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IGITAL DEVICE CONFIGURATION AND METHOD

DIGITAL DEVICE CONFIGURATION ARD VL IHOD
BACKGROUND

Ll The present disclosure is related generally to a digital device architecture and, more particularly, to a digital
system configuration and associated method for devices including an clectromechanical data Storage Element. The

disclosed is particularly well-suited for use in a portable device.

12 One need only briefly survey virtually any public area in modern society in order to gain an appreciation for the
popularity of electronic devices. Such devices include, but are not limited to cellular phones, music players, portable
computers, personal digital assistants, pagers, digital cameras, digital camcorders, personal gaming devices and e-books.

Continuous imprevement has been seen in the capabilities present in these devices attributable, at least in part, to a

into digital imp

13 Demands, with regard to future electronic devices, include further miniaturization coupled with still further
improvements in performance. These demands are marked!y intense with regard to portable devices. A particular area of
concern resides in 2 desire to store ever-increasing amounts of digital information. At the same time, it should be

d that an el ic device, ially in a portable or miniaturized form, is likely to be subjected to a

harsh envi parti 1y with regard to mechanical shock. In an attempt to cope with the nced for a

significant amount of digital data storage while, at the same time, dealing with the problem of mechanical shock,
designers resorted to the use of electronic memory, particularly in the form of flash memory. This solution is evident in

the instance of state-of-the-art music players, including MP3 players. As of this writing, the popular configuration of

these players is to use a removable flash memory card having a size of approxi ly 32 MB. Unft ly, several

problems are associated with this solution, as will be described.

14 One problem seen with regard to the flash memory solution resides in the fact that 32 MB is, in itself, a
somewhat limited amount of storage. It is not unforeseeable that in the near future even amounts less than 512 MB will
be considered as small. Considering present day devices, the owner of a portable device that relies on the use of flash
memory cards typically must own a number of the cards in order to provide a sufficient overall amount of storage.
Otherwise, the portable device owner may be forced to frequently reload the flash memory card via a personal computer
or otherwise be subjected, for example, 1o listening to a quite limited music selection in the instance of an MP3 player.
Moreover, the cost of flash memory cards is currently somewhat prohibitive. Many portable device owners simply

choose not to incur the expense of buying numbers of additional flash memory cards.

95 In coping with the problems inherent in the use of flash memory cards, a recent alternative solution has been the

provision of a larger, electromechanical digital storage that is thek ble. This solution is
exemplificd by the IBM Microdrive™. The latter is a removable miniaturized computer hard disk drive provided with a
connector that mates with 2 comesponding connector incorporated within the portable device to be served. It is noted
that such miniature hard drives, including the Microdrive, have essentially the same configuration as prior art hard drives
seen in personal computers. That is, the miniature hard drive is made up of two general assemblies including a head disk

assembly (HDA) and a printed circuit board assembly (PCBA). The HDA itsclf includes a rotatable magnetic media, a

JP 2005-503638 A 2005.2.3
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sensor assembly for reading from and writing to the rotatable media and motors for accomplishing rotation of the
rotatable media and positioning of the sensor assembly. The PCBA includes essentially all of the electronics needed to
operate the HDA with the common exception of a preamplifier. While the Microdrive brings improvement in data
capacity, as of this writing, the cost of the Microdrive is quite high in terms of megabytes per dollar and absolute cost
when compared to such costs in conventional drives. it is submitted that this absolute cost, in and by itsclf, will prove to

be a significant barrier with regard to broad-based use of the product.

6 The Microdrive utilizes a CompactFlash interface. This interface raises concerns for a number of reasons, not
the Jeast of which is the requirement for a rather bulky interface connector having fifty pins, as described in the CF+ and

CompactFlash Specification Revision 1.4. Further concerns with regard to CompactFlash will be addressed below.

1 With regard to the removable configuration of the Microdrive, it is noted that the perceived need for removable
media has been greatly reduced in certain envi once viable, signi levels of "per Iy" installed storage
space has been provided. Available embedded storage has iti taken a p dent over ble storage, as

evidenced in desktop computers. Still further concerns are associated with removable storage, as will be discussed

below.

bt While the use of 2 miniaturized hard disk drive effectively resolves the problem of limited storage by providing
many times the storage currently available in a typical flash memory card, the issue of the use of such a component in the
potentially harsh environment of a portable device is once again brought to the forefront. It should be appreciated that,
under certain circumstances, prior art hard disk drives tolerate relatively high levels of mechanical shock- even as high as

1500Gs. Under i ly, hard disk drives are generally quite susceptible to mechanical

shock events, for example, during the time that the head or sensing assembly is actually accessing the rotating media.
Consequences of a mechanical shock event occurring at precisely the most jnopportune time include potential drive
failure. For instance, a drive may fail when subjected to a 175G event during an access. In this regard, Applicants are
unaware of a miniaturized hard drive or overall device architccture incorporating effective features specifically intended

to cope, for example, with the potentially harsh environment of a portable electronic device.

129 U.S. Patent number 6,061,751 (hereinafter the ‘751 patent), sharing the lead inventor of the present application,
serves as one reference point with regard to several suggestions which may be utilized within a system incorporating a
hard drive. The framework of the ‘751 patent, however, resides not in the arca of drive miniaturization, ruggedization or
pontability, but primarity in reducing the cost of a hard disk drive as provided in an overall computer system. One
approach taken by the patent encompasses moving all possible functionality out of the overall hard disk drive, including
the controller, and onto the motherboard of the host device. For example, unused silicon "real estate” might be utilized

for il ion of the . M , such a controller may utilize memory that is already present on the host

side. Thus, the drive cost is reduced to some extent. At the same time, it should be appreciated that the prior art
functional control implemented as between the CPU and the controller is unchanged with respect to locating the
ller on the motherboard. ifically, the Iter includes p ing power which executes control code that is

"native" to the peripheral device. As used herein, "native code” refers to the lowest level control code required to control

a particular peripheral device. It is that code which is customarily executed by a device controller in a fashion that is

JP 2005-503638 A 2005.2.3
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isolated from the CPU resident within the host system

910 Figure | is a represcntation of Figure 2 of the 751 patent, including altemative reference numbers assigned
consistent with the present discussion. Accordingly, a prior art computer system 10 includes a host circuit board 12. A
controbler 14 is included as a single integrated circuit having further functions, as will be mentioned. A servo integrated
circuit 16 is used to spin motors in any attached peripheral devices. Three peripheral devices are shown including a head
disk assembly (HDA) 20, a CDROM/DVD 22 and a floppy drive 24. Ahernatively, the latter may comprise a high

capacity floppy drive, a miniature drive, or other suitable device.

g11  One advantage, alluded to above, in the patent is the usc of the HDA as an altemative to a complete hard disk
drive (HDD) since costs are lessened by including components such as, for example, controller 14 within the host
system. Components of the HDA (described above, but not illustrated) include a data media, a sensor/head mechanism to
read and/or write data to and from the media, and motors to spin the media and position the sensor/head mechanism. A
preamplifier is included to amplify the data read from or to be written 10 the media. The preamplificr may be instailed on
a flex circuit (see item 17 in Fig. 1A of the ‘751 patent) that electrically connects the HDA to the PCBA. 1t is appropriate

to note, at this juncture, that the '751 patent also describes the location of a read/write channel, electrically in

with the pr lifier, as p fally being arranged in the host system, distributed between the host
system and the peripheral device or being within the peripheral device. The conventional location of the read/write
channel in prior art HDD's is on the PCBA in close physical proximity to the electrical connection point of the HDA, for

reasons described below.

112 Continuing with a description of Figure 1, each peripheral device may also have an associated personality ROM
26. The specific location of the personality ROM is shown for an individual component in Figure 3 (item 64) of the '751
patent. It is noted that the personality ROM is isolated from the rest of the individual component and is accessed via the
PCI arrangement. Integrated circuit 14, in Figure 1, further includes peripheral component interconnect (PCI) bus
functionality such that the integrated circuit is interfaced to a PCI bus 28. It is noted that PCI bus 28 comprises one
example of 2 number of possible bus mastering buses. A CPU 30 and chipset 32 are provided with the chipset connected
10 PCI bus 28. CPU 30 is, in tum, interfaced with chipset 32. A RAM section 34 is also interfaced to chipset 32. It is
important to note that CPU 30 is indirectly connected to the peripheral components. Specifically, PCI bus 28 is
interposed between the peripheral components, including HDA 26, and the CPU. While this arrangement may be
advantageous with regard to cost reduction, certain disadvantages that accompany this configuration will be considered
at appropriate points below. For the moment, it is noted that system control is accomplished by the CPU issuing
commands that are placed on PCI bus 28 in accordance with mandated PCI protocol. It is submitted that cestain penalties
are associated with this style of command configuration. For example, commands issucd through levels or layers of

protocol higher than the native code are particularly inflexible.

913 The present invention provides a highly advantageous digital device configuration and method that are
submitted to resolve the foregoing problems and concems while providing still further advantages, as described

hereinafter.

JP 2005-503638 A 2005.2.3



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(71)

WO 03/025932 PCT/US02/28987
SUMMARY
114 As will be described in more detail hereinafier, there is disclosed herein a Storage Element as well as associated

devices and method. In one aspect of the invention, a device is configured for access by a user and includes an assembly

having an electromechanical digital data storage configured for i ponsive to a native control
code. The device further includes a processing arrangement which exccutes a control program for controlling the overal!
device and which executes at least a portion of the native control code, as part of the control program, for use in directly

interfacing with the storage arrangement.

415 In another aspect of the present invention, an assembly includes a digital data storage arrangement made up of a
rotatable read/write media, a head amrangement configured for reading and writing the rotatable media and a

programmable channel at least for forming an interface between the rotatable media and the head arrangement.

Additionally, a pi ing ari produced separatc from the digital storage arrangement, is clectrically
connectable with the digital storage arrangement at least sufficient to program the chanuel in a particular way that serves
to customize the interface formed by the channel between the rotatable media and the head arangement such that the
digital storage arrangement is later to be used, without the programming arrangement, in an end installation including the

customized channel.

116 Tn yet another aspect of the present invention, a system is described for providing a digital storage arrangement
for end use in an end device. The system includes a rotatable read/write media forming a first part of the digital storage

and a head forming a second part of the digital storage arrangement and configured for reading

and writing the rotatable media. A programmable channel forms a third part of the digital storage arrangement and is
configured at least for forming an interface between the rotatable media and the head arrangement. A programming
arrangement, produced separate from the digital storage arrangement, is configured for electrical connection with the
digital storage arrangement at least sufficient to program the channel in a particular way that serves to customize the
interface formed by the channel between the rotatable media and the head arrangement such that the digital storage

armangement is later used in the end device including the customized channel.

7 In still another aspect of the present invention, in a device having a user access arrangement for receiving a user

Tuding a i the imp includes a d for

and i
interpreting the user intcraction in a way that defines a command to be executed by the processing arrangement and for
initiating the execution of the command prior to termination of the user interaction. In one feature, a digital data storage

arrangement is further included for storing digital information under control of the processing arrangement wherein the

command defines a data access that uses the digital storage ar and the L is p d
to initiate execution of the data access responsive to partial entry of the command during the user interaction. In another
feature, the digital storage arrangement utilizes a rotatable media and an electronic memory arrangement is provided

wherein the isp d to execute the data access by reading certain information from the

digital storage arrangement, after spinning up the rofatable media on which the certain information is stored, and for
transferring that certain information to an electronic memory arrangement such that the certain information is available

without the need to access the digital data storage arrangement.
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18 In a further aspect of the present invention, within a device including an electromechanical digital storage
arrangement and configured for receiving a plurality of external interactions, at Jeast some of which require one or more
data transfers using the storage arrangement, and at least some, but not all of which are user interactions, an assembly
includes: a first arrangement for receiving a first one of the interactions requiring a first data transfer by the storage

ar a second ar for di ining that the first i jon is a non-user interaction, and a third

arrangement for delaying execution of the first data transfer, associated with the first non-user interaction, at least until a

next user interaction.

19 In a continuing aspect of the present invention, within a device including an electronic memory arrangement
having a capacity wherein the device is configured for responding to a plurality of external interactions including user
interactions, at least a specific one of which interactions requires a specific data iransfer to the electronic memory
arrangement such that the specific data transfer is of a size that exceeds the capacity of the electronic memory
arrangement, an assembly includes a first arrangement for loading the electronic memory arangement with an initial
portion of the specific data transfer to fill the electronic memory arrangement to its capacity such that the initial portion
of data is available for use in a predetermined way. A second arrangement monitors the use, in the predetermined way, of
memory ar and a third is provided for loading an additional

any data stored in the
portion of the specific data transfer into the electronic memory arrangement to replace that part of the initial portion of
the specific data transfer which has been used in the predetermined way such that an unused part of the initial portion of
the specific data transfer and the additional portion of the specific data transfer are concurrently stored in the electronic
memory arrangement. In one feature, the assembly includes an electromechanical digital storage arrangement such that
the specific data transfer is stored by the electromechanical digital storage arrangement for transfer to the electronic

storage arrangement in the first and additional portions.

120 In an ongoing aspect of the present invention, within a portabie electronic device configured for receiving a user

i ion and for ing in an overall cavi which may subject the portable electronic device to mechanical

shock, the device including an electromechanical Storage Element which is susceptible to such mechanical shock when
reading and/or writing data and which is otherwise substantially less susceptible to mechanical shock, the
electromechanical Storage Element is protected from shock at least to a limited extent by providing an electronic
memory arrangement in the portable device. The uscr interaction is monitored to define a particular use of a selection of
data stored on the electromechanical Storage Element. The sclection of data is copied from the electromechanical
Storage Element 1o the electronic memory arangement. After using the electromechanical Storage Element in the

copying step, availability of the selection of data for the particular use is indicated such that the user is able to initiate the

particular use of the selection of data, through ing the el ic memory ar only after the
electromechanical Storage Element is not in use and is ially less ible to ical shock.
121 In another aspect of the present invention, in a device configured for access by a user and including a processing

arrangement which executes a control program for controlling the overall device, an assembly includes an
electromechanical digital data storage arrangement responsive to a native control code and a peripheral control
arrangement configured such that the processing arrangement executes at least a portion of the native control code of the

storage arrangement as part of the control program. The peripheral contro! amrangement includes an interface configured
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for implementing the native code between the p i and the electr 1 digital storage
arrangement.
122 In still another aspect of the present invention, a digilal data storage arrangement includes a rotatable media as

well as a head arrangement configured for accessing (he rotatable media by first initiating a control sequence intended to
move the head arrangement from an unparked position to 2 parked position. Thereaficr, a predetermined status is
detected, related to head arrangement position which confirms that the head arrangement is in the parked position. An
indication is then produced based on the predetermined status. In one feature, the indication is stored at a predetermined
register location. In another feature, the storage arrangement is configured with a ramp for recciving the head
arrangement in its parked position such that, when so received, the ramp and the head arrangement cooperate n a way

which produces the indication thereby confirming that the head is in the parked position.

23 In another aspect of the present invention, in a digital data storage arrangement including a rotatable media as

well as a head ar gured for ing the rotatable media and for moving to a2 parked position, an
apparatus includes a first arrangement for initiating a control sequence intended to move the head arrangement to the
parked position after having accessed the rotatable media, a second arrangement for thereafler detecting a predetermined
status related to head arrangement position by testing the head arrangement for reading from the rotatable media such
that an inability of the head arrangement to read indicates that the head arrangement is at least away from the rotatable

media, and a third arrangement for producing an indication based on the predetermined status.

a ing ar for lling

124 In yet another aspect of the present invention, in a device i
operation of the device and including an electromechanical digital storage arrangement is described. A status of a
particular attribute is established related to operation of the clectromechanical digital storage arrangement. Using the

processing arrangement, the status of the particular attribute is monitored for use in a further control operation.

125 In a continuing aspect of the present invention, in an electromechanical storage device including a rotatable

magnetic media and a head ar g for to access the rotatable media and for moving to a

parked position, an assembly includes a first arrangement for producing a position signal which confirms that the head
arrangement is in the parked position and an electrical interconnection arrangement in clectrical communication with the

head ar for use in lling the head and which electrical i jon is

configured for receiving the position signal from the first arrangement for a control use.

126 In a further aspect of the present i ion, in an el hanical storage device including a housing

supporting a spin motor for rotating a magnetic media disk and supporting an actuator arrangement for accessing the
magnetic media disk using at least one head positioned on a distal end of the actuator arrangement, an assembly includes
an electrical i ion in electrical ication with said actuator arrangement and configured for

forming an external interface to the storage device. The assembly is further configured such that at least a portion of the

electrical i i is supported by the housing and includes a parking arrangement supported by the
housing supported portion of the electrical interconnection arrangement for receiving the distal end of the actuator arm in

a parked position.
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1?27 In another aspect of the present invention, as applied 10 an electromcchanical storage device including a
rotatable magnetic media and a head d for 10 access the rotatable media and for moving
to a parked position responsive to at least one p in a parking L an is provided as part of the

electromechanical storage device, for producing a position signal which confirms the parked position of the head
arrangement when so positioned. A calibration procedure is performed using the position signal to establish an

operational value of the parameter for later use in parking the head arrangement.

28 In still another aspect of the present invention, as applied to a plurality of clectromechanical storage devices
d for to access the

each of which includes a rotatable magnetic media and 2 head arr

rotatable media and for moving to a parked position responsive to a parking an arr is provided, as
part of each electromechanical storage device, for producing a position signal which confirms the parked position of the

head ar when so positi A calibration procedure is performed on each electromechanical storage device, in

which the parking sequence is applied to each electromechanical storage device with the head arrangement initially in a

data access position intended to move the head arrangement to the parked position. The parking sequence being

repeatedly performed in a way which blishes a failure ion of the parking sequence for each
electromechanical storage device in which failure configuration the head arrangement at least once fails to achieve the
parked position. A set of failure configurations, including at least one failure configuration for each electromechanical

storage device, is tracked across the plurality of electromechanical storage devices.

BRIEF DESCRIPTION OF THE DRAWINGS

129 The present invention may be understood by reference to the following detailed description taken in conjunction

with the drawings bricfly described below.

130 FIGURE 1 is a block diagram taken directly from U.S. Patent number 6,061,751 shown here to serve as one

focal point for discussion relative to prior art design considerations regarding hard disk drives.

P31 FIGURE 2 is a diagrammatic block diagram illustrating one embodiment of a device implemented including a

Storage Element of the present invention.

132 FIGURE 3 is a diagrammatic plan view illustrating one possible physical embodiment of the Storage Element

of the present invention.

33 FIGURES 4a-4c are di ic timelines i ing various approaches for performing data transfers in

accordance with the present invention.

934 FIGURE 4d is a diagram illustrating the status of data stored in an electronic memory arrangement of the device

of the present invention at a particular point in time.

135 FIGURE S5a is an illustration of one possible appearance of the device of Figure 2 produced in accordance with

the present invention including a display screen and connectable, for example, with a headset, as shown.
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36 FIGURES 5b-5g are diagrammatic illustrations of the appearance of the display screen of the device of Figure
sa, shown herc o illustrate potentia) operational sequences occurring during interactions with a user of the device

performed in accordance with the teachings of the present invention.

37 FIGURE 6 is a di ic i jon, in perspective, of a portion of the Storage Element of the present

invention, shown here for the purpose of describing several i of a highly g head arr:

position sensor.

138 FIGURE 7 is a schematic block diagram illustrating a position sensing circuit interfaced with the head

arrangement position sensor of Figure 6.

939 FIGURE 8 is a partial cut-away diagrammatic view of the voice coil motor arm end of the Storage Element of

the present invention, shown here to facilitate di ion of a highly ical shock scnsing

I{ din d: with the present invention.

140 FIGURE 9 is a schematic block diagram illustrating a mechanical shock sensing circuit interfaced with the

mechanical shock sensing arrangement of Figure 8.

141 FIGURE 10 is a flow diagram i ing one possible i jon of a parking calibration method

performed in accordance with the present invention and utilizing the highly advantageous head position sensing

arrangement of the present invention.

42 FIGURE 11 is a flow diagram i ing one possible imp ion of 2 tracking method
performing in accordance with the present invention and utilizing the head position sensing arrangement of the present
invention.

943 FIGURE 12 is a flow diagram i ing one possible imp ion of an ad d parking control and

monitoring sequence performed in accordance with the present invention and utilizing the head position sensing

arrangement of the present invention.

944 FIGURE 13 is a block diagram of a test/programming board produced in accordance with the present invention

and interfaced with the Storage Element (partially shown) of the present invention during manufacturing procedures.

DETAILED DESCRIPTION OF THE INVENTION

45 Returning now 1o the drawings, wherein like components are indicated by like reference numbers throughout
the various figures, attention is immediately directed to Figure 2, which illustrates an electronic device, generally

indicated by the reference number 300, manufactured in accordance with the present invention. It is to be undersiood that

device 300 is intended to be representative of any number of digitally i d device types including, but not
limited to wireless telephones, Intemet appliances, personal digital assistants, music players, muiti-function pagers,

multimedia devices or any other device adaptable to use permanently installed digital storage of a size that is typically

provided using electr hanical, rather than ic storage. Moreover, the present invention facilitates the inclusion
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of additiona! functionality in devices traditionally having more limited, dedicated functionality, For example, a wireless
phone may be provided including such features as a digital camera and/or a digital music player. Specific teachings with
regard to integration of such functionality in particular device types will be provided at appropriate points below. The
present invention is particularly suited for use in devices which may, at times, be subjected to use in a "hostile”
environment in which the device experiences large mechanical shock forces. Portable devices are commonly exposed to
such an environment. The present invention, however, is in no way limited to use in portable devices, but finds

application in essentially any form of device that is Iikely to be subjected, at least briefly, to mechanical shock.

46 Continuing with a description of Figure 2, device 300 includes a processing arrangement 302 configured for
operating the overall device. Processing arrangement 302 includes at Jeast one processor or central processing unit (CPU,
not shown). Such a CPU may be designed to cooperate with a chipset (not shown) forming part of the processing
arrangement. At the same time, additional, slave CPU's or chips (not shown) may operate at the behest of a master CPU,
all of which are considered to form the processing arrangement. kt should be appreciated that all of these configurations
are considered as being within the scope of the present invention so long as certain teachings are practiced, as will be

described.

947 A memory section 304 is associated with processing section 302 which may be, for example,  suitable form of
ROM. Alternatively, the memory section can be made up of a suitable combination of ROM and RAM wherein a volatite
RAM portion of the memory section is loaded for device operation during an initial boot-up. Memory section 304 itself

includes device code 306 and native code 308. The latter will be described in detail below. Device code 306 enables

li icated to op 1 and keeping tasks common to any particular type of device that is

implemented. Moreover, it should be appreciated that the mini amount of putati power that is commonly
needed to operate a device, having somewhat limited dedicated functionality, is correspondingly quite limited with

| loved

respect- to the capabilities of the processors that are y emp in such state-of-the-art devices. As one

example, processors in wireless telephones may typically be idle for a majority of the time. The present invention may

rely on under-utitized ilities of the p ing arr in a highly way, as will be described

hereinafter.

8 With continuing reference to Figure 2, device 300 further compriscs a user interface arrangement 310, for
example, in the form of a keypad (only partially illustrated). Other items include an electronic memory arrangement 312
to pi ing a 302, Buses/interfaces 322 and 324

and a Storage Element 320, alt of which are
connect the processing arrangement to the Storage Element and electronic memory arrangement, respectively. Electronic
memory arrangement 312 may comprise volatile memory such as RAM having a predetermined size for use in
performing particular operations under control of processing arrangement 302. As one example, the electronic memory
arrangement may be loaded, in a manner yet to be described, with digital music that is later read by the processing
arrangement, processed and, thereafter, provided to an audio output jack 325 via a suitable audio section 326. It is noted
that, while certain features are described herein with regard to processing and handling digital audio, these descriptions
are intended for illustrative purposes only and that the underlying concepts of the present invention enjoy a broad range
of applicability. A digital interface 328 is provided having an external connection such that device 300 may be connected

10 an external computer. Suitable interface configurations include, for example, a Universal Serial Bus (USB) interface
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and 1EEE 1394. With appropriate software installed on the external computer, a user may perform maintenance
operations with regard to the content available on Storage Element 320. For example, a user may create playlists which
are loaded onto the Storage Element. It should be appreciated that any form of digital information may be transferred to

or from the Storage Element in this manner.

149 Storage Element 320 comprises electromechanical storage interfaced to device 300 by a flexible circuit 330 to
be described in further detai along with descriptions of other components which make up the Storage Element. For the
moment, it is sufficient to note that a connector 332 is provided which accepts a free end of flexible circuit 330 for

purposes of interfacing Storage Element 320 to processing arrangement 302 within device 300 via bus 322.

150 Native code 308, used by processing arrangement 302, is directed to the sole purpose of operating Storage
Element 320. The term native code, as mentioned above, encompasses code that is used in the direct control of a device
that is peripheral 1o the processing arrangement. Native code is typically executed by a prior art controller chip and
represents the lowest and most dircct level of control of the peripheral device. In accordance with the present invention,
processing arrangement 302 controls Storage Element 320 using its native code with no intervening protocol layers;

comprising instructions that are directly received and acted on by components (to be described) in the Storage Element.

. No translation of these native code instructions is performed. In essence, native code is the inherent, executable language

of the Storage Element. Prior art controllers serve to receive higher level protocol commands and interpret these into
native code. In view of the foregoing discussions, direct control of the Storage Element exemplifies an advantageous
application of potentially unused, but available processing power of processing arrangement 302. In the event that
otherwise unused capability is used, device 300 generally exhibits no user-perceptible performance degradation, as

compared to the same device operati i y; that is, p 10 a device in which a dedjcated controller

exccutes native code. Morcover, p ing power dedicated to the ion of the Storage Element may deliberately be

Timited to unused capabilities of a host processor (CPU) already present in the architecture of a particular device. Further,

a "transitional” configuration may be provided as an intcrim solution which includes a transitional JC assisting the host

- processor in the execution of the native code of the Storage Element. The it imp jon is ad in

requiring minimal hardware changes in a preexisting host processor. Cost associated with the modification in the host
processor may be limited so as to be essentially insignificant. That is, the modified processor may be provided for any

pp previously employing the dified pi as well as for new applications including Storage Element
control functionality.
151 The transitional 1C may be integrated in the chipset of the host IC using, for example, an interface made up of 2

clock line, one or more control lines and one or more data lines such as NRZ lines. The width of this intcrface may be
limited to further reduce impact on the host processor in terms of pin count. The control line or lines, scparate from the
data line or lines, is considered to be advantageous in providing direct and immediate control over the Storage Element.
In the instance of an interface requiring sharing of control, data and disk-related data (i.c., servo or "user” data stored by
the Storage Element), contro! delays may be encountered as a result of waiting while disk-related data is being
transferred. The present § i a need for i diate control, for example, when a sufficiently high

probability of hanical shock is predicted. Over time, functionality present in a transitional IC may migrate into the

host processor. It should be appreciated that the host IC and the transitional 1C may utilize vendor unique commands

10
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with regard to implementation of specialized features of the present invention within a prior art interface arrangement 5o
long as such commands arc compatible with the overall interface protocol that is used. Where the transitional IC is
configured to respond to one or more vendor unique commands, the host side requires knowledge of the commands and
appropriate programming on the host side to implement the vendor unique commands. For example, a Compact Flash
Interface may be implemented between the transitional IC and the host IC utilizing one or more vendor unique

commands. The foregoing feature will be discussed further at an appropriate point below.

152 Referring to Figure 3 in conjunction with Figure 2, a further advantage of the present invention resides in the

"visibility” of the Storage Element to the processing arrangement. Since virtually every aspect of the operation of the

Storage Element is lled by processing arrang 302 via native code 308, certainty as to the exact operational
status of the Storage Element is achieved. In this regard, Storage Element 320 includes a housing 338. A rotatable
magnetic media 340 is rotated by a spin motor 342 which is, in turn, supported by housing 338. A sensor arrangement
344 is positioned by a voice coil motor (VCM) 346 (only a portion of which is shown). The term sensor arrangement is
interchangeable with the terms head arrangement and actuator arm. As is best seen in Figure 3, illustrated portions of the
VCM include a lower magnet assembly 348 and a voice coil 350 which is supported on the VCM end of actuator arm
346. The upper magnet assembly is not illustrated for purposes of clarity. The actuator arm is supported by an actuator
pivot 35 which is, in turn, supported by housing 338 such that the distal end of the actuator arm opposing the VCM may
engage magnetic media 340. The Storage Element of the present invention is not limited to the use of magnetic media.
Any suitable media may be used such as, for example, optical media so long as the teachings herein are practiced. It
should be appreciated that awareness of the status of thc components of the Storage Element is important with régard to
exposure 10 external mechanical shock and further in consideration of other attributes of the operation of the Storage

Element such as, for example, power consumption wherein the status of spin motor 342 is crucial.

953 Still referring to Figure 3, the distal end of the actuator arm opposing the VCM includes a transducer
arrangement 352 and a lift tab 354. It should be appreciated that flexible circuit 330 includes various portions serving
different components within the Storage Element. A free end 330a of the flexible circuit is configured for engaging
connector 332 (see Figure 2). A flex carrier platform 356 supports a main portion 330b of the flexible circuit. Flex carrier
platform 356 is mounted (not shown) in a suitable way such as, for example, using stand-offs which engage housing 338.
In one highly advantageous feature, a ramp 360 is supported by flex circuit main portion 330b. Ramp 360 is engaged by
1ab 354 on the outermost end of the actuator arm when the actuator arm is moved into its illustrated parked
configuration. Supporting the ramp in this manner, having the parked actuator arm proximate to the flexible circuit,
facilitates application of the flexible circuit in confirming the parked position of the actuator arm, as will be further
described. Other parts of the flexible circuit include an actuator arm connection 330c (also referred to as a dynamic loop
of the flexible circuit), which is connected to main portion 330b, and a flex loop portion 330d which is connected

between spindle motor 342 and main portion 330b.

954 Attention is now directed to Figure 1 for the purpose of continuing the discussion of the visibility aspect of the
present invention relative to the ‘751 patent. It is important to understand, with regard to prior art Figure 1, that visibility
of peripheral components to the processing arrangement, consisting of CPU 30 and chipset 32, is limited based on

constraints imposed by PCI bus 28. An associated penalty, alluded to above, resides in a degree of uncertainty
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ying issuance of ds through the PCI bus to a controller which interprets the commands and, in turn,

issues native code directly to the peripheral. Applicants are aware that, in some instances, discretion is present in the way

that ds are imp within the ller. As an example, in the context of the ‘751 patent, it is assumed that

a read command is issued by CPU 30 for the purpose of transferring certain data from HDA 28 to RAM 34. Accordingly,
the disk (not shown) of the HDA will spin-up prior to reading the data and a sensor (not shown) wiil then be used to rcad
from the disk. As is well known to one having ordinary skill in the art, the HDA is especially susceptible to external
mechanical shock during sensor access to the disk. At some point thereafier, the requested data will retur via the PCI
bus. From the perspective of the present invention, it is of interest that the status of the HDA disk motor and the sensor
may be unknown. Specifically, the time at which the spin motor spins down and the sensor is parked are under control of
the metrics of PCl mass storage IC 14, serving here as a controller. For example, the HDA spin motor may spin down if
an additional command is not received within a predetermined period of time. Thus, spin down may occur long after
completion of the requested data transfer. CPU 30 has no way of establishing the status of the HDA disk motor beyond
issuing a “spin down"” command, which may or may not be available, depending upon the protocol in use. Essentially,

this is an open loop arrangement which is considered by Applicants as being unacceptable.

€55 Attention is now directed to another prior art interface, CF+ which is mentioned above with regard to its use in

the IBM Microdrive, in further ini in ion with its p . CF+

isan d version of C lash that is dto various 1/Q devices including magnetic disk data

storage. CF+ implements a CF-ATA command set which is taken from the ATA interface of IDE (Integrated Drive
Electronics). One aspect of drive operation that is of particular interest with regard to the present jnvention resides in an
awareness of the status of the head arrangement. Generally, as described, the head arrangement may be parked so as to
provide its highest resistance to mechanical shock. It should be appreciated, however, that even though a head
arrangement is not reading or writing data, it may be left in a floating state. One IDE command cncompassed by CF+ is
"Idle Immediate” (see page 74 of the CF+ specification). Typically, an idle state means that the spin motor is spinning,
but there is no required status as to the head arrangement. That is, the head arrangement could be parked or floating. The
actual status is left to the discretion of the implementer. The CF+ specification and IDE/ATA itself are therefore
ambiguous with regard to head arrangement status in ldle. Other CompactFlash commands which exhibit similar
ambiguity include Idle, Standby, Standby Immediate and Set Sleep Mode. While the designers of the interface perhaps

considered this ambiguity as advantagcous in allowing design flexibility, the present invention considers this ambiguity

as ble in view of the I

d operating

156 Unfortunately, the ds described i diately above are impl; d in an open loop manner whereby

no confirmation of actually accomplishing a physical act thought to be associated with the command is provided. The
commands merely require clear BSY and generate an interrupt without defining an associated hardware status. The

response may be generated as a mere response to receipt of the command by the receiving electronics. Thus, the

capability 10 be certain as to the operational state or condition of a peripheral is limited at best and may be essentially

nonexistent.

57 The present invention, in contrast, resolves this ambiguity through operating using the processing arrangement

of the overall device in direct native code communication with the Storage Element while, at the same time, serving the
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entire device. That is, among many available control actions, the processing arrangement directly executes head parking
using native code. In this way, there is no discretion as to implementation of an “intermediate” command which requires
translation by a controller to, in tum, operate the peripheral device. Further, as will be seen, highly advantageous
provisions are available for confirming the positional status of the head arrangement as weil as other operational aspects
of the Storage Element of the present invention. Again, such monitoring provisions, in being jmplemented with direct
control by the processing arrangement, do not exhibit the command ambiguity seen, for example, in IDE and PCL

Morcover, the present invention incorporates highly advantageous status monitoring capabilities which are implemented

via native code control and which are itted to provide sweeping advantages when operating in a potentiaily hostile

environment, as will be described in detail at an appropriate point hereinafter.

158 Any degree of discretion permi in d ion is idered as pi ic, particularly with
respect to operation where potential exposure to mechanical shock is a reality. The processing arrangement and Storage
Element of the present invention cooperate in 2 heretofore unseen way wherein the processing arrangement directly
controls the Storage Element in a series of control events forming a data interchange sequence. The latter is typically
initiated when no more than an initial portion of the user interaction defines no more than an initial portion of the data
interchange sequence. Entry of a command during a user interaction is interpreted "on-the-fly" by processing
arrangement 302 in a way that serves to define controt events that are related to the native code of the device that is
being controlled. Additional controi events are then executable immediately upon interpretation, with continuing
command entry by the user. Thus, the present invention copes with potential exposure to mechanical shock, in the first
instance, through an intimate awareness of the operational status of a shock-sensitive peripheral. Still further features

cooperate with this initia] feature, as will be seen.

159 As described above, even prior art hard drives resist mechanical shock at relatively high lcvels when the
actuator is parked and the spin motor is not spinning. Storage Element 320 is similar in this regard, including still further
features which enhance its resistance to mechanical shock beyond the capabilities of prior art drives. Various ones of
these features will be taken up at appropriate points in the discussion below. Electronic memory, on the other hand, is
immune to mechanical shock for practical purposes. In this context, the present invention recognizes that placing Storage
Element 320 into its most mechanical shock-resistant ‘state, which may be referred to as its "safe state”, is highly

advantageous when exposure to shock events is more Jikely. Of course, electronic memory arrangement 312 remains

usable irrespective of the potential ical shock exposure environment.
960 Under the assumption that device 300 comprises a cellular telephone incorporating a music player, it should be
appreciated that such portable device genres may be subj to signifi fevels of mechanical shock, for example, in

being dropped or hit. The present invention recognizes that a device such as a cellular telephone is used in a general way
which characteristically includes periods of time during which the phone/player combo is not likely to receive a
significant mechanical shock. In particular, during actual access by the user of the device, for example, participating in a
call, the device experiences a stable environmental condition. At other times, when the phone is not in use, the
environment, relative to mechanical shock, is not so predictable. Such times include storage of the phone, for example,
on a belt clip or in a purse. Even more precarious times include those times during which the user transitions the device

from actual usé to storage and vice versa. It is submitted that the transition time is the most hazardous since the user may
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drop the device, thereby subjecting it to high mechanical shock. Therefore, device 300 s configured so as to utilize
Storage Element 320 primarily during user access while avoiding, the use of the Storage Element during transition times

which immediately precede and follow user access periods. Details with regard to implementation of this highly

diatel inaft

ad ion are provided i

161 Referring to Figure 2, in order to further mitigate the potential for subjecting device 300 to mechanical shock,
the device includes a headphone receptacle disconnect feature. Accordingly, processing arrangement 302 unloads the

t of a ph plug 362 from device receptacle 325. Hence, if the

Storage Element heads responsive to
device has been dropped, the heads are unloaded prior to contact of the device with the ground. In order to further

enhance this feature and assuming that a headset 364 (or earpiece) is positioned on the user's head during playback, the
length of a cable 366 leading to the headsct and connected to the receptacle may be selected whercby disconnection will
generally occur prior to the device contacting the ground. Still further benefit may be derived by providing elasticity in
the headset cable. In an associated feature, head unloading time defines a minimum headphone disconnect drop height,

above which there is jent time to lish the unioading operation, but below which there is insufficient time to

perform head unloading. When the device is dropped below the minimum headphone disconnect height, shock
susceptibility may be reduced or effectively climinated due to protection imparted by a shock isolation mounting system

provided for the Storage Element in conjunction with initial near proximity to the ground.

962 Having described certain physical attributes of device 300, attention is now dirccted to Figure 4a in conjunction
with Figure 2. The former figure illustrates the operation of device 300, in accordance with the present invention, under a
first operational scenario. A timeline is indicated by the reference number 400 with individual time periods from toto t2.
A user interaction 402 takes place via user interface arrangement 310 and is made up of a sequence of individual
commands. Initiation of the user interaction begins with the user actuating a song selection/play button 404 (Figure 2).
Thereafler, commands are used to select three songs to be played by the device. It is noted that selection of each
individual song is not illustrated in the user interaction for purposes of simplicity. One example of a command sequence
in selecting songs to play might be to initially depress play button 404. The initial actuation of the play button occurs
over time periods t to te. The user might then use numerical menu indications (not shown) within a song menu to enter
specific songs from the list over the interval comprising time periods t 0 5. Songs may be selected either as a group or
individually. It is noted that a limited number of song titles are selected in the present example for clarity of illustration;
however, any number of song titles may be selected, limited only by the constraints of the physical storage available in

device 300.

163 For further purposes of the present example, all three selections are made in the form of a set at one point in
time such that associated data transfers may be performed without intervening delays. Having selected these songs, the
user concludes the command by again engaging play button 404 in a predetermined way, as will be described, over ty; to
tas.

64 Initiaily, the digital data representative of each of the song selections is stored by Storage Element- 320.

Conversion of the digital information to an audio signal by processing arrangement 302, ultimately to be made available

to a user at audio jack 325, first requires moving the data associated with the songs from Storage Element 320 to
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clectronic memory arrangement 312. As mentioned above, playing the songs from electronic memory arrangement 320

is performed with relative immunity to mechanical shock, after moving the corresponding data from Storage Element

320 to the electronic memory arrangement. During the course of user i ion 402, processing ar 302
monitors the user interaction to interpret user input ds, as rep dbya d entry kine 406.
565 Processing arrangement 302 monitors user interaction 402 for the earliest possible indication that a data transfer

involving Storage Element 320 is imminent. That point may be chosen, for examplc, as that time when the user views a
song selcction menu on a display screen (not shown) of the cell phone/music player device, when the user first depresses
play button 404, when the user depresses a player selection button or device operation branches to player-oriented

features during a menu-driven selection sequence being performed by the user. Rather than wait until user command

period 402 is complete at ts, p ing ar 302 immediately readies Storage Element 320 for the access.

166 In the present example, the chosen point in time is selected as to, when play button 404 is first actuated.
Accordingly, processing arrangement 302 responds by spinning up rotatable media 340. The spin-up event is shown in a
data transfer execution line 408, indicated as S/U, beginning at time t; and continuing up 1o time ;. 1t is noted that the
spin-up process can comprise the most time consuming event in the overall operation of Storage Element 320. For this
reason, anticipation of the pending data access, in the manner taught by the present invention, is considered to be highly
advantageous. Further in this regard, spin-up time is not an arbitrary factor, but rather, can be controlled to provide
optimum results. A number of factors should be weighed in this optimization including, for example, the fact that
mandating a very fast spin-up in a portable device may result in shortened battery life. Still other factors affect the rate
at which data transfers can be accomplished. Among these are the speed at which the magnetic media disk is rotated. It

is noted that the typical point at which the prior art initiates command execution (i.e., spin-up) is typically at ts. The

present invention achieves a ping ge, in terms of hanical shock protection, by initiating command

execution at a far earlier chosen point in time.

967 Having accomplished spin-up, data transfers can be in very rapid i fier. In this
regard, transfers illustrated in the present figures are shown as each taking one time period, while the spin-up time is

shown as taking four time periods. Jt should be appreciated, however, that the time durations of the spin-up and data

transfers may vary relative to one another ding to particular impl i The data transfers are indicated as
T1-T3 wherein one of the transfers is associated with each song to be played. The present invention recognizes that the
duration of data transfers to and from the electronic memory arrangement can be controlled in an affirmative manner that
is not only operationally effective with regard to limiting exposure of Storage Element 320 to mechanical shock, but is

also cost-effective.

168 still referring to Figures 2 and 4a, data transfer T1 begins at time t;, immediately upon completion of entry of

transfer command 406. Transfers T2 and T3 begin at times to and tyo, respectively, Jn essence, each transfer requires a

data interchange sequence defining a series of control events that are discreetly by p. ing ar
302. As noted above, each transfer is completed in a single time period. Following completion of transfer T3 at time t,;,
processing arrangement 302 "shuts down” the Storage Element spin motor and parks its head sensor arrangement over

time periods t;; and t;2, indicated as S/D, to place the Storage Element in the safe state. In this regard, it is noted that the
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shut-down process may be somcwhat long compared to the data transfer times, again depending upon the particular
344

implementation. The more important component of the process essentially consists of ing sensor
to its mechanical shock-resistant parked position. It should be appreciated that this latter operation can be performed in a

rapid manner. For example, prior art hard drives are capable of parking the actuator or sensor arrangement in time

periods on the order of 200 milliseconds. With certain the present i i | parking of
sensor arrangement 344 of Storage Element 320 in a time period of no more than approximately 100 milliseconds. In
any case, time periods of these orders of magnitude are typically far shorter than responses seen as a result of human
interaction. In the present example, the command period of user interaction 402 extends considerably beyond
completion of transfer command 406 such that the Storage Element has Jong since been placed into its safe state pending
a potential mechanical shock event during a subsequent transitional movement by the user. Alternative scenarios will be

presented below.

169 Still considering Figure 4a, it is important to understand that the capability of the present invention to provide

for the best protection against mechanical shock for the Storage Element during the transitory period is derived from

the d Q1 at the soonest possible moment. This precept allows for completion of
inning of

associated data transfers at the soonest possible time, even prior to ion of the user i i The
data transfer execution may be delayed somewhat, for example, by initiating the spin-up at the conclusion of the initial
actuation of play button 404 at time t, or even until conclusion of transfer command entry at time ;. In this regard, it is

noted that nine time periods make up the actual spin-up, data transfer and spin down operations. Therefore, spin-up

could be initiated as late as time t;o in order to ly plete all of the operati by time tz5. 1t should be
mentioned that this capability is available, at Jeast in part, as a result of the intimate control and awareness present
between processing arrangement 302 and Storage Element 320 enabled by running native code in the processing
arrangement. As will be described below, a number of featurcs may be provided to ensure that data transfer operations

are at least pantially complete and return to the safe state is accomplished prior to a user transition of the device.

170 Referring now to Figures 2 and 4b, one highly advantageous feature of the present invention, relating to
mechanical shock resistance of Storage Element 320, resides in control of the size of data transfers to and from the
Storage Element. For descriptive purposes, Figure 4b illustrates a transfer command entry 410 interpreted over time
periods s through t to define TI-T3. It should be appreciated that these transfers utilize electronic memory
arrangement 312. Spin-up occurs concurrent with transfer command entry. By sufficiently limiting the overall storage
capacity of the electronic memory arrangement, the duration of time required by any data transfer is limited to the
corresponding time that is required to fill elcctronic memory arrangement 312. In the example of Figure 4b, it is
assumed that the electronic memory arrangement can be filled (or completely written to Storage Element 320) and then
spun down by processing arrangement 302 in no more than five time periods, providing for completion of data transfers
TI1-T3. Hereinafter, this specific length of time may be referred to as the "memory fill" time period indicated by the
reference number 412. In this connection, the reader is reminded that the user of device 300 is required to actuate play
button 404 so as to conclude the user interaction. In order to ensure that ail data transfers involving Storage Element 320
are completed at or before the conclusion of the user interaction, the user is required to press play button 404 for a time
period that is at least as long as the memory fill time or may require a confirmation action (such as, for example,

ation" or

subsequently depressing a button). This actuation of the play button may be referved to hereinafter as "play i

16

JP 2005-503638 A 2005.2.3



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(84)

WO 03/025932 PCT/US02/28987

“command initiation”. Again, such time durations, as contemplated here, are extremely short in terms of human
perception. As a practical example, the present invention contemplates a memory fill time of approximately 2-4 seconds
using an electronic memory arrangement having a capacity of 32 MB. k should be mentioned that limiting the size of the
electronic meniory arrangement is attended by the further advantage of cost savings. As will be seen, the present
invention uses the electronic memory arrangement in ways that might lead a user to believe that an electronic memory of
a much greater size has been provided. Of course, larger size electronic memories may be employcd while still practicing

the teachings disclosed herein by appropriatcly setting a maximum size data transfer.

71 Other modifications are equally within the scope of the present invention. For example, the Storage Element
spin-up time may be included as part of the memory fili time to definc an "extended memory fill time". In this instance,
1he user is required to press play button 404 for the additional length of time encompassing the drive spin-up time. The
Storage Element spin-up time may be on the order of, for example, less than 500 milliseconds. In the event that the user
fails to depress the play button for a sufficient period of time, an audio and/or visual alert may be provided. Moreover,
insufficient actuation of the play button may trigger an immediate shutdown of the Storage Element, ignoring any

pending data transfers in order to avoid the mechanical shock threat which is present during user transitioning of the

device, ing the i p! user i i In the presence of such constraimts placed upon the user, it is
considered that the user will quickly learn to use the device consistent with imposed requirements for best protecting
Storage Element 320 from the risk prescnted by mechanical shock. Even with the foregoing operational constraints in
place, it is considered that a user may operate and treat device 300 in essentially the same manner as a device
conventionally configured without Storage Element 320. That is, any differences are intended to be essentially
inconsequential from the viewpoint of the user. As an alternative, presentation of a play option may be precluded untii

such time that data transfers from the Storage Element to memory have been completed.

172 Turning now to Figures 2 and 4c¢, in one feature associated with the use of a limited size electronic memory
arrangement, the present invention operates in an opportunistic manner when handling data transfers that are larger than
the memory fill size. Figure 4c illustrates a user interaction sequence 420 having a first User Access Event which itself
defines six data transfers having a combined size that is twice the size of clectronic memory arrangement 312. That is,
the user interaction defines a total transfer size that exceeds the capacity of the electronic memory arrangement. The first
user interaction begins at t and continues until time 1;, upon release of play button 404 or other such identifiable event.
The six transfer commands are entcred during a transfer command entry period 422. In the present example, the first
three transfers are selected as a group while the last three are individually selected. The user may have selected the song
items to be played by viewing different song lists in some random order, thereby creating an extended command entry
period having idle times between selections. Again, this command entry period has been shown in a way that

illustrative limitations of the present forum which, when drawn in proportion, would appear much longer

in duration compared, for example, to transfer times. Individual transfer commands are not shown in User Access Event

1 for purposes of simplicity.

73 Spin-up of rotatable media 340 of Storage Element 320 is initiated at time to with actuation of play button 404
(indicated as P/B), prior to transfer selections made by the user. Transfer of the digital data corresponding to the first

song selection ensues on a data transfer execution line 424 at a time during the transfer command cntry when the user
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selects the song corresponding to T1. Thus, in the present cxample, command exccution begins not only prior to the end
of user interaction 400, but even before actual completion of command entry 422 by the user. Altematively, spin-up of
the Storage Element magnetic media may be delayed unti! time t,, corresponding to the definition of transfer T1 being
available, in view of the ongoing entry of the transfer command sequence during wansfer command entry 422; however,

entry into the safe state of the Storage Element is thereafier delayed by a portion of the spin-up time.

174 By initiating spin-up upon detection of actuation of the play button, each of the T1-T3 data transfers may be

ly with the iated defined within User Access Event 1. As mentioned

performed almost
above, it is also considered to be advantageous to spin-up responsive to a menu selection sequence initiated by the user at

a point which branches to player functionality. In any case, for play initiation, the user is required to depress play button

404 for the predetermined period of time from t 10 ty,, corresponding to that time which is required to completely fill

electronic memory 312 after the d entry jons. The actuation is indicated as play initiate (PI) in
user interaction 420. It is observed that the transfers are complete and the Storage Element is placed into its safe state
well before the earliest time (t,;) at which the user may release the play button for play initiation of all pending data
transfers. In the event that the user fails to successfully play initiate the sclections, the pending transfers may be canceled
and the Storage Element immediately placed into its safe state. At the same time, an error signal may be provided to the
user. The error signal serves at least two purposes. First, it informs the user that an error was made such that the user may
modify future selection entry to avoid the inconvenience of canceled sclection transfers. Second, the error signal is
intended to introduce a delay prior 1o the user transitioning the device, for example, to a belt clip or purse. In this regard,
it is considered that even the slightest delay on behalf of the user will provide for proper entry of the Storage Element
into the safe state prior 1o transitioning of the device. As another alternative, the Storage Element may be placed in the
safe state immediately upon indication by the user that no additiona} sclections are to be made which would require an
associated transfer. For example, upon being presented with a screen display asking, either alone or as one choice in an
overall menu, "Make another selection? y=1, n=2. x?", an "n" or "no" choice may result in immediately placing the
Storage Element into the safe state, irrespective the status of ongoing and/or pending transfers. In most cases, it is
considered that a majority of the transfers requested by the user will opportunistically be completed while the user
interaction is underway. Still further aftematives may be developed by one having ordinary skill in the art in view of this

overall disclosure.

175 Having filled the electronic memory arrangement using T1-T3, the data stored therein may be used in any
suitable way. For exemplary purposes, the present discussion assumes that the data is used to generate a music signal
during an interval labeled as 11, The present example further assumes that the data is used to form the music signal at a
rate that is one-sixth the rate at which the data may be transferred. Of course, such data is much more likely to be used at
a far slower rate, in comparison with the data transfer times. For the purpose of playing music files with state-of-the-art
i Appli 1 a play time of approximately 60 minutes where the electronic memory

P
arrangement has a size of approximately 32 MB. Because the user-defined transfer is incomplete until such time that all

six song selections have been made available for listening, p ing ar 302 s 8 ly configured for

tracking use of the data that is stored by the electronic memory arrangement.
176 With regard to mechanical shock, it is desirable to perform the remaining data transfers, comprising T4-T6, so
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as to limit potential exposure of Storage Element 320. In accordance with the present invention, the remaining data

transfers are performed at one or more opportune times. In the present example, one additional transfer of all three

remaining song titles is capable of completely filling el ic memory ar 312. Such a transfer would include
all of T4-T6. According to the teachings above, the most opportune time to perform data transfers is generally during a
user access. Unfortunately, because the precise timing of subsequent user accesses is unknown, there is no certainty as to
a user access taking place at the precise time when playback of the three initial transfers concludes. As will be seen, the

present invention provides a highly advantageous feature to address this problem in an effective manner.

177 It should be remembered that user accesses are performed for various purposes. [n the present cxample,
accesses may be performed for the purpose of selecting songs to be played or to use other features of device 300, for
example, in telecommunications modes which may include receiving and originating telephone calls and/or the
implementation of other messaging services such as paging and sending and/or receiving e-mails. When device 300 is
used for any of these other intended purposes, the associated user access, like the access for the purpose of entering song
selections, is likewise less subject to the receipt of a mechanical shock. For this reason, device 300 is configured to

opportunistically execute data transfers involving Storage Element 320 during user accesses whenever possible.

178 Referring to Figure 4d in conjunction with Figures 2 and 4c, one important feature associated with this
opportunistic configuration resides in replacing "used" data resident in electronic memory arrangement 312 during
subsequent user accesses, irespective of the specific purpose to which the subsequent user accesses might be directed.
For purposes of illustrating this feature, user interaction 420 includes a series of interactions, labeled as User Access
Events 2-4, subsequent to User Access Event 1. It is assumed, for illustrative purposes, that each of these subsequent
events involves using device 300 in a telecommunications mode, for example, receiving or originating a telephone call,
such that playback of audio data stored in the electronic memory arrangement 312 ceases for the duration of the call. At
time 1,7, User Access Event 2 is initiated. Playback of audio data stored by electronic memory arrangement 312 takes
place during an interval 11 from the conclusion of playback initiation at 1y, to ty7. At the onset of User Access Event 2, six
playback time periods have clapsed, corresponding to the playback of the song associated with the T1 transfer. It should
be remembered that the duration of the subsequent user events has been illustrated as being extremely short in order to fit
these events into Figure 4d. In reality, it is likely that these user events would appear extremely long relative to events
such as placing Storage Element 320 into its safe state. Nonetheless, the concepts of the present invention remain

effective, even in the face of the extremely short user access intervals illustrated.

179 Figure 4d illustrates the state of electronic memory arrangement 312 at tyy. One-third of the stored data has been
used during 11; while the data transferred in T2 and T3 remains unused, filling the remaining two-thirds of the capacity
of the electronic memory arrangement. When User Access Event 2 is initiated at t7, processing arrangement 302
recognizes the opportunity to safely replace the used Tl data contained by the electronic memory arrangement.
Accordingly, magnetic media 340 of the Storage Element is spun up at t;; for the purpose of transferring T4 at time tho.
Immediately thereaficr, the Storage Element is placed into its safe state. As illustrated in Figure 4c, this process is
repeated for transfers T5 and T6 at User Access Events 3 and 4, respectively. The data stored in the electronic memory

arrangement 312 corresponding to the T2 transfer is replaced by the T5 transfer, while the data corresponding to the T3

transfer is replaced by the T6 transfer, respectively. 13 302, ing as described, has
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orchestrated a highly advantageous cooperation taking place between the electronic memory amangement and the
Storage Element that is transparent to the user. In the instance of cvents which necessitate ceasing audio playback such
as, for example, receipt or initiation of a call, it is generally considered to be desirable to require the user to re-initiate
audio playback even though audio playback could resume automatically. Re-initiation serves the purpase of confirming

initiation

that the user indeed wishes to continue listening to andio that is clectronically saved. This subscquent event re
has not been illustrated in Figure ¢ due to drawing space limitations. In onc feature, the uscr may receive a prompt to
view a menu with various selections as to the use of elecironically saved data. As an example, the menu selections might
include: 1) Resume audio playback; 2) Add more playback selections; 3) Edit playback selections; 4) Suspend playback

until later; and 5) Erase current selections.

q80 1t should be appreciated that there may be times when no subsequent user access events occur to enable
opportunistic performance of data transfers. The behavior of device 300 can be controlled, under such circumstances, so
as to implement a desired level of mechanical shock protection for the Storage Element. In order to provide the highest
possible level of protection, the device may signal to the user, via processing arvangement 302, that it has run out of data
10 play and, thereafier, stop playing. For example, an audio statement may voiceover the playback audio saying, for
example, "Please refresh the song play list.” Visual notifications may be provided as an alternative or accompanying the
voiceover. Alternatively, the device may be configured to repeat playback of the data that is already present in the
electronic memory arrangement. The user then has the option of initiating a user interaction in order to permit an

opportunity to refresh data stored by the electronic memory arrangement.

81 The present invention provides a particular feature which is considered to be highly advantageous, for example,

in the context of refreshing the electronic memory arr pecifically, an ar and method are disclosed
for monitoring the environment of the Storage Element. One aspect of environmental monitoring that is encompassed is
measurement of mechanical shock at the location of the Storage Element. Thus, rather than attempting to control the
environment by requiring a user interaction to refresh the electronic memory, the processing arrangement may observe
the current shock environment and/or a record thereof in making an assessment as to whether the currcnt environment is
safe enough to proceed with a "refresh” transfer. These environmental monitoring features will be described in detail at

appropriate points below.

182 Inputs or events, other than user accesses, may take place which ultimately require use of the Storage Element
50 as to create pending data rransfers. In the absence of a user access coincident with the input, however, it is preferred to
store data in the electronic memory arrangement. For example, an incoming email or voice message may be received.
Under such circumstances, the present invention contemplates electronic storage, at least temporarily, within electronic
memory arrangement 312. For example, an incoming email or voicemail message may always be given storage priority
over digital music stored in the elcctronic memory arrangement. Initially, audio data that has already been played back
may be replaced. When a user access is thereafier initiated, such as a telephone call, the clectronically stored messages
may opportunistically be moved from electronic storage to the Storage Element in a manner that is consistent with the

foregoing descriptions.

183 Under the aforedescribed situation in which pending data transfers are defined as a result of the limited storage
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capacity of the memory ar another operati condition may arise wherein a subsequent event
iiself requires access to the Storage Element. In this instance, the associated transfers may be performed in a sequential
or interleaved manner. The reader is again reminded that the combined size of all transfers is limited by the capacity of
the electronic memory arrangement which, in turn, limits the potential time duration of a "memory fill" transfer.
Additional priorities may be prescribed such that communications transfers (e.g., voice and email) have priority over

music data transfers.

184 When an incoming message such as, for example, a voice mail or email is of a size that is larger than the
electronic memory arrangement, storage of the message may begin in the electronic memory arrangement. In the absence
of a user interaction, the uscr may be notified of the incoming message in a suitable manner so as to initiate a user
interaction. If the user is unavailable, the highest level of protection for the Storage Element mandates postponing receipt

of that particular message until a more opportune time,

985 In view of the foregoing, attention is now directed to the command design concept and command interpreter of
the present invention. Having the highly ad ition in hand that entry and ion may occur

concurrently, rather than ially, Appli further that peration between the processing

arrangement, Storage Element and electronic memory arrangement can provide even more enhancement with regard to
completion of data transfers in the most expedient manner possible, relative to a specific command. In particular, the
present invention provides for "building” or designing commands in a way which is thought to implement the most rapid
possible execution of associated data transfers. One example, seen frequently in the foregoing discussions, resides in
when the command specifies spin-up of the rotatable media of the Storage Element. In one feanure, spin-up of media 340
of Storage Element 320 takes place once the number of defined transfers have a combined capacity that approaches or
excecds the storage capacity of electronic memory arrangement 312. Thus, referring again to Figure 4c, assuming that
transfers T1-T3 cqual the capacity of electronic memory arrangement 340 and further assuming that T1-T3 are all
defined at time t, (during entry of transfer command 422), spin-up (not shown) takes place at t,. In association with this
feature, the command interpreter may on-the-fly examine the size of each transfer as it is defined to monitor the overall
size of the combination of defined transfers. A determination may bc made, for example, of an average size transfer. Ata
point during user selections when the combined total size of all transfers leaves less space available in the electronic
memory arrangement than one average size transfer, spin-up may be initiated. In other words, spin-up occurs when the

user is within one average size selection of memory fill.

986 The command interpreter of the present invention may also establish optimum spin-up time based on the rate of
user activity during entry of transfer commands. For example, the command interpreter of the present invention may
monitor the rate at which a user makes selections. In this way, an average selection rate can be established such that
optimum spin-up time is determinable based, at least in part, on the average selection rate. The optimum spin-up time is
determined, in essence, based on the user's history in making selections, it can be estimated at what time the user will
have made a sufficient number of selections to fill or ncarly fill the electronic memory. It should be appreciated that the
objective of these various features is to spin the rotatable media for a minimal amount of time necessary. In other words,
it is desirable to begin transfers as soon as possible during a command entry sequence, but to avoid idle times between

defined transfers such that the Storage Element is generally expericncing data transfers when it is spinning whereby to

21

JP 2005-503638 A 2005.2.3



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(89)

WO 03/025932 PCT/US02/28987

save battery power as one advantage. The described features may be combined in apy suitable manner in order to

accomplish these objectives.

987 Command design is also important with regard to implementation of other features such as the play initiate
feature, described above, which serves to ensure that the Storage Element is in its safe state prior to the conclusion of a
user interaction. In this connection, it should be appreciated that commands issued through the present invention
encompass the complexity of the native code of the device being controiled. It is submitted that the absence of
intervening layers of protocol provides, to a large degree, the capability to design commands in accordance with the
teachings herein. Other features, typical of control events, that are at the discretion of the command designer include but
are not limited to head and spin motor status. As will be further described, the present invention contemplates

environmental status as a factor in command execution.

188 Attention is now directed to Figure 5a which itlustrates an external view of one potential implementation of
device 300. Device 300 may selcctively incorporate any of the features and concepts described herein with regard to
those described in this overall disclosure. Accordingly, the device may comprise a hybrid combining the functionality of
two or more separate prior art devices. Specifically, the combination of a wireless or cellular telephone and a digital
music player is implemented in device 300. The latter includes a housing 450, a user accessible keypad 452, a speaker
area 454 positionable proximate to a user's ear, a microphonc having a sound pickup (neither of which is shown) at an
appropriate Jocation on housing 450 and a display screen 460. Storage Element 320 is mounted using mechanical shock
isolation features within housing 450, but is not visible in the present illustration. Since the capability to play digital
music is provided, device 300 further includes an audio output jack such as indicated by the reference number 325 in
Figure 2. The audio output jack is sclectively connectable, for example, with audio headset 364 or any other earpiece
arrangement suited for individual listening. Alternatively, the output may be provided 1o an audio or computer system.
As described above, device 300 may incorporate a digital interface (sce interface 328 in Figurc 2) at a suitable location
on the housing, In this way, the device may interface with a user's computer at feast for purposes of monitoring and
controlling the digital music or other data saved on the Storage Element. The present invention further contemplates
connection of device 300 10 another portable device including, but not limited to another, identical portable device for

purposes of data sharing.

189 Turning now to Figure b in conjunction with Figurc 5a, a series of screen shots will be described illustrating
the operation of device 300 primarily with respect to its digital music mode and associated features. Figure 5b illustrates
screen 460 of device 300 wherein a selcction menu is presented to the user. The user may select either "Phone” or
“Player”, for example, by using up and down arrow keys 464 and 466, respectively, on keypad 452. In the present

example, it is assumed that the user selects the Player option.

90 After selection of the Player mode, Figure 5¢ illustrates one possible presentation given on sereen 460. Upon
entering the player mode, it should be appreciated that the user may have previously been using the player only to be
interrupted by a telephone call or perhaps may have stopped playback for some other reason at a point during a playlist.
Accordingly, a menu is presented having four choices including "Resume Play”, "Review Playlists”, "Create New

Playlist” and "Previous Menu". The "Resume Play" selection starts play of a previously selected playlist at the point
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where playback was last stopped or paused. Such a previously selected playlist will remain available in electronic
memory arrangement 312 (see Figure 2) until such time that the user chooses 1o replace it. The "Review Playlists”
selection permits the user to select any previously created playlist available on the Storage Element. Playlists may be
created using keypad 452 and display 460 or may be created using an external computer interfaced with device 300 via
its USB interface port (Figure 2) or other suitable interface arrangements. The former process is initiated with the
selection of the "Create New Playlist” selection. Selection of "Previous Menu" returns the user to the display of Figure

5b

9 Turming to Figure 5d, for purposes of this figure, it is assumed that the "Review Playlist” selection was made in
Figure Sc. Consistent with this selection, a playlist menu is illustrated in Figure 5d. The present example illustrates the
display of Playlists 1-3 as well as the option to select "More Playtists” wherein the choices corresponding to Playlists 4-6
may be displayed (not shown) along with continuing to display the "More Playlists" selection where still further playlists
are available. While the playlists described here are generically numbered, the user may create customized names that
are displayed in association with each playlist. For example, the artist's name and/or the title of the work may be

displayed.

92 Selection of one of the playlists on the screen of Figure 5d results in the presentation of screen 460 of Figure Se.
Sclection options are presented for "Song 17, “Song 2" and "Song 3". Selcction of any one of these initiates playback of
the associated song from electronic memory arrangement 300. Again, the songs have been generically numbered here,
but the user is readily provided with the option of customizing the song names, for example, with the actual song title.
Additional options may be selected in Figure Se including “More Songs" which presents the next three song selections
and which may be repeated until the playlist has been exhausted. A "Load Playlist” selection returns the user to the
display of Figure 5d. The user may alternatively select "Edit Playlist” for the purpose of modifying an existing playlist or

for creating a new playlist.

993 Referring to Figures 5d and 5f, selection of one of the playlists shown in the display of Figure 5d that is
available on Storage Element 320, but which s not currently available in electronic memory arrangement 312 requires
transfer of the associated data from the Storage Element to the electronic memory arrangement. Consistent with the
desire to protect the Storage Element during data accesses, as described above, the illustrated "Loading” screen or a
similar such display may be presented to the user during the data transfer. This screen may be presented, for example,

corresponding to the time during which the Storage Element is not in its aforedescribed safe state.

194 Referring to Figure 5g in conjunction with Figure 5f, after the Storage Element has returned to its saft state, a
"Play” and "Previous Menu" selection are presented to the user, Generally, in this situation the user is awaiting
availability of the playlist for immediate listening (i.e., viewing the display of Figure 5f) and is thought to be very likely
to wait the few seconds required until the display of Figure 5g is presented in order to make the "Play" selection. Thus,
the user is given the option to initiate playback only after the Storage Element is in its safe state. Any of the foregoing

screen displays may be modified in any suitable manner while remaining within the scope of the present invention.

995 Referring again to Figure 3, attention is now directed to certain aspects of the arrangement and operation of

electronic components as part of Storage Element 300. In particular, a channel IC 500 is physically supported by and in

23

JP 2005-503638 A 2005.2.3



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(91

WO 03/025932 PCT/US02/28987

electrical communication via main portion 330b of flexible circuit 330. A pre-amp 1C 502 is also supported on portion
330b of the flexible circuit. One advantage attendant to positioning the channel IC on the flexible circuit resides in
eliminating the need for a printed circuit board (PCB) as part of the Storage Element. Ht should be mentioned that main
portion 330b of the flexible circuit is "wrapped” around flex carrier platform 356 such that signal routing and
components may be mounted on the flexible circuit below the flex carricr platform. One component so positioned, in the
present example, is a servo IC. Of course, such components are not visible in the present illustration. Main portion 330b
of the flexible circuit may be bonded to platform 356 in any appropriate manner including, but not limited to the use of a

suitable adhesive.

196 At first blush, it may appear that locating these three 1C's in the Storage Element is readily accomplished.

However, in the instance of channel IC 500, a number of complications, which are ncither trivial nor obvious, must be

overconte in order to locate it on the flexible circuit. Not the least of these plications relates 1o noise on
the flexible circuit. The various signals carried by the flexible circuit include, for example, control signals that are
digitally generated with extremely fast rise and fall times; aiso referred to as "sharp edges”. Onc of ordinary skill in the
ant appreciates that the edges of such high level control signals produce considerable interference in the form of radiated
energy. At the same time, raw data passes through pre-amp IC 502 enroute to channel 1C 500 after having been read by
sensor arrangement 346. The combined presence of the low-signal-level raw data and the control signals at the flexible
circuit is of concern with regard to potential corruption of the low-level signals. Processing performed by channel IC 500

on the flexible circuit introduces still further concer.

997 Still considering the location of channel 1C 500, it is submitted that one of ordinary skill in the art, in order to
cope with this interference problem, would position the channel 1C almost anywhere but the flexible circuit, for example,
on a printed circuit board. As exemplified by the JBM Microdrive, discussed above, the channel IC is part of the PCBA
external to the HDA. The PCBA, in being isolated from and a separate part with respect to the HDA, is less subject to
the interference that is present at the flexiblc circuit, Moreover, special interference provisions may be built into the area
of circuitry associated with the channel IC. Such provisions can be quite intricate, based on the relatively vast amount of
space available on the PCBA. Alternatively, one of ordinary skill in the art may place a separate PCB within the HDA
assembly for mounting the channel IC. This latter amrangement is attractive to one of ordinary skill in the art again for
the reason that the PCB can isolate the channel IC from the interference. Onc appealing aspect, stemming from the prior
art and which is applicable to locating the channel IC on either form of printed circuit board, resides in the fact that

locating components on printed circuit boards is far less expensive than locating such components on the flexible circuit.

198 The present invention resolves the foregoing interference problem by controlling signal characteristics using
Jow level signaling (for example, 1-1.8 volts or less), as well as signal routing on the flexible circuit and IC pin-out

locations.

199 With continuing reference to Figure 2, the present i ion re jzes a particular ad ge that results from
locating channel IC 500 on flexible circuit 330. n order to achieve optimized .performance from a controller and
particular HDA, the channel IC must be customized to the particular media and sensor combination of that HDA. That

is, during normal production of a prior art hard drive, a programming step must be performed which controls the specific
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way in which the channel IC interacts with the HDA. Applicants are aware of no other way to achieve such optimized
performance, short of programming yet another channel IC. Thus, in order (o achieve optimum performance, the preseat

invention recognizes that a "customized” channel 1C must remain with its iated HDA after progr ing. In the

prior art, programming functions dirccted to this ization or at least directed to executing them are
gencrally permanently incorporated in memory associated with a hard drive controller on the PCBA of the hard drive. In
the absence of channel customization, degraded or what may be referred to as "generic” performance is obtained from a

particular channel and HDA combination.

100 Briefly considering the '751 patent, Applicants find no teachings with regard to customizing a channel IC that
remains permanently associated with a particular HDA without an associated control arrangement. While the patent
suggests locating the channel IC in the HDA, in the host computer or distributed therebetween, the patent is devoid of
teachings with regard to selecting any one of these locations as being advantageous. Thus, only generic performance

appears to be available.

101 With the channel IC in a distributed configuration or wholly within the host computer, customizing the channel
is still further complicated. In particular, it should be understood that the "751 patent embraces a modular system
approach wherein peripherals such as an HDA are provided separate from the host computer and typically originate from
different vendors. One advantage of such modular systerns is seen in the ability of even an end user to initially assemble
the system and o add components, as nceded. Under these circumstances, with all of the components coming together at

the hands of the end user, there is no way in which a customized channel can be provided for any particular HDA and

channel combination. In this regard, the present i i iders channel ization by an end user as
impractical. The channel customization procedure, normally performed during manufacture, is gencrally time
consuming. For example, customizing the channel for a 20 GB (capacity) hard drive may readily require 60 to 90
minutes. An even more compelling reason for avoiding the idea of end user customization of the channel IC is
evidenced by the fact that the channel programming and test process serves in a quality controi sense during
manufacture. That is, an HDA/channcl combination may be rejected at manufacture by failing to perform above a

specified threshold.

102 The present invention considers dismissal of a quality control function, placed out of reach of the manufacturer,
as unacceptable. ShiRting such a manufacturing-oriented quality contro] function to the end user is likewise considercd as
virtually inconceivable. The alternative, inherently exhibited by the ‘751 patent, is to settle for generic performance
levels. The present invention further rejects this latter alternative and provides a highly advantageous and heretofore

unseen solution which is described hereinafter.

4103 Referring to Figure 3, it is initially important to understand that channel IC 500 is customized to magnetic
media 340 and sensor arrangement 344 of Storage Element 320. The ability to provide 2 customized channel is
attributable, in part, to the recogition that the channel IC is only programmable, from any standard of practicality, by
the manufacturer of Storage Element 320. In this way, a value-added reseller may provide a device such as, for example,
a ized channel.

device 300 including Storage Element 320 configured for optimized performance, i

9104 Still referring to Figure 3, attention is turned to an additional advantage related to channel IC 500. Specifically,
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the latter includes a channel characteristics section 510 comprising a nonvolatile area which contains certain information
related 1o the configuration of the Storage Element. This information may include, for example, the storage capacity of
the Storage Element, and the attributes of the section of the disk containing the system configuration, The purpose in
providing channel characteristics section 510 resides in configuring the Storage Element such that anticipated and/or
typical changes in the Storage Element do not necessitate changes in other portions of the Storage Element such as, for
example, in processing arrangement 302. That is, the processing arrangement within an overall host device may be
configured to read the channel characteristics section, for example, during an initial boot-up sequence to provide for
appropriately accessing the Storage Element. In this way, a singlc processing arrangement may access 2 variety of

different Storage Element configurations with no attendant modification of the processing arrangement required.

§105  Attention is now directed to a number of other highly advantageous features of the present invention which
protect the Storage Element from the cffects of mechanical shock and which generally enhance its reliability. As
described above, HDD's are susceptible to failure when the head or heads contact the media, for example, as a result of
reception of a mechanical shock which is sufficient to move the head arrangement. In the absence of rotation of the
media, the failure is usually catastrophic since the heads will become stuck to the media; relative movement will
thereafier tear the head(s) from the actuator arm. One arrangement for parking the head arrangement is described in U.S.
patent number 4,933,785 issued to Morehouse et al (hereinafer Morehouse). The latter describes a ramp configuration
wherein the head arrangement rides against the ramp to be received in its parked position by seating in some sort of

detent formed in the ramp.

9106  Once the head arrangement is in the parked position, Jaiching arrangements are typically relied on to restrain
movement of the head arrangement as a result of mechanical shock. While prior art ramp parking arrangements and

latching arr are generally suited to their intended applications, it is submitted that such

10 certain p which, until now, remain unresolved. For example, a controller may

ar remain
initiate parking of the head arrangement, however, the head arangement may not fully transfer to its parked position.
That is, the head arrangement may stide only partially up the ramp, failing to reach the detent. Alternatively, the head
arrangement may engage the ramp with too much momentum- sliding up the ramp only to hit and bounce off of a hard
stop at the end of the ramp, stopping away from the detent and out of position. In either situation, it is quite likely that a
Tatching will tk fter be incapable of ini of the head ar since such latching

arrangements are normally designed under the presumption that the head arrangement is at Jeast initially Jocated in its
parked position (i.c., seated in the detent). Moreover, particularly for shock forces which tend 10 move the head
arrangement down the ramp and toward the magnetic media, the magnitude of force required to initiate movement is
significantly reduced, as compared to starting with the head arrangement seated in the detent. At the same time, the

controller {processing arrangement) is unaware of this status which is likely to soon result in a catastrophic drive failure.

9107  The foregoing discussion evidences a void in the prior art with respect to recognizing a necd for monitoring at

least certain aspects or attributes which are related to the operational status of an environmentally sensitive

! data storage ar The present i ion, in contrast, i this need, parti ly with

regard to implementation in portable devices. Attributes of concern at the Storage Element of the present invention

include, but are not limited to positional status of the head arrangement, rotational status of the spin motor,
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environmental temperature at the Storage Element and the shock environment being experienced. Once a view to these
attributes is provided, appropriate responses may be formulated, as will be described in the context of a number of

attributes immediately hereinafter.

9108  Referring to Figures 3 and 6, attention is now directed to a highly advantageous actuator arm position sensor.
‘These figures illustratc actuator arm 344 in the parked position. Consistent with terminology of the art, this position may
be referred to as having the "hcads unloaded”. Conversely, the term having the "heads loaded" may refer to the position

when the actuator arm or is positioned for reading magnetic media 340.  Figure 6

illustrates a portion of Storage Element 320 including actuator arm 344, portion 330b of flexible circuit 330 supported by
flexible carrier platform 356 and ramp 360. It is noted again that the flexible circuit "sandwiches" flexible carrier
platform 356. In the illustrated actuator arm position sensor implementation, a tab 510 is intcgrally formed using a
portion of the flexible carrier platform, with the tab thereafter being bent upwardly. A tab portion 512 of the flexible
circuit is formed integrally with that portion of the flexible circuit which is beneath flexible carrier platform 356, as seen
in Figure 6. Tab portion 512 of the flexible circuit may be attached to support tab 510 in any suitable manner such as, for
example, using a suitable adhesive. A contact button 514 is arranged on and supported by tab portion 512. A conductive
trace, which is not visible in the present illustration, is integrally formed with the flexible circuit and connects electrically
with contact button 514. Electrical monitoring of the status of the contact button is thereby provided for any monitoring
arrangement having access to the flexible circuit such as processing arrangement 302 shown in Figure 2. Contact button
514 may be formed using, for example, a solder bump, a dimple formed in the flex circuit, a protrusion in the underlying
flexible carrier platform which "outsets” the contact area or any suitable combination of such design concepts. Tt should
be appreciated that the use of a flexible circuit and camying platform is not a requirement. For cxample, a stationary
contact configured to engage the actuator arm in the parked position may be supported in any suitable manner including
directly by the housing of the Storage Element. Alternatively, a component carrying substrate may be used in place of

the combination of the flexible circuit and carrying platform.

9109 Still referring to Figure 6, as previously described, a portion of the flexible circuit comprises flex actuator arm
connection 330c. A portion of this latter element extends from the position at which it is reccived by the actuator arm
along the length of the arm 1o an electrical contact arca 516 supported by a contact support surface 518, The contact
support surface may be integrally formed with the actuator arm or produced separately therefrom for suitable aftachment
to the actuator arm. Electrical contact area 516 may be fixedly anached to the contact support surface in any suitable
manner such as, for example, by using an adhesive. Actuator arm 344 is shown in its parked position with lift 1ab 354
seated in a detent 520 formed in ramp 360. Contact button 514 and contact area 516 are arranged such that electrical
contact is maintained between these latter two elements when the actuator arm is in its parked position. In this regard,
flex actuator arm connection 330c (see Figure 3) of the flexible circuit is used to apply a resilient bias whereby to
maintain such electrical contact in the absence of mechanical shock forces below a predetermined threshold value. The
flex actuator arm connection arm or dynamic loop may be configured in any suitable manner to this end. While Figure 3
illustrates a configuration having primarily one bend, an “S" curve, as shown in Figure 6, is considered as being
particularly effective. It should be appreciated that this overall contacting arrangement may be modified by one having
ordinary skill in the art in any number of alterative ways. For example, the actuator arm is generally at ground potential.

Rather than button 514 contacting the flexible circuit, the button may contact the grounded body of the actuator arm so

27

JP 2005-503638 A 2005.2.3



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(95)

WO 03/025932 PCT/US02/28987

as to bring the button and flexible circuit trace in communication therewith to ground potential.

{110 With continuing reference (o Figure 6, another actuator arm position scnsor implementation will be described.
Specifically, ramp 360 is formed having an electrically conductive volume 522 defined between a pair of dashed lines
524. Conductive volume 522 itsclf defines a landing surface 526 which contacts lift tab 354 in the parked position.
Volume 522 extends to a lowermost surface of the ramp proximate to flexible circuit 330b. A contact pad (not shown)
may be formed as part of the flexible circuit, having an associated trace for external communication, to maintain
electrical contact between the ramp conductive volume and the flexible circuit contact pad. In accordance with this
arrangement, ramp 360 may be formed, for example, by injection molding using Teflon® for non-conductive portions of
the ramp and carbon filled Delrin® for electrically conductive volume 522. The lift tab is gencrally at ground potential
by virtue of electrical communication with the actuator arm. When lift tab 354 contacts the landing surface, conductive
volume 522 and the associated trace in the flexible circuit are brought to ground potential. Of course, as an altemative to
a grounded lift tab, a separate, electrically isolated conductor {not shown] may be routed to the Iift tab atong the length of

the actuator arm for purposes of contacting landing surface 526 using an appropriate arrangement on lift tab 354.

111 With regard to both imp jons of head arr arm position monitoring mechanisms, it

should be appreciated that an unlimited number of modifications may be made by one having ordinary skill in the art in
view of this overall disclosure. All such modifications are considered to reside within the scope of the appended claims.
Irrespective of the specific manner in which the actuator arm position monitoring arrangement is implemented, the
advantages provided through its use are considered to provide sweeping and heretofore unavailable improvements ina

number of areas, as will be described at appropriate points hereinafter.

q112  Tuming now to Figure 7, an actuator arm position monitoring circuit is generally indicated by the reference
number 600, as shown within a dashcd box. This latter circuit generally forms a portion of the Storage Element and
cooperates with the actuator arm position monitoring sensor of the present invention, as diagrammatically illustrated and
indicated by the reference number 602 in the form of a switch within a dashed box. Any form of actuator arm position
monitoring sensor may be used, as described above or with suitable modifications. Circuit 600 includes signal drivers
604 and 606, a flip-flop 608 and a data register 610 storing five bits of information denoted.as bits 1, 2, ¢, x and y.
Register 610 is, in tum, accessible to previously described processing arrangement 302. As mentioned above, in certain
K jons where a itional IC is used, register 610 may be accessed by the processing arrangement using one

or more vendor unique commands. Alternatively, the register is read directly by the processing arangement. A resistor
R1 is connected to a Y+ power supply so as to pull-up the output of driver 606 along with the line leading to the actuator

arm positioning arrangement, as will be described.

9113 Processing amrangement 302 reads the status of actuator arm position monitoring circuit 600 using bits x and y.
Bit y indicates a current status of the actuatos arm pesition sensor. Signal driver 604 provides the current status value
both to the y register position and to a clock input of flip-flop 608. Other implementations may set D to a high logic
level. In the present example, the D input of flip-flop 608 is grounded. The x register value comprises an output Q of
flip-flop 608, as will be further described. It should be appreciated that high and low logic levels are not generally used

in the present discussion with regard to state indication since the circuitry is readily adaptable o use either logic value as
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a "true” value. Accordingly, a value indicative of the actuator arm sensor being in its closed position is considered as
true. The z register comprises an enable signal provided 10 an enable input of signal driver 606 which may be set by
processing arrangement 302, as desired. The t register position allows processing arrangement 302 to provide a logical
value that is driven onto the output of signal driver 306 when the latter is enabled by the appropriate value stored in the z
register position. In this way, test functionality is provided whereby a selected valuc may be placed on the output of
signal driver 606, irrespective of whether the actuator arm sensor switch is in its open position. The test value is then

available in register y via signal driver 604 for access by processing arrangement 302. The test value read from the y

register location can then be pared by the p: ing ar with the expected value to confirm proper

operation of the circuitry.

{114 For purposes of monitoring the status of the actuator arm position sensor during operation of the Storage

Element, flip-flop 608 may initially be reset by p i 302 upon m of the actuator arm away
from the parked position. That is, the x register value is reset while the actuator arm position sensing switch is open
(false) using the c register position. Accordingly, during ongoing access of media 340 (Figure 3) the x and y register
locations both store a false value. The x and y register values will change, however, once the actuator arm refurns even
briefly to the parked position. Initially, it is assumed that the actuator arm reaches the parked position so that lift tab 354
seats properly in deicnt 520. Once the actuator arm position sensor (in any of the aforedescribed implementations)
switches to the true state, a true value is presented by signal driver 604. This value is stored in register location y. At the
same time, the true value is presented to the clock input of flip-flop 608. Any voitage waveform edge provided to the
clock input of the flip-flop will cause the output of the flip-flop to toggle to the true value which is then saved in register
location x, as provided from the Q output of the {lip-flop. Thus, both the x and y registers store a true value. Upon
reading this condition, processing arrangement 302 is substantially assured that the actuator arm is in the parked position.
The foregoing describes parking in a "normal” manner. That is, the actuator arm is moved away from accessing the
magnetic media with just enough energy to slide 1ift tab 354 up the sloped face of ramp 360 to thereafier seat and be
captured in detent 520.

q115  Having described the result that obtains relative to monitoring circuit 600 when the actuator arm parks
normally, various scenarios will now be considered in which the actuator arm fails to reach the parked position in the
normal manner. in a first scenario, the actuator arm is simply moved with an insufficient amount of energy such that ift

tab 354 may engage the sloped face of ramp 360, but fails to reach detent 520. In this case, the x and y values will both

remain false. Upon sensing this ition, p ing arr 302 is jally assured that the actuator arm is
not parked or unloaded. One of ordinary skitl in the art will appreciate that the Storage Element or any HDD, for that
matter, is in grave danger of catastrophic failure in this scenario. The present invention, by producing an unequivocal
indication of this danger, provides that appropriate remedial actions may then be taken, as described at appropriate points

below.

4116  In a second scenario wherein the actuator arm fails to park normaily, the actuator arm is moved away from a
loaded position with excessive force applied thereto by the voice coil motor. In this regard, it should be appreciated that
the actuator arm is generally configured to encounter a stop (not shown) which prevents the actuator arm from

hooting ramp 360. L ly, however, the actuator arm may bounce off of the stop. Actuator arm position
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sensor circuit 600 will initially toggle to true values for both the x and y Tegisters. As a result of the bounce, however, the
y register value then toggles to false. Processing arrangement 302 observes a Irue value for x and a false value for y.
Generally, this status scen in the x and y registers is indicative of a bounce. The Storage Element or HDD employing this
arrangement is again in danger of catastrophic failure. Upon this obscrvation, remedial measures may be taken by
processing arrangement 302 including modification of the drive signal provided to the voice coil motor, as will be further

described.

f117  Attention is now directed to Figure 8 which is a partial cut-away view of voice coil motor end 346 of actuator
arm 344. Voice coil 350 is shown positioned between lower magnetic piate assembly 348 and an upper magnetic plate

for producing a static ic field between the

assembly 630. A magnet 632 forms part of the lower magnet
upper and lower assemblies. Actuator pivot 351 is also shown. Lines of magnetic flux are indicated by the reference
number 634 extending between the lower and upper magnet plate assemblies, cutting through voice coil 350. Applicants

have recognized that the voice coil end of the actuator arm exhibits a resonant frequency in a direction indicated by a

double-headed arrow 636. i more imp ly, have ized that, because the voice coil is positioned in a

magnetic field, an opportunity is provided for a remarkably i and ar directed to
monitoring the shock environment of the Storage Element as an operational attribute in the context of operation of the

Storage Element of the present invention.

4118  Referring to Figure 9 in conjunction with Figure 8, details with regard to monitoring the shock environment of

Storage Element 320 will be described. In view of the foregoing di jon, it should be appreciated that the voice coil
motor end of actuator arm 344 vibrates normal to its plane of motion for data access at its resonant frequency responsive
to the Storage Element being subjected to external shock forces having a component that is normal to the plane of the
actuator arm. Accordingly, voice coil 350 will move consistent with the direction illustrated by arrow 636. Since the
voice coil is exposed to magnetic flux lines 634, a voltage is generated by the voice coil responsive to this motion.
Generation of this voltage has been empirically verified by Applicants. Figure 9 illustrates one possible mechanical
shock monitoring circuit, generally indicated by the reference number 700, for utilizing the shock voltage. Voice coil 350
is diagrammatically shown. The voice coil is electrically connected 10 a pair of drivers 702 and 704 that are themselves
driven by control circuitry which has not been illustrated for purposes of simplicity. A conditioning circuit 706 includes
high impedance inputs connected across voice coil 350 to pick up the shock voltage signal induced in the voice coil.
Conditioning circuit 706 may include any necessary functionsuch as, for example, amplification and filtering. It should
be appreciated that the signal level of the induced shock voltage may be quite small such that significant gain is required
in order to increase the signal to a useful level dependent, of course, on the specific configuration of the voice coil motor

arrangement and the level of shock to be detected.

§119  Continuing with a description of the circuitry of Figure 9, a comparator 708 compares the output of signal
conditioner 3952 to a set point input of the comparator provided on a line indicated as "sens". This latter line serves as a
sensitivity adjustment which may be under the control of processing arrangcment 302. Moreover, the processing

arrangement may vary the tivity in with various i cir Alternatively,

the sensitivity may be set during factory calibration procedures. In the event that shock voltages are presented to the

comparator which exceed the current sensitivity setting, comparator 708 produces a square wave output that is received
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by a ciock input of a D type flip-flop 710. The D input of flip-flop 710 may be set to either 2 high or low logic level with
the latter being illustrated. Upon receipt of an input edge from comparator 708, flip-flop 710 toggles output Q which
then is loaded into a register 712 as a bit "s”. Like previously described register 610, register 712 may be located within
the Storage Element or on the host side proximate to processing arrangement 302. Any location is suitable s0 long as it is
readable by processing arrangement 302. Flip-flop 710 is reset using its clear input connected to a line that is controlled
by processing arrangement 302. The flip-flop may be reset immediately after reading the s bit or within the context of
ongoing processing operations. Upon detecting that the s bit is set, processing arrangement 302 may respond in a number

of alternative ways, as will be described below.

1120 Rcferring to Figure 2, as described above, entering the shock safe state of the Storage Element requires parking

or unload d 344. In this regard, the present invention recognizes that an awareness of the

position of the head arrangement is critical to ensuring the reliability of Storage Element 320. Having described several

pl ions of the head sensing featurc of the present invention, attention will now be directed to using

this feature in the context of a pumber of highly advantageous techniques.

§121  The shock environment scnsing arrangement of the present invention is considered as being highly
advantageous, particularly with regard to devices such as Storage Element 302 that are intended for use in portable
applications. As described previously, the shock monitoring feature of the present invention allows the processing
arrangement to gauge the shock environment of device 300 prior to initiating data storage or retrieval using the Storage
Element. This feature is readily combined with any other provision described herein for the purpose of mitigation of
mechanical shock effects on the operation of the Storage Element. Moreover, the shock environment is sensed within the
Storage Element itself so as to account for attenvation of shock forces resulting from shock mounting the Storage
Element within a portable device. Shock monitoring capability is also highly advantageous during test and development

of the Storage Element and is readily suited to any form of device, including an HDD, which utilizes a voice coil motor.

9122 Initially, it is noted that a number of prior art algorithms have becn developed for the specific purpose of
parking the head arr‘a‘ngemem‘ Such an algorithm may be implemented in a variety of different ways for this intended
purpose. Each individual algorithm may therefore operale incorporating one or more parameters, each of which
influences the reliability or probability that the head arrangement will, in fact, properly reach the parked position. Such

parameters may include, for example, the magnitude of a drive current which is used to drive the voice coil motor in

moving to the parked position, a specified position of the head from which to the parked position
is initiated and the velocity of the head amrangement. Accordingly, the focus of the present invention considers
adjustment of any parameters that are in use within a particular algorithm in osder to improve parking reliability. That is,

the effect of adjusting any one parameter or parameter combination is discernible through the teachings herein.

§123  Tuming now to Figure 10, a parking calibration method performed in accordance with the present invention is
generally indicated by the reference number 800. Calibration method 800 begins with a step 802 in which initial values
of the parameters are set within the particular parking sequence or algorithm to be applied. Thus, the initial values may
represent values which have been developed in any suitable manner. Step 804 then proceeds by using the initial values of

the parameters to actually execute the parking sequence. A read of the head position indicator of the present invention is
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subsequently performed by step 806. Step 808 then saves the result of this particular parking sequence execution,
indexed against the specific values of parameters which were employed. Following step 808, step 810 tests the result of
the current parking sequence. In the event that this sequence failed, execution moves to step 812 in which one or more
parameters are modified, as desired. As described above, one significant paramcter is the magnitude or duration of the
signal used as a drive signal to drive the voice coil motor arrangement in order 1o move the head arrangement to the

parked position. For illustrative convenience, parameter changes may be described with regard to modifying this voice

coil motor drive signal. 1t is to be und d that this techni: is equally licable to virtually any parameter and,
8 y

hence, is in no way limited 1o the voice coil motor drive signal.

9124 For the voice coil motor drive signal, the initial parameter seiting may use a particular magnitude that is

changed by some predetermined increment with each successive repetition of the parking sequence. It is to be

understood, in this regard, that a failure ition is typically ed by both i ing and di ing the voice
coil motor drive from the particular magnitude. In one instance, increasing the drive current sufficiently results in the
head arrangement bouncing off of the parking the head ar passes through the parked position

twice. In the other instance, decreasing the drive current sufficiently results in the head arrangement having insufficient
momentum to fully reach the parked position. Therefare, the voice coil motor drive current exemplifies a parameter
which exhibits both upper and lower failure values or thresholds. That is, this parameter is adjustable both up and down
in order 1o find an optimum value. In one feature, the optimum value may be selected as that value which is
approximately half-way in magnitude between the upper and lower magnitudes at which failure occurs. Other parameters
likewise exhibit upper and lower failure values such that this precept remains equally applicable thereto. When

performing calibration sequences relating to parameters having both upper and lower failure limits, it may be

d to vary the p from a higher or low magnitude which is aimost certainly outside of the operational
range that is defined between the upper and lower failure limits. In this way, the calibration procedure sweeps or passes
through the entire operational range between the limits such that both the upper and lower limits can be found in one
pass through the entire range of potential i of that p . Following p ification, exccution

moves back to step 404 to begin the parking sequence with the modified parameters.

4125 Still referring to Figure 10, if step 810 does not detect a failure in the parking sequence, step 814 is entered.
This latter step monitors the overall number of times that the parking sequence has been repeated for a particular
configuration of the parameters. 1f the current configuration of parameter settings has not been repeated N times,
execution is returned o step 804, The parking sequence will generally be repeated a statistically significant number of
fimes, indicated here as N, for each configuration of the parameters s0 as 10 establish a probability of the head

arrangement reaching the parked position for that particular configuration. For example, N might be equal to 100. A

single failure in attempting to reach the parked position out of 100 tries will g lly be idered as b

indicating a failure threshold.

9126 1f, on the other hand, the current parameter configuration has been successfully repeated N times, step 816 is
entered, In step 816, a decision is made as to whether the parking sequence is to be repeated with a different

configuration of the parameter settings. If that is the case, step 812 is executed whereby to modify the parameters

followed again by step 804. It should be appreciated that the specific i ion of step 816 is dep upon the
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particular algorithm that is employed by the parking sequence. Therefore, the parameter set may be modified in a
manner that is suited to the particular algorithm. In this regard, it is considercd that one having ordinary skill in the art is

capable of modifying any known algorithm parameter set either currently known or yet to be developed in view of this

overall di One possible imp jon might optimize one of the parameters which is initially considered to be
the most critical. Thereafter, other parameters within the group of parameters defined by the particular algorithm may be
modified on an individual basis. Stiil further modifications may include changes made to more than one parameter at a
time.

€127  Different calibration procedures may be employed dependent upon the state of product development. For

example, a rather exhaustive search for an optimum set of parameters may be performed using a relatively great number

of parameter configurations on a certain number of units produced in an initial production run. Having found that initial

set of optimum parameters, the parameter calibration process may thereafter be relaxed somewhat, using a lesser number |

of parameter configurations.

128 Once step 816 determincs that all of the parameter modifications targeted for execution have been completed, 2

probability set comprising all of the values used in the confi jons is available. Step 318 is performed
whereby 1o choose the set of parameters to be employed for operational purposes using the probability set. A number of
different objectives may be brought to bear in selecting the optimized set of parameters. As mentioned above, one
possible selection resides, for “two-valued” parameters, in choosing a midpoint between upper and lower failure values.
Jt is to be understood, however, that other objectives may also be considered. In the example of the voice coil motor
drive current parameter, a magnitude may be selected that is somewhat closer to the lower failure limit for purposes of
power conservation. This objective is particularly applicable in the instance of portable devices which operate on battery

power.

9129 In one highly advantageous feature, step 820 saves the optimized parameters on the magnetic media using the
head arrangement. During operation of the Storage Element, these parameters are retrieved and employed by the
processing arrangement, as will be further described at an appropriate point below. Therefore, each and every unit
produced may operate with a customized set of parameters in terms of parking calibration as well as other aspects of

operation, as will be further described.

130 Referring now to Figure 11, a highly advantageous parametcr tracking method is generally indicated by the
reference number 900. It is noted that this tracking method may be performed as an adjunct to the foregoing calibration
procedure, as will be further described. A production line is generally indicated by the reference number 902 having a
plurality of Storage Elements 320 coming off of the line for entry into method 900. Initially, it should be understood that
this method is advantageous in tracking changes that arc eccurring in the Storage Element, but which nonetheless might
otherwise go unnoticed, at least until these changes reach critical levels. Since different components which make up the
Storage Element are likely to be sourced from different vendors, it is possible that sufficient changes in one of these
components, cven where the vendor is unaware of drifting tolerance or composition changes, could uitimately produce
fatal problems during operation. The present invention, through the use of its head sensor position indication

arrangement, contemplates tracking performance drift in relation to certain characterizable aspects of performance. This
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overall technique may be referred to hereinafler as "trend characterization” or "parameter tracking”.

431 Still referring to Figure i1, method 900 begins by initially cstablishing start parameters in step 904. It should
be appreciated that several different approaches may be employed with regard to setting the start parameters. In one
approach, the parameters may be set so that failure to reach the parked position is virtually assured, The parameters may
then be adjusted in a direction toward what is known to be an operational value or range of operational valucs, in the
case of a parameter having both upper and Jower failure limits. In this manner, the failure threshold(s) for each
individual parameter and for subsets and/or the overall set of parameters may be established, as desired. In another

h, the are initialized in what is thought to be an optimized or at least operational state. The

PP s P

parameters are then adjusted in one or both directions toward the failure s). Again, ind may
be adjusted so as to find the failure threshold(s) of each parameter as well as finding associated failure thresholds for
subsets of parameters and the overall collection of parameters. Any set of values for the parameters at which a failure

threshold is present may be referred to as a failure configuration.

9132 Step 906 executes the parking sequence using the initial set of starting parameters. It is noted that execution of
the parking sequence throughout this overall disclosurc is assumed to begin from having the head arrangement
positioned for reading from the magnetic media or from some defined, but unparked position from which the parking
sequence algorithm is designed to start. In fact, this starting position may comprise one of the parameters of the parking
sequence algorithm. The starting position may define a fower failure limit or threshold nearest the parking arrangement

and an upper failure limit somewhat further away from the parking arrangement.

4133 Step 908 then reads the head position to establish whethcr or not the head arrangement reached the parked
position. In step 910, the result of step 908 is recorded for subsequent use. Step 912 then tests the number of times that
the parking sequence has been repeated. In this regard, the parking sequence may be repeated any number of times for a
particular set-up of parameters 5o as to assurc a sufficiently accurate determination of the probability of parking at those
settings. As one alternative, during this repetition of the parking sequence, the incidence of one failure may immediately

move the procedure to modification of the parking parameters.

9134 Having repeated the parking sequence for a particular setting of the parameters N number of times, step 914
establishes whether or not a failure threshold was found in view of the results stored in step 910. If a failurc threshold
was not found, step 916 modifies the parameter settings in a manner that is consistent with the parking algorithm being
employed. Thereafler, step 906 re-executes the parking sequence. Operation continues to establish whether or not a
failure threshold is found for the new settings of the parameters. When a failure threshold is found for a particular

of the parking p step 918 saves the failure configuration and determines whether the method is to

be applied to a different parametcr, subset or the overall group of parameters. 1f so, the foregoing process is repeated.
Otherwise, step 920 records the results for the particular unit having just been tested in the form of alt of its failure
configurations of interest, Step 922 then checks for another unit to be tested. Accordingly, any number of units may be
tested from an individual production run. More importantly, this overall process is applicable over tong-term periods of
time. For example, across the entirc number of Storage Elements produced having a particular model number. From

time to time, step 924 is cmployed whereby to compare the recorded failure configurations and specific values across all
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of these units. Step 925 is then used 1o establish trends in failure values with continued production of the unit. Thus,
impending problems may be averted. As an example, if frictional coefficients are trending upward as a result of changes
in the composition from which ramp 360 (see Figure 3) is formed, the lower recorded failure threshold value for the
drive current required to park the head arrangement will be observed to be trending upward. With this trend information
in hand, an investigation may be undertaken to asceriain what is causing the increase in the requircd magnitude of
current. In this manner, any number of developing problems may be identified. Applicants consider this process as being

highly advantageous, since operational conditions are maintainable wel} separated from ascertained failure thresholds.

9135 Although methods 800 and 900, illustrated in Figures 10 and 11 respectively, are described separately for
purposes of clarity, it should be appreciated that these methods arc combinable in view of this overall disclosure. That is,

jally all of the foregoi libration and trend tracking information may be determined once threshold value limits
embraced by failure configurations for the parameters i any particular parking algorithm have been established. In this

regard, the steps of the described methods may be changed in sequence and/or modified in any suitable manner so long

as the teachings herein are applied. Morcover, these mcthods are i to be appli to the production of
virtually any hard disk drive. The benefit of an optimized parking algorithm will significantly enhance reliability of any

hard disk drive through application of the teachings herein.

Y136  Having described the use of the head arrangement sensing feature of the present invention for the purpose of
calibration and trend tracking, attention is now directed to certain aspecis of the use of this feature during operation of
the Storage Element or, of course, during the operation of any hard disk drive produced having the head arrangement
sensing feature of the present invention. As mentioned above, an awarcness of the position of the head arrangement is
critical to reliable operation of any hard disk type storage amangement, particularly when the head arrangement is
supposed 1o be parked. That is, if the head arrangement is inadvertently moved away from its parked position, for
example, due to the receipt of an external shock force, its transducer s likely to be torn losc as a result of non-rotational
contact with the magnetic media disk. The head arrangement sensing feature of the present invention is highly
advantageous, in the first instance, by providing the ability to actually confirm that the head arrangement has been
received in the parked or unloaded position. Moreover, having initially confirmed that the head arrangement is received
in the parked position, its status may readily be re-confirmed, as desired. One particular application for the use of head

arrangement sensing feature of the present invention will be described immediately hereinafter.

€137  Tuming now to Figure 12, an advanced parking control and monitoring sequence, performed in accordance with
the present invention, is generally indicated by the reference number 1000. Method 1000 is performed by processing
arrangement 302 within device 300. It should be appreciated, however, that the method is readily adapted for use in any
form of hard disk drive arrangement. Method 1000 begins with step 1002 in which a parking sequence is initiated. The
parking seq ployed may utilize having values identified and selected, for example, using highly

advantageous calibration procedure 800 described above. Again, any suitable parking algorithm may be employed within
1

the overall context of this method. Following step 1002, in step 1004, the p ing ar reads the p
status of the head arrangement. Step 1006 then produces an indication based on this read. The indication may be
provided in a wide variety of different ways. In one feature, an interrupt may be generated for receipt by the processing

arrangement. In another highly advantageous feature, the indication is produced and stored in a register, The latter may
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be located within the Storage Element itself for subsequent access by the processing arrangement. Alternatively, the
register may be located at any suitable location within the overall device so long as the processing arrangement has
access thereto. This read may be performed in any suitable manner. For example, the processing arrangement may
directly read the head position sensing arrangement. As an alternative, register 610 described with respect to Figure'3

may be rcad. If the indication, for example, per the x and y bits of register 610, shows the head arrangement to be
Y ple, p 34 B

properly parked, stop step 1008 is executed.

9138 If, on the other hand, the bits indicate that the head arrangement is not parked, step 1010 is performed in which
an additional parking sequencc is executed using the same parameter settings. Thereafter, step 1012 increments a
recovery sequence counter (not shown). As will be seen, the recovery sequence counter counts the number of times that
the parking sequence is repeated using its initial set of parameters. Step 1014 then tests the number of times which the
parking sequence has been repeated. This sequence continues until the limit is encountered. The limit may be set, for

example, in the range from 1 to any useful number of attempts.

9139 Once the limit has been encountered, step 1016 performs a terminating parking sequence which is different
from the parking scquence that is employed in the initial part of the method. The terminating parking sequence may be
developed in view of a number of different considerations. For example, terminating parking sequence may vary the
parameter settings in view of the bit seitings in register 610. Specifically, as mentioned above, if one of the bits is set,
while the other bit is not set, the head arrangement has most likely bounced off of the parking arrangement. Accordingly,
the parameter corresponding to the voice coil motor drive current may be reduced in magnitude for purposes of the
terminating parking scquence. On the other hand, if both of the bits are not set, the head arrangement has most likely not
reached the parked position by virtue of lack of momentum. Therefore, the parameter corresponding to the voice coil
motor drive current may be increased in magnitude for use in the terminating parking sequence. Following step 1016,

step 1018 again tests the status of the head arrangement’s position.

7140 While steps 1016 and 1018, in combination, illustrate the terminating parking sequence as a one pass-through

it is to be und d that this

procedure for purposes of clarity and for facilitating brevity of this
parking sequence may encompass a repetitive process which bears some relationship to the calibration procedure of
method 400 described above. That is, parameter magnitudes may be varied in incrememal steps with repetition of the

parking sequence, accompanied by testing the result of each variation.

141 Step 1020 performs a final check of the head arrangement position. If a parked indication is obtained, the
procedure may terminate at stop step 1008. If the indication continues to show that the head arrangement is not parked,
step 1022 generates a notification indicating to the device user that a problem has been encountered which is apparently
unrecoverable. The notification may be provided in any suitable form such as, for example, in an audio and/or visuat
form. The foregoing procedure may be modified to suit any number of operational considerations. For example, the
number of times that the parking sequence is repeated with any configuration of its parameters may be controlled, at least
in part, by time constraints imposed through the overall operation of the device. Still further steps may be added to the
overall process with the intent of enhancing the probability of survival of the Storage Element or other such hard disk

drive type device. For example, following failure of the terminating parking sequence to achieve an indication that the

36

JP 2005-503638 A 2005.2.3



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(104)

WO 03/025932 PCT/US02/28987

head arrangement is parked, the voice coil motor drive signal may be issued at a level which is intended to hold the

transducer(s) of the head arrangement just outside the outer diameter of the magnctic media.

4142 Having described the head position sensing arrangement of the present invention and its use in a number of

highly advantageous processes, it will be appreciated that the present i ion provides ping ges over the

state-of-the-art. As is the case with any of the metheds described herein, the ordered sequence of steps and specific

design of individual steps and/or binations thcreof which make up method 1000 are considered to be within the

scope of the present invention, as modified by one having ordinary skill in the art in view of this disclosure.

9143 Referring to Figure 13 in conjunction with Figure 2, attention is now directed to a highly advantageous
test/programming board, generally indicated by the reference number 1100. Board 1100 includes a processor 1102, a
controller 1104, a channel programming routines section 1106 and a connector 1108 configured for temporarily
accepting the free end of flexible circuit 330 (partially shown) during the manufacturing process. Previously described
connector 332 may be used as connector 1108, provided that it will accommodate repeated connect and disconnect
cycles. In this regard, board 1100 is physically configured for temporary mating with Storage Element 320 during
manufacturing for the purpose of customizing channet 1C 500. This physical connection may be accomplished, for
example, using plastic clips. Because the physical arrangement of board 1100 and Storage Element 320 may be
accomplished in an unlimited number of ways, within the capability of one having ordinary skill in the art, a particular
physical armrangement has not been illustrated. For example, an electrical interconnection arrangement may include a first
portion forming one part of the Storage Element and having a second portion forming another part of the

board for detachably electrically ing the digital storage arrangement to the programming

P
arrangement. In one embodiment, one of the first and second portions of the said interconnection arrangement may

include a set of resilient contact members and the other one of the first and second portions may include a set of contact

pads electrically connectable with the resitient contact members for use in programming the channel.

1144 Channel programming routines section 1106 comprises an appropriate form of memory (e.g., ROM in
combination with RAM) loaded with programming for exccution by processor 1102 to issue native code instructions to
controller 1104. The fatter is configured in essentially the same manner as a prior art hard drive controller. That is,
controller 1100 is configured to execute the native code of Storage Element 320 as a requirement to customizing channel

I

1C 320. 1t should be appreciated that board 1100 is g to p its ization and test i in an

automated manner, thereafter, to provide a result from processor 1104 using an indication section 1110. As an example, a
green light 1112 and a red light 1114 may give a pass/fail indication as 1o the status of the particular Storage Element.
More detailed information may be provided, as desired, by using an LCD display (not shown), for example, to isolate

problematic manufacturing concerns.

4145 Still referring to Figures 2 and 13, having described test board 1100 and its general use with Storage Element
320, a number of associated advantages and features will now be described, It is important to appreciate that the
functionality required to customize channel IC 500 is not required in device 300. The customization process need only be

channel, in d with the present invention,

performed one time during ing since the

remains with the Storage Element. This feature resuits in savings with regard to manufacturing costs associated with
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Jevice 300. Moreover, any functionality of controller 1104 directed to the customization and testing process are not
necded in device 300. The reader will recall that processing arrangement 320 of device 300 executes the native code of

the Storage Blement. Essentially, processing arrangement 302 serves in one role as a controller, without the need for test

functionality which is necded in controller 1104, In this regard, any requi for an upgraded p: in the end
device, in order to execute channel programming, are avoided. It should be appreciated that the present invention
contemplates a pre-existing compatibility between prior art devices and the Storage Element of the present invention.

That is, as described above, ing power ded d to the operation of the Storage Element may be deliberately

limited to unused capabilities of processors already present in the architecture of a particutar device. At the same time,
the teachings of the present invention are readily practiced in "upgraded” devices, yet to be developed, in a way which

provides even fusther performance enhancements in these devices.

4146  Another advantage, with regard to test board 1100 and which is dircctly applicable to consideration of cost-
reduction, is found on the basis that a limited number of test boards arc needed within the context of any one overall

manufacturing process. That is, the required number of test boards is limited by the number of Storage Elements

ilable for channel p ing at any one point in time. In this way, a single test board may be used over time to

channel program and test a great number of Storage Elements. It should be appreci d that, in the absence of this
arangement, savings attendant to elimination of the need for a controller in Storage Element 320 would be offset

wherein a test board was usable on only a single or very limited number of cccasions.

1147 A further advantage is provided by the present invention due to its compatibility with traditional manufacturing
and test procedures. In particular, only two, almost insignificant steps are added to the manufacturing process in which
test board 1100 is first physically connccted with a Storage Element and then, after channel programming and testing,
disconnected from that Storage Element. In this regard, it should be appreciated that cost savings provided in an end use
device can be far outweighed where a sufficiently significant revamping of the manufacturing process is needed to

produce that cost savings.

4148 Since the Storage Element, devices in which the Storage Element is used and associated method disclosed
herein may be provided in a variety of different configurations and the method may be practiced in a variety of different
ways, it should be understood that the present invention may be embodied in many other specific ways without departing
from the spirit or scope of the invention. Therefore, the present examples and methods are to be considered as illustrative
and not restrictive, and the invention is not to be limited to the details given herein, but may be modified within the

scope of the appended claims.

4149 To conclude, this disclosure has revealed a digital Storage Element is described. A device is configured
including a Storage Element for access by a user responsive to a native control code. A processing arrangement executes
a control program for controlling the overall device and executing at least a portion of the native control code as part of
the control program for interfacing with the Storage Element. A programming arrangement is provided separate from the
device for customizing a read channel within the Storage Element. Command, user interaction and data transfer

are di 1 for mitigation of potential mechanical shock effects. Status indications relating to the Storage
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Element are provided including head position and mechanical shock. Calibration, test and operational monitoring
procedures, for using head position status, are described. Failure configuration monitoring is provided in tracking overall

performance and design considerations,
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WHAT IS CLAIMED IS:

1. In a device configured for access by a uscr, an assembly comprising:

an electromechanical digital data storage ar configured for i ponsive to a native control
code; and

a processing arrangement which exccutes a control program for controlling the overall device and which
exccutes at least a portion of said native control code as part of said control program for use in directly interfacing with

the storage arrangement.
2. The assembly of Claim 1 configured for use in said device in a portable form.

3, The assembly of Claim 1 wherein said storage arrangervent includes a rotatable media and a motor

arrangement for accomplishing rotation of the rotatable media and wherein said i is d for
controlling certain atiributes of the storage arrangement at least including starting and stopping rotation of the rotatable

media using said motor arrangement.

4. The assembly of Claim 3 wherein the rotatable media is optical and wherein the processing arrangement is

configured at least for controlling reading from the optical media.

5. The assembly of Claim 3 wherein the rotatable media is magnctic and wherein the processing arrangement is

configured at least for controlling reading from and writing to the magnetic media.

6. The assembly of Claim 1 wherein said storage arrangement includes a rotatable media, a motor arrangement

for accomplishing rotation of the rotatable media and a sensing for to access the

rotatable media during rotation and wherein the pi i is d for tling certain attributes of

the storage arrangement, including movement of the sensing arrangement.

7. The assembly of Claim 6 wherein the portion of native code executed by the processing arrangement includes

code designed for moving the sensing arrangement.

8. The assembly of Claim 6 wherein the portion of native code executed by the pracessing amrangement includes

code designed for selective control of the rotation of the rotatable media.

9. The assembly of Claim 1 wherein said device includes a user access arrangement for receiving a user

interaction under control of the CPU and the storage arrangement includes one or more operational attributes under

Hed

ina ined way resp to the user 1 ion 10

control of the p that are

perform a data interchange sequence using the digital storage arrangement.

10. The asscmbly of Claim 9 wherein said user interaction between the user and the device requires a first time
period and said data interchange sequence requires a second time period using the digital storage amrangement and

wherein said CPU controls the digital storage arrangement in said predetermined way by initiating the second time
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period when no more than an initial portion of the user interaction defines no more than an initial portion of the data

interchange scquence,

11. The assembly of Claim 9 wherein the user interaction between the user and the device defines a command

that is entered by the user over a first time period and interpreted by the p i and ion of the
command requires a series of control events during which the processing arrangement controls the digital storage

ar and said p i initiates at least 2 first control event of said series of control cvents during

the user interaction between the device and the user.

12. The assembly of Claim 11 wherein the p ing art: is p d, upon pletion of the first

control event, to sequentially initiate additional ones of the control events during the user interaction such that a next one
of the additional control cvents is initiated upon completion of a current one of the additional controt events until the
series of control events is complete and so that a maximum number of the additional data control events is completed

during the user interaction.

13. The assembly of Claim 1 wherein the device is responsive to an input which defines at least a first data

transfer using the storage arrangement and wherein the p ing delays ion of the first data transfer

using the storage arrangement until the user accesses the device.

14. The assembly of Claim 13 wherein said device includes an external communication arrangement and

wherein said input originates from a communication received by the external communication arrangement.

15. The assembly of Glaim 1 wherein said device includes a user access arrangement for receiving at least a first

user interaction which defines at least a first data transfer to be executed under control of the processing arrangement.

16. The assembly of Claim 15 wherein said first user interaction defines a second, subsequent data transfer and
said processing arrangement is programmed to execute the second data transfer in a second user interaction initiated by

the user.

17. The assembly of Claim 16 wherein the second user interaction requires a data access to the

1 data storage and said bly is configured to perform the data access during the

second user interaction.

4

18. The bly of Claim 16 including an e} ic memory ar having a d storage

capacity and wherein the p ing ar loads the el ic storage to its preds d storage

capacity during the first data transfer such that data loaded in the electronic memory arrangement is usable as

electronically stored data without the need to access the storage arrangement.

19. The assembly of Claim 18 wherein said device is configured for using the clectronically stored data in a

predetermined way and said assembly includes an arrangement for tracking use of the electronically stored data.
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© 20. The assembly of Claim 19 whercin the device is configured for using the electronically stored data in

1 icall

stored data by identifying a

producing an audio signal and wherein the p i tracks the

portion of data that has been used to produce audio at feast once.

21. The assembly of Claim 19 wherein said first user intcraction defines a total data transfer including the first
data transfer as a portion thereof that exceeds the predetermined storage capacity of the electronic memory arrangement

50 as to initially fill the electronic memory arrangement and wherein the second data transfer, performed during the

second user interaction, replaces data in the el ic memory ar that has previously been used.

22. The assembly of Claim | wherein a user interaction between the user and the device defines a command,

and said p ing ar initiates ion of the d prior to ipletion of the user i ion such that

the command is only partially defincd at onset of execution.

23. The assembly of Claim 22 wherein the command defines a read operation to read from the digital storage

arrangement.

24, The assembly of Claim 22 wherein the command defines a write operation to write digital data to the digital

storage arrangement.

25. The assembly of Claim 22 wherein the d requires the p i to access the digital

storage arrangement.

26. The assembly of Claim 25 wherein the processing arrangement is programmed to control the digital storage

arrangement at least partialty simultaneously during the user interaction.

27. The assembly of Claim 22 wherein said command is designed to invoke at least partial execution of the

command prior to conclusion of the user interaction.

28. The assembly of Claim 22 wherein said device includes a user interface arrangement that is engaged by the
user such that the user interaction extends over a time period during which the user physically contacts the user interface

arrangement and wherein at lcast an initial portion of said command defines a data transfer using said storage

and said said p ing and said storage arrangement are designed to cooperate in

a way which results in completing execution of the data transfer at least upon conclusion of the user intcraction.

29. The assembly of Claim 22 wherein said storage arrangement includes a rotatable media for storing said

digital i ion and a motor for ishing rotation of the rotatable media responsive to the

p and the p i is d to at least spin-up the rotatable media using the
‘motor arrangement in preparation for data access and responsive to partial cntry of the command during the user

interaction.

30. The assembly of Claim 29 wherein said device includes a user interface arrangement that is engaged by the

user such that the user interaction extends over a time period during which the user physically contacts the user interface
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arrangement and wherein said d, said p h and said storage arrangement cooperate such that
the data access is completed at least upon h of the user i i
31. The bly of Claim 29 including an ¢l memory ar wherein said p

arrangement is programmed to execute the data access by reading certain information from the digital storage
arrangement after spinning up said rotatable media and for transferring that certain information to said electronic
memory arrangement such that the certain information is available without the need to access the digital data storage

arangement.

32. The assembly of Claim 1 wherein the storage arrangement is installed in the device in a way that is not

intended for physical access thereto by the user.

33. In a device configurcd for access by a user and including a processing arrangement, a method comprising
the steps of:

providing an electromechanical digital data storage arrangement configured for operation responsive to a native
control code; and

executing a control program using a processing arrangement for controlling the overall device, which control
program execntes, as a portion of said control program, at least a portion of said native control code for use in directly

interfacing with the storage amangement.

34, The method of Claim 33 wherein said digital storage arrangement includes a rotatable magnetic media and a
motor arrangement for accomplishing rotation of the rotatable media and said method includes the step of starting and

stopping rotation of the rotatable media using said motor tled by the

35. The method of Claim 33 wherein said digital storage arangement includes a rotatable media and a sensing

ar d for 1o access the rotatable media during rotation and said executing step includes the

of said sensing using said p 3 with said native code.

step of

36. The method of Claim 33 wherein said device includes a user access arrangement for receiving a user

interaction under control of the processing arrangement and wherein said executing step includes the steps of controlling

one or more operational attributes of the digital storage using the p ing ar ina
predetermined way responsive to the user interaction to perform a data interchange sequence using the digital storage

arrangement.

37. The method of Claim 36 wherein said user interaction between the user and the user access arrangement of
the device requires a first time period and said data interchange sequence requires a second time period using the digital
storage arrangement and wherein said exccuting step includes the steps of controlling the digital storage arrangement in
said predetermined way by initiating the sccond tiine period when no more than an initial portion of the user interaction

defines nio more than an initial portion of the data interchange sequence.

38. The method of Claim 36 including the step of interpreting the user i ion to define a d based

on interaction between the user and the device which command is entered by the user over a first time period, said
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command requiring execution of a series of data contro} events, and said executing step further including the step of
controlling the digital storage arrangement by initiating at least a first data control event of said scries of data contro}

cvents during the user interaction between the device and the user.

39. The method of Claim 38 including the step of, upon completion of the first data control event, scquentially
initiating additional ones of the data control events during the user interaction such that a next one of the additional data
control events is entered upon completion of a current one of the additional data control events until the series of data
control events is complete and so that a maximun number of the additional data control events are completed during the

user interaction.

40. The method of Claim 33 including the steps of interpreting a user interaction between the user and the
device 50 as 10 define a command and said cxecuting step includes the step of initiating execution of the command using
the processing arrangement prior to completion of the user interaction such that the command is only partially defined at

onset of execution.

41. The method of Claim 40 wherein said executing step includes the step of controlling the digital storage

ar with the processii at least partially simultaneously during the user interaction,
42. The method of Claim 40 including the step of designing said to invoke at least partial execution
of the d prior to ion of the user

43. The method of Claim 40 wherein said device includes a user interface arrangement that is engaged by the
user such that the user interaction extends over a time period during which the user physically contacts the user interface

arrangement and wherein said method includes the step of designing said command such that at least an initial portion of

the command defins a data transfer using said storage so that the the p
and said storage arrangement cooperate in a way which results in completing execution of the data transfer at least upon

conclusion of the user interaction.

44. The method of Claim 40 wherein the storage arrangement includes a motor arrangement for accomplishing

Totation of the rotatable media responsive to the processing arrangement and said executing step includes the step of at

least spinning up the rotatable media in preparation for data access responsive to partial entry of the command during the

user interaction.

45. The method of Claim 44 including the steps of providing an electronic memory arrangement in said device
and said executing step includes the steps of performing the data access with said processing arrangement by reading
certain information from the storage arrangement after spinning up said rotatable media and transferring that certain

to said el ic memory such that the certain information is available without the need to

access the storage arrangement.

46. The method of Claim 33 wherein the device is responsive to an input, other than a user access, which
requires at least a first data transfer using the storage arrangement and said executing step includes the step of delaying

execution of the first data transfer by said processing arrangement until the user accesses the device.
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47. The method of Claim 46 wherein said device includes a user access arrangement used by said user to
produce said input in a first user interaction and said input defines at least a second, subsequent data transfer and wherein

said executing step executcs the second data transfer in a second user interaction initiated by the user.

48. The method of Claim 33 wherein said device includes a user access arrangement for receiving at least a first
user interaction and said executing step includes the step of recognizing at least a first data transfer to be executed under

control of the processing arrangement based on the first user inleraction.

49. The method of Claim 48 including the step of izing a second, data transfer based on said

first user interaction and exccuting the second data transfer using the processing arrangement during a second user

interaction initiated by the user.

50. The method of Claim 48 wherein said device includes an electronic memory arrangement having a

predetennined slorage capacity and wherein the p 2 loads the el ic storage ar toits
predetermined storage capacity during the first data transfer such that data loaded in the electronic memory arrangement

is usable as electronically stored data without the need to access the storage arrangement.

51. The method of Claim 50 wherein said executing step includes the step of defining a second, subsequent
data transfer based on said first user interaction and wherein a subsequent user interaction requires a data access to the

lectr ical data storage and said ing step further includes the step of performing the data

access during the user i ion along with ing the second data transfer.

52. The method of Claim 50 including the steps of using the clectronically stored data in a predetermined way

and identifying that portion of the electronically stored data that has been used.

53. The method of Claim 52 including the step of using the electronically stored data to produce a playback
audio signal and said identifying step includes the step of tracking the portion of data as having been used for playback at

Jeast once.

54. The method of Claim 33 wherein said device includes an external communication arrangement for

generating an input, other than a user access, to the ar and said ing step includes the step of

responding lo the input by generating a pending data fransfer to be executed at a particular time.

55. The method of Claim 54 whercin said executing step exccutes the pending data transfer during a user access

by said user.

56. The method of Claim 52 wherein said input defines a total data transfer, including the first data transfer as a
portion thereof, that exceeds the predetermincd storage capacity of the electronic memory arrangement and wherein a
second data transfer, performed during the second uscr interaction, replaces data in the electronic memory arrangement

that has previously been used.
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57. An assembly, comprising:

a digital data storage arrangement including a rotatable read/write media, a head arrangement configured for
reading and writing the rotatable media and a programmable channel at least for forming an interface between the
rotatable media and the head arrangement; and

tectricall

a duced scparate from the digital storage arr is ly

P P

with the digital storage arrangement at least sufficient to program the channel in a particular way that serves to customize
the interface formed by the channel between the rotatable media and the head arrangement such that the digital storage
arrangement is later usable, without the programming arrangement, in an end installation including the customized

channel.

58. The assembly of Claim 57 further comprising an electrical interconnection arrangement having a first
portion forming one part of the digital storage arrangement and having a second portion forming another part of the
ing ar for clectrically ing the digital storage arrangement to the programming

p

arrangement.

59. The assembly of Claim 57 where one of said first and second portions of said electrical interconnection
arrangement includes 2 set of resilient contact members and the other one of said first and second portions includes a set

of contact pads electrically connectablc with the resilient contact members for use in programming said channel.

60. The assembly of Claim 58 wherein the digital storage arrangement includes a flexible circuit at least for

electrically interconnecting the digital storage ar to the ing arr and wherein said channel is

supported by and clectrically connected to the flexible circuit.

61, The assembly of Claim 60 wherein the flexible circuit includes an attachment end connected to the
programming arrangement and configured for attachment 1o said end installation such that the customized channel

remains on the flexible circuit in the end installation,

62. The assembly of Claim 61 wherein the flexible circuit in the end installation serves, at least in part, to
provide mechanical shock isolation for the digital storage arrangement from mechanical shock events to which the end

installation is subjected.

63. A method for use in optimizing a digital channel for use in a digital device including a digital storage
amangement having a rotatable read/write media, a head arrangement configured for reading and writing the rotatable
media and a programmable channel at least for forming an interface between the rotatable media and the head

arrangement, said method comprising the steps of:

providing 2 separate from the digital storage arrangement;

configuring the ' for electrical ion with the digital storage arrangement at least

sufficient to program the channel in a particular way;
customizing the interface formed by the channel between the rotatable media and the head arrangement using
the programming arrangement such that the digital storage arrangement is Jater usable, without the programming

arrangement, in an end instatlation within said digital device including the customized channel.
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64. The method of Claim 63 including the steps of electrically i ing the digital storage arrangement
to the programming arrangement with a flexible circuit and supperting the channel physically on and electrically

connected through the flexible circuit.

65. The method of Claim 64 including the steps of configuring the flexible circuit with an attachment end,

the end to the p i o ize the channel, ing the h end

from the i and re ing the h end 1o the end installation such that the customized

channel remains on the flexible circuit in the end installation.

66. The method of Claim 65 including the step of mounting the digital storage arrangement in the end
installation such that the flexible circuit serves, at least in part, to provide mechanical shock isolation for the digital

storage arrangement from mechanical shock events to which the end installation is subjected.

67. A system for providing a digital storage arrangement for end use in an end device, said system comprising:

a rotatable read/write media forming a first part of said digital storage arrangement;

a head arrangement forming a second part of said digita) storage arrangement and configured for reading and
writing the rotatable media;

a programmable channe] forming a third part of said digital storage arrangement and configured at least for
forming an interface between the rotatable media and the head arrangement; and

a programming arrangement, produced separate from the digital storage arrangement, configured for electrical
connection with the digital storage arrangement at lcast sufficient to program the channel in a particular way that serves
10 customize the interface formed by the channel between the rotatable media and the head arrangement such that the

digital storage arrangement is later used in said end device including the customized channcl.

68. The system of Claim 67 wherein said programming arrangement includes at least a minimum set of
programming functions and said system further includes a control arrangement forming part of said end device and
configured for controlting said digital storage arrangement without a need for said minimum set of programming

functions. .

69. The system of Claim 67 wherein the digital storage arrangement includes a flexible circuit for electrically

interconnecting the digital storage ar to the p i and wherein said channel is supported

by and electrically connected to the flexible circuit.

70. The system of Claim 69 wherein the flexible circuit includes an attachment end connected to the
programming arrangement and the end device includes a connection arrangement configured for attachment to said

attachment end such that the customized channe! remains on the flexible circuit in the end device.

71. The system of Claim 69 wherein the flexible circuit in the end installation serves, at least in part, to provide
mechanical shock isolation for the digital storage arrangement from mechanical shock events to which the end

installation is subjected.
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72. A method for providing a digital storage arrangement for end use in an end device, said method comprising
the steps of:

forming the digital storage arrangement including (i) a rotatable read/write media, (ii) a head arrangement
configured for reading and writing the rotatable media, and (iis) a programmable channel for forming an interface
between the rotatable media and the head arrangement;

a i separate from the digital storage arrangement, for electrical

connection with the digital storage arrangement at least sufficient to program the channel in a particular way that serves

to custornize the interface formed by the channel between the rotatable media and the head arrangement;

thep ing arw: with said digital storage arrangement; and

using the programming arrangement to program the channel such that the digital storage arrangement is later

usable in said end device including the customized channel.

73. The method of Claim 72 wherein the channel is p d using a mini set of

functions and said method further includes the steps of installing the digital storage arrangement, including the
customized channel, in said end device and configuring the end device with a control arrangement not having said

‘minimum set of programming functions for controlling said digital storage arrangement.

74. The method of Claim 72 wherein the step of forming the digital storage arrangement includes the steps of

clectrically interconnecting the digital storage ar to the ¥ using a flexible circuit and

supporting the channel on the flexible circuit.

75. The method of Claim 74 wherein the step of electrical interconnection using the flexible circuit in the end
installation serves, at Ieast in part, includes the step of using the flexible circuit for the digital storage arrangement from

mechanical shock events to which the end installation is subjected.

76. In a device having a user access for receiving a user i ion and including a p ing
the imp L
a command execution arrangement for interpreting the user interaction in a way that defines a command to be
executed by the processing arrangement and for initiating the ion of the d prior to ination of the user
interaction.

77. The improvement of Claim 76 further comprising:

a digital data storage arrangement for storing digital information under control of said processing amrangement

wherein said command defines a data access that uses the digital storage ar and said ing ar is
programmed to initiate cxecution of the data access responsive to partial entry of said command during said user

interaction.

78. The improvement of Clair 77 wherein the digital storage arrangement is installed in the device in a way

that is not intended for physical access thereto by the user.
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79. The improvement of Claim 77 wherein said digital data storage ar isel hanical inchidt
a rotatable media for storing said digital infc ion and a motor for ishing rotation of the rotatable

media responsive to the processing arrangement and the processing arrangement at least spins up the rotatable media in
preparation for the data access using the motor arrangement responsive to partial entry of the command during the user

interaction.

80. The improvement of Claim 76 wherein said command is configured such that the data access is completed

at Jeast upon conclusion of the user interaction

81. The imp of Claim 79 including an el ic memory ar wherein said processing

arrangement is programmed to execute the data access by reading certain information from the digital storage

arrangement after spinning up said rotatable media and for transferring that certain information to said electronic
memory arrangement such that the certain information is available without the need to access the digital data storage

arrangement.

82. The improvement of Claim 81 wherein said electronic memory arrangement includes a capacity which
Jimits a potential size of the data access such that the data access is completed at least upon conclusion of the user

interaction.

83. The improvement of Claim 76 wherein said user interaction between the user and the device requires a first

time period and said command requires a sccond time period for ion by the p; ing and wherein
said processing arrangement controls the digital storage arrangement by initiating the second time period when no more

than a portion of the first time period has elapsed.

84. The improvement of Claim 76 wherein the p isp upon pletion of a

first one of the series of data 1 i to ially initiate addi 1 ones of the series of data interactions during

the user interaction such that a next one of the scries of data interactions is initiated upon completion of a current one of

the series of data interactions until the series of data i ions is ipletc and so thata i number of the

dditional data i clions is d during the user interaction.

85. The improvement of Claim 76 wherein said command is entered by the user over a first time period and

execution of the command requires a series of data i ions with the p ing ing the storage

ar and said p i initiates at least a first data interaction of said series of data interactions

during the first time period when the device and the user are engaged in said user interaction.

86. The improvement of Claim 85 wherein said digital data storage is
a rotatable media for storing said digital information and a motor arrangement for accomplishing rotation of the rotatable

media ive to the p ing arr and the pi ing ari is gured to at least spin up the

rotatable media in preparation for data access using the motor arrangement responsive to initiation of the first one of the

series of data interactions.
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87. The improvement of Claim 86 wherein said digital storage arrangement is installed in the device in a way

that is not intended for physical access thereto by the user.

88. The improvement of Claim 86 wherein the command defines a read operation to read from the digital

storage arrangement.

89. The improvement of Claim 86 wherein the command defines a write operation to write digital data to the

digital storage arrangement.

90. The improvement of Claim 88 wherein the processing arrangement is configured to control the digital

storage arrangement for an interval at least partially overlapping the user interaction.

91. The improvement of Claim 76 wherein said command is designed to invoke partial execution of the

prior to of the user i

92. In a device having a user access for ing a user i ion and i ap ing
arrangement, a method comprising the steps of:

interpreting the user interaction in a way that defines a command to be executed by the processing arrangement;
and

initiating the execution of the d prior to ination of the user i

93. The method of Claim 92 further comprising the steps of providing a digital data storage arrangement for
storing digital information under control of said processing arrangement and wherein the step of interpreting the user

interaction further defines the command as requiring a data access that uses the digital storage arrangement and said

method further includes the step of initiating execution of the data access, using the i P

to partial entry of said command during said user interaction.

94. The method of Claim 93 including the step of installing the digita] storage arrangement in the device in a

way that is not intended for physical access thereto by the user.

95. The method of Claim 93 wherein said digital data storage ar is hanical including a
rotatable media for storing said digital infc ion and a motor for ishing rotation of the rotatable
media ive to the p ing and said method includes the step of at least spinning up the rotatable

media in preparation for data access using the motor arrangement responsive to partial entry of the command during the

user interaction.

96. The method of Claim 95 including the steps of (i) providing an electronic memory arrangement having a

storage capacity, (ii) p said p i to execute the data access by reading certain information
from the digital storage arrangement after spinning up said rotatable media, and (iii) transferring that certain information
10 said clectronic memory arrangement such that the certain information is available without the need to access the

digital data storage arrangement.
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97. The method of Claim 96 including the step of limiting the storage capacity of the electronic memory
arrangement 5o as 10 limit the size of the certain information such that the data access is completed at least upon

conclusion of the user interaction.

98. The method of Claim 93 ding the step of desi said d such that the data access is

completed at least upon conclusion of the user interaction.

99. The method of Claim 92 wherein the user interaction requires a first time period and said command requires

a second time period for ion by the p B said method further comprising the step of providing

a digital data storage arrangement for storing digital information under control of said processing arrangement and
wherein the step of interpreting the user interaction further defines the command as requiring a data access that uses the
digital storage arrangement and said initiating step includcs the step of controlling the digital storage arrangement by

initiating the second time period when no more than a portion of the first time period has elapsed.

100. The method of Claim 92 wherein said command is entered by the user over a first time period and said
method includes the steps of providing a digital data storage arrangement for storing digital information under control of
said processing arrangement, further interpreting the user interaction so as to further define the command as requiring 2

data access that uses the digital storage and ing the d as a serics of data interactions with the

the storage such that said processing arrangement initiates at least a first
data interaction of said series of data interactions during the first time period when the device and the user are engaged in

said user interaction.

101. The method of Claim 100 including the step of the ing ar to, upon

1 ones of the series of data

completion of a first onc of the series of data i i ially initiate

interactions during the user interaction and to initiate a next onc of the series of data interactions upon completion of a

current one of the series of data interactions until the series of data i ions is iplete and so that a
number of the additionat data i ions is leted during the user interaction,

102. The method of Claim 101 wherein said digital data storage is ical including 2
rotatable media for storing said digital i ion and a motor ar for lishing rotation of the rotatable

‘media responsive to the processing arrangement and said method includes the step of spinning up the rotatable under

control of the ing arr in ion for data access using the motor arrangement responsive to initiation

of the first one of the series of data interactions.

103. The method of Claim 100 wherein the step of providing said digital storage arrangement includes the step
of installing the digital storage arrangement in the device in a way that is not intended for physical access thereto by the

user.

104. The method of Claim 100 wherein said interpreting step interprets the command to dcfine a read operation

to read digital data from the digital storage arrangement
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105. The method of Claim 100 wherein said interpreting step interprets the d to define a write

to write digital data 1o the digital storage arrangement.

106. In a device including an electromechanical digital storage arrangement and configured for receiving a
plurality of external interactions, at least some of which require one or more data transfers using the storage arrangement,
and at least some, but not all of which are user interactions, an assembly comprising:

a first arrangement for receiving a first one of said interactions requiring a first data transfer by the storage
arrangement;

a second arrangement for determining that the first interaction is a non-user interaction; and

a third arrangement for delaying execution of the first data transfer, associated with the first non-user interaction

at least until a next user interaction.

107. The assembly of Claim 106 wherein said first interaction defines a second, subsequent data transfer and
said control arrangement is configured to execute the second data transfer in a subsequent user interaction after said next

user interaction.

108. The assembly of Claim 107 wherein the subsequent user interaction requircs a data access and the

assernbly performs the data access during the subsequent user interaction along with the second data transfer.

109. The asscmbly of Claim 106 whercin said device includes an electronic memory arrangement having a

predetermined storage capacity and wherein said first ar loads the ic storage to its
predetermined storage capacity during the first data transfer such that data loaded in the electronic memory arrangement

is usable as electronically stored data without the need to access the storage arrangement.

110. The assembly of Claim 109 wherein said device is for using the ically stored data in a

predetermined way and said assembly includes an arrangement for tracking use of the electronically stored data.

111. The assembly of Claim 110 wherein the device is configured for using the electronically stored data in
producing an audio signal and wherein the assembly tracks the elcctronically stored data by identifying a portion of data

that has been used to produce the audio signal at least once.

112. The assembly of Claim 110 wherein said first interaction defines a total data transfer, including the first
data transfer as a portion thercof, that exceeds the predetermined storage capacity of the electronic memory arrangement
and wherein the second data transfer, performed during the subsequent user interaction, replaces data in the electronic

memory arrangement that has previouslty been used.

113. The assembly of Claim 106 wherein said device includes an external communication arrangement and

wherein said first i igi froma ication received by the external communication arrangement.

114, In a device including an electromechanical digital sterage arrangement and configured for receiving a
plurality of external interactions, at least some of which require one or more data transfers using the storage arrangement,

and at least some, but not all of which are user inferactions, a method comprising the steps of:
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receiving a first one of said interactions requiring a first data transfer using the electromechanical storage

arrangement;

that the first i ion is a non-uscr interaction; and

executing the first data transfer during a next user interaction.

115. The method of Claim 114 wherein said first interaction defines a second, subsequent data transfer and the

sccond data transfer is executed in a subsequent user interaction after said next user interaction.

116. The method of Claim 115 wherein the subsequent user interaction requires a data access and said method

includes the step of performing the data access during the subsequent user interaction.

117. The method of Claim 114 wherein said device includes an electronic memory arrangement having a

predetermined storage capacity and wherein the first data transfer transfers data from the electromechanical storage

ar nt to the €l jic memory ar to Toad the el ic memory at to its predetermined
storage capacity as electronically stored data such that the electronically stored data is usablc without the need to access

the hanical storage ar

118. The method of Claim 117 including the steps of using the electronically stored data in a predetermined

way and tracking use of the elcctronically stored data.

119. The method of Claim 118 wherein the electronically stored data is used in said predetermincd way to

gonerate an audio signal.

120. The method of Claim 118 wherein said first interaction defines a total data transfer, including the first data
transfer as a portion thereof, that excecds the predetermined storage capacity of the electronic memory amangement and

said method includes the step of performing a second data transfer, as an additional portion of the total data transfer

during a user i i ing said next user interaction in said plurality of external interactions such

that the sccond data transfer replaces a portion of the clecur‘;mcally stored data that has previously been used.

121. The method of Claim 114 wherein said device includes an external communication arrangement for
receiving external telecommunications as part of said plurality of external interactions and said method includes the step
of receiving a first external telecommunication requiring a specific data transfer using the electromechanical storage

arrangement and executing the specific data transfer during a next user interaction.

122. In a device including an electronic memory arrangement having a capacity, said device configured for

user i i at least a specific one of which interactions

responding to a plurality of external i
requires a specific data transfer to the electronic memory arrangement such that the specific data transfer is of a sizc that
exceeds said capacity of the electronic memory arrangement, an assembly comprising:

a first arrangement for loading the electronic memory arrangement with an initial portion of the
specific data transfer to fill the electronic memory arrangement to said capacity such that the initial portion of data is
available for use in 2 predetermined way;

a second arrangement for monitoring the use, in said predetermined way, of any data stored in the
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electronic memory arrangement; and

a third ar for loading an additional portion of the specific data transfer into the electronic memory

arrangement (o replace that part of the initial portion of the specific data transfer which has been used in said
predetermined way such that an unused part of the initial portion of the specific data transfer and the additional portion

of the specific data transfer are concurrently stored in the electronic memory amrangement.

123. The ibly of Claim 122 including an ‘hanical digital storage arrangement such that the

specific data transfer is stored by the electromechanical digital storage arrangement for transfer to said electronic storage

arrangement in said first and additional portions,

124 The peripheral control arrangement of Claim 123 wherein said first arrangement initiates loading the

electronic memory arrangement with said initial portion during the specific interaction.

125. The peripheral control arrangement of Claim 124 wherein the specific interaction is a user interaction and
wherein the third arrangement is configured for initiating loading of the additional portion of the data transfer during a
subsequent user interaction in said plurality of external interactions such that all data transfers using the

1! hanical digital storage are initiated during user interactions.

126. The peripheral control arrangement of Claim 125 wherein the subsequent user interaction requires a data

access to the el hanical data storage and said third arrangement is configured for performing the

data access and loading the additional portion of the data transfer during the subsequent user interaction.

127. In a device including an memory having a capacity, said device configured for

responding to a plurality of external i ions incliding user i i at least a specific one of which interactions
requires a specific data transfer to the electronic memory arrangement such that the specific data transfer is of a size that
exceeds said capacity of the electronic memory arrangement, a method comprising the steps of:

Joading the electronic memory arrangement with an initial portion of the specific data transfer to fill the
electronic memory arrangement to said capacity such that the initial portion of data is available for use ina
predetermined way;

monitoring the use of any data stored in the electronic memory arrangement; and

transferring an additional portion of the specific data transfer into the electronic memory arrangement to replace
that part of the initial portion of the specific data transfer which i:zs been used in said predetermincd way such that an
unused part of the initial portion of the specific data transfer and the additional portion of the specific data transfer are

concurrently stored in the electronic memory arrangement.

128. The method of Claim 127 wherein said device includes an electromechanicat digital storage arrangement

such that the specific data transfer is stored by the electromechanical digital storage arrangement and said Joading step

and transferring step move the first and additional portions from the I storage to the

electronic storage arrangement.
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129. The method of Claim 128 wherein said loading step initiates loading the electronic memory arrangement

with said initial portion during the specific user interaction.

130. The method of Claim 129 wherein said specific interaction is a user interaction and said transferring stcp
includes the step of initiating loading of the additional portion of the data transfer during a subsequent uscr interaction in
said plurality of external interactions such that all data ransfers using the electromechanical digital storage arrangement

are initiated during user interactions.

131. The method of Claim 130 wherein the subsequent user interaction requires a data access to the

1 data storage and said method includes the step of performing the data access during the

subsequent user interaction.

132. In a portable el ic device gured for iving a user i ion and for operating in an overall
environment which may subject the portable electronic device to mechanical shock, said device including an
electromechanical Storage Element which is susceptible to said mechanical shock when reading and/or writing data and

less ible to mechanical shock, a method for protecting said electromechanical

which is otherwise
Storage Element from said mechanical shock at least to a limited extent, said method comprising the steps of:

a) providing an ic memory at in the portable device;

b) monitoring the user interaction to define a particular use of a selection of data stored on the
electromechanical Storage Element;

¢) copying said selection of data from the electromechanical Storage Element to the electronic memory
arrangement; and

d) after using said electromechanical Storage Element in said copying step, indicating availability of the

selection of data for said particular use such that the user is able to initiate the particular use of the selection of data,

through ing the ic memory only after the el ‘hanical Storage Element is not in use
and is sub ially less ptible to -hanical shock.
133. The method of Claim 132 wherein said portable device includes a p i for ing a

control program for controlling the overall portable device and said electromechanical Storage Element is responsive to a

native code and wherein said copying step is lled by the p i ing at least a portion of

said native code to control said electromechanical Storage Element.

134. The method of Claim 132 wherein said electromechanical Storage Element includes a readable media and

asensing d for to access the readable media during reading and/or writing and for

otherwise moving to a parked position in which the sensing arrangement is less susceptible to said shock and wherein

said indicating step is performed after said sensing arrangement is moved to the parked position.

135. In a portable electronic device configured for receiving a user interaction and for operating in an overall
environment which may subject the portable electronic device to mechanical shock, said device including an
electromechanical Storage Element which is susceptible to said mechanical shock when reading and/or writing data and

1 shock, an ar forming part of the portable device

which is otherwise ially less ble to
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for protecting said electromechanical Storage Element from said mechanical shock at least to a limited extent, said
arrangement comprising:

2) an electronic memory arrangement interfaced with said electromechanical Storage Element for receiving data

therefrom;
b) a first ion for itoring the user i ion to define a parti use of a selection of data stored

on the electromechanical Storage Element;

©) a second configuration for copying said selection of data from the elcctromechanical Storage Element to the
electronic memory arrangement; and

d) an indicating arrangement for indicating availability of the selection of data for said particular use after
copying the selection such that the user is able to initiate the particular use of the selection of data, through accessing the
electronic memory arrangement, only after the electromechanical Storage Element is not in use and is substantially less

susceptible to mechanical shock.

136. The arrangement of Claim 135 wherein said portable device includes a processing arrangement for

executing a control program for controlling the overall portable device and said electromechanical Storage Element is

responsive 1o a native code and wherein said p b is configured to execute at least a portion of said

native code to control said electromechanical Storage Element during copying of the selection of data.

137. The arrangement of Claim 135 wherein said electromechanical Storage Element includes a readable media
and a sensing arrangement configured for movement to access the readable media during reading and/or writing and for
otherwise moving to a parked position in which the sensing arrangement is less susceptible to said shock and wherein

is 1o indicate the availability of said selection of data after said sensing

said i
arrangement is moved to the parked position.

138. In a device configured for access by a user and i ap ar which executes a
control program for controlling the overall device, an assembly comprising:

an electromechanical digital data storage arrangement responsive to a native control code; and

a peripheral control arrangement configured such that the processing arrangement executes at least a portion of

the native control code of the storage arrangement as part of said control program, said peripheral control arrangement

an interface d for impl ing said native code between the processing arrangement and the

1 digital storage

139. In a digital data storage arrangement including a rotatable media as well as a head arrangement configured
for accessing the rotatable media, a method comprising the steps of:

2) initiating a control sequence intended to move the head arrangement from an unparked position to a parked
position;

b) thereafter, detecting a predetermined status related to head arrangement position which confirms that the
head arrangement is in the parked position; and

) producing an indication based on said predetermined status.
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140. The method of Claim 139 wherein the stcp of producing said indication includes the step of storing the

indication in a way which allows the indication (o be selectively externally read one or more times.

141. The method of Claim 139 wherein the step of producing said indication includes the step of storing the

indication at a predetermined register location.

142. The method of Claim 139 further comprising the steps of:

d) testing said jndication to establish that the head arrangement is not in the parked position;

&) initiating an additional control sequence for moving the head arrangement to the parked position;

f) after initiating said additional control sequence, re-detecting said predetermined status related to head
arrangement position; and

g) generating an additional indication based on said predetermined status which at least to said limited extent,

establishes whether the head arrangement is in the parked position.

143. The method of Claim 142 wherein said control sequence uses a drive signal applied to the head
arrangement having a first magnitude and intended to move the head arrangement to the parked position and the
additional control sequence includes the step of using a different drive signal intended to move the head arrangement to

the parkcd position and having a second magnitude which is different than said first magnitude.

144, The method of Claim 142 further comprising the step of:
h) repeating step d through step g until said indication is tested to cstablish that the head arrangement is in the

parked position.

145. The method of Claim 142 further comprising the step of:
h) repeating step (d) through step (g) a limited number of times when cach repetition of step (d) continues to

establish that the head arrangement is not in the parked position.

146. The method of Claim 145 including the step of storing, after the control sequence and each additional
control sequence, a total number of parking attempts such that the total number of parking attempts is incremented by

one with each additional control sequence.

147. The method of Claim 144 further comprising the step of:
i) after having repeated step d through step g said limited number of times, initiating a differcnt control

sequence for moving the head arrangement to the parked position.

148. The method of Claim 147 wherein said additional control sequence uses a drive signal applied to the head
arrangement having a first magnitude and intended to move the head arrangement to the parked position and said
different control sequence includes the step of using a different drive signal intended to move the head arrangement to

the parked position and having a second magnitude which is different than said first magnitude.

149. The method of Claim 139 wherein the step of producing said indication includes the step of generating an

inferrupt as the indication.
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150. The method of Claim 139 including the step of configuring the storage arrangement with a ramp for
receiving said head arrangement in said parked position such that, when so received, the ramp and the head arrangement

cooperate in a way which produces said indication thereby confirming that the head is in the parked position.

151. The method of Claim 150 inchuding the step of configuring the ramp and head arrangement for completing

an electrical path when the head arrangement is received by the ramp in the parked position.

152. Tn a digital data storage arrangement including a rotatable media as well as a head arrangement configured
for accessing the rotatable media, a method comprising the steps of:

a) initiating a control scquence intended to move the head arrangement from an unparked position to a parked
position;

b) thereafter, detccting a predetermined status related to head arrangement position including the step of testing
the head arrangement for reading from the rotatable media such that an inability of the head arrangement to read
indicates that the head arrangement is at least away from the rotatable media; and

¢) producing an indication based on said predetermined status.

153. Tn a digital data storage arrangement including a rotatable media as well as a head arrangement configured
for accessing the rotatable media and for moving to a parked position, an apparatus comprising:

a) a first arrangement for initiating a control sequence intended to move the head arrangement to the parked
position after having accessed the rotatable media;

b) a second arrangement for thereafter detecting a predetermined status related to head arrangement position
which confirms whether the head arrangement is in the parked position; and

c)a third ar for ing an indication based on said predetermined status.

154. The apparatus of Claim 153 wherein said third arrangement is configured for storing the indication in a

way which allows the indication to be sclcctively externally read one or more times.

155. The apparatus of Claim 153 wherein said third arrangement includes a storage register for storing the

indication.

156. The apparatus of Claim 153 further comprising a fourth arrangerent for testing said indication to establish
that the head arrangement is not in the parked position and wherein said first arrangement is further configured for
initiating an additional control sequence which is intended to move the head arrangement to the parked position, said

second arrangement further being configured for th ing said pi ined status related to head

dditional indi

arrangement position, and said third ar is further d for ing an ion based on

said predetermined status when the head arrangement is in the parked position.

157. The apparatus of Claim 156 wherein said first arrangement, as part of said control sequence, uses a drive

signal applied to the head ar having a first itude and intended to move the head arrangement to the

| control seq uses a different drive signal

parked position and the first ar as part of the
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intended to move the head arrangement to the parked position such that the different drive signal includes 2 second

magnitude which is different than said first magnitude.

158. The

of Claim 156 gured for ing the additional control until said additional

indication confirms that the head arrangement is in the parked position.

159. The apparatus of Claim 156 including a counting arrangement for counting a total number of parking
attempts including, as attempts, said control sequence and each additional control sequence in a way which provides for

external access to the total number of parking attempts.

160. The apparatus of Claim 156 igured for repeating the additional control seq a limited number of

times in the absence of said additional indication.

161. The apparatus of Claim 160 further configured for initiating a different control sequence for moving the
head arrangement to the parked position after having repeated the additional control sequence said limited number of

times.

162. The apparatus of Claim 16] wherein said first arrangement uses 2 drive signal applied to the head
arrangement having a first magnitude during said control sequence and intended to move the head arrangement to the
parked position and uses a different drive signal intended to move the head arrangement to the parked position during the
different control sequence such that the different drive signal includes a second magnitude which is greater than said first

‘magnitude.
163. The apparatus of Claim 153 wherein the third arrangement generates an interrupt as the indication.

164. The apparatus of Claim 153 wherein said second arrangement includes a ramp in said storage arrangement
for receiving said head arrangement in said parked position such that, when so received, the ramp and the head
arrangement cooperatc in a way which produces said indication to confirm that the head arrangement is in the parked
position.

165. The apparatus of Claim 164 wherein the ramp ar and head perate to comp

an electrical path when the head arrangement is réceived by the ramp in the parked position to produce said indication.

166. In a digital data storage arrangement including a rotatable media as well as a head arrangement configured
for accessing the rotatable media and for moving to a parked position, an apparatus comprising:
a) a first arrangement for initiating a control sequence intended to move the head arrangement to the parked

position after having accessed the rotatable media;

b) a second for th detecting a p ined status related to head arrangement position by
testing the head arrangement for reading from the rotatable media such that an inability of the head arrangement to read
indicates that the head arrangement is at least away from the rotatable media; and

<) a third for producing an indi based on said predetermined status.
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167. In a device including a p ing ar for 1l ion of the device and including an
digital storage a method comprising the steps of:

establishing a status of a particular attribute related to operation of the electromechanical digital storage
arrangement; and
using the processing arrangement, monitoring the status of the particular attribute for use in a further control

operation.

168. The method of Claim 167 wherein the step of establishing said status includes the step of storing the status

in 3 way which allows the status to be selectively accessed one or more limes by said processing arrangement.

169. The method of Claim 168 wherein the step of storing the status saves the status at a predetermined register

location.

170. The method of Claim 167 wherein said storage arrangement includes a rotatable media as well as a head
arrangement configured for movement to access the rotatable medja and positionable in a parked position and whercin

said particular attribute is head position and said status i that the head is in the parked position.

171. The method of Claim 170 wherein the step of establishing said status includes the step of confirming that

the head arrangement is in said parked position.

172. The method of Claim 171 including the step of configuring the storage arrangement with a flexible circuit
for use in Iling said head and for ing with the head ar to confirm that the head

arrangement is in the parked position.

173. The method of Claim 172 including the step of forming the flexible circuit having a first, dynamic loop
portion having a moving end positioned on and moving with the head arrangement during rotatable media access
movement of the head arrangement and a second portion that is stationary relative to rotatable media access movement
of the head arrangement and arranging the moving end and second portions to engage one another in a way which

confirms that the head arrangement is in the parked position when the head arrangement is so positioned.

174. The method of Claim 173 wherein the step of forming the flexible circuit includes the steps of defining an
electrical contact area as part of one of the first, dynamic loop portion and said second portion and forming a contact
button as part of the other one of the first, dynamic loop portion and said section portion such that movement of the head
arrangement into the parked position causes the contact button 1o engage the electrical contact area thereby confirming

the parked position of the head arrangement.

175. The method of Claim 171 including the step of configuring the storage arrangement with a ramp for
receiving said head arrangement in said parked position such that, when so received, the ramp and the head arrangement
cooperate, as part of said confirming step, in a way which establishes said status thercby confirming that the head is in

the parked position.
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176. The method of Claim 175 including the step of configuring the ramp and head arrangement for completing
an electrical path to confirm said parked position when the head arrangement is received by the ramp in the parked
position.

I shock and is

177. The method of Claim 167 wherein said storage is sensitive to
potentially exposcd thereto within said device and the step of establishing said status includes the stcp of measuring

mechanical shock within said storage arrangement to serve as said attribute.

178. The method of Claim 177 wherein said storage arrangement includes a head arrangement configured for
movement including a voice coil motor having a voice coil supported by the head arrangement for movement with the

voice coil positioned in a magnetic field and wherein said step of measuring mechanical shock monitors output voltage

of the voice coil in the ic field responsive to said mechanical shock.

179. The method of Claim 178 wherein said head arrangement vibrates the voice coil responsive to a
mechanical shock and wherein the step of measuring mechanical shock monitors vibration of the voice coil in the

magnetic field.

180. The method of Claim 167 whercin said storage is sensitive to temp and the step of

establishing said status includes the step of measuring temperature within said Storage Element to serve as said attribute.

181. The method of Claim 167 wherein said storage arrangement includes a rotatable media rotated by a spin

motor and a head arr d for to access the rotatable media and wherein the step of

confirming said status includes the step of measuring rotational velocity of said spin motor as said particular attribute.

182. The method of Claim 181 wherein said rotatable media must reach at least a minimum rotational velocity
for access by the head arrangement and the step of establishing said status inctudes the step of changing said status when

said rotatable media reaches the minimum rotational velocity.

183. The method of Claim 182 wherein the step of establishing said status includes the step of maintaining an

established status while the rotational velocity remains within a certain range above said minimum rotational velocity.

184. In a device including a i for it ion of the device and including an

] digital storage having a rotatable media and a head arrangement configured for accessing

the rotatable media and_for movement away from the rotatable media to a parked position, a method comprising the steps
of:

establishing 2 status of the head arrangement by testing the head arrangement for reading from the rotatable
media such that an inability of the head arrangement to read indicates that the head arrangement is at least away from the
rotatable media; and

using the p ing ar itoring said status for use in a further control operation.

185. In a device configured for user access including an electromechanical digital storage arrangement, an

assembly comprising:
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a first arangement for estabiishing a status of a particular attribute related to operation of the electromechanical

digital storage arrangement; and

ap ar for g operation of the device and for monitoring the status of the particular

attribute for use in a further control operation.

186. The asscmbly of Claim 185 wherein said first arrangement is configured to store the status in a way which

allows the status to be selectively accessed one or more times by said processing arrangement.

187. ‘The assembly of Claim 186 wherein the first arrangement is designed to save the status at a predetermined

register location for access by the processing arrangement.

188. The assembly of Claim 185 wherein said storage arrangement includes a rotatable media as well as a head
arrangement configured for movement to access the rotatable media and positionable in a parked position and wherein

said status in relation to the

said first arrangement forms a portion of the storage at configured for
particular attribute of position of the head arrangement such that the status confirms whether the head arrangement is in

the parked position.

189. The assembly of Claim 188 wherein the storage arrangement includes a flexible circuit for use in

controlling said head arrangement in said parked position and configured for ing with the head to

confirm that the head arrangement s in the parked position.

190. The assembly of Claim 189 wherein the flexible circuit includes a first, dynamic loop portion having a
moving end positioned on and moving with the head arrangement duringvmtntab]e media access movement and a second
portion that remains stationary relative to rotatable media access movement of the head arrangement arranged such that
the first and second portions engage one another in a way which confirms that the head arrangement is in the parked

position when the head arrangcment is so positioned.

191. The assembly of Claim 190 wherein one of the first, dynamic loop portion and said second portion
includes an elcctrical contact area and the other one of the first, dynamic loop portion and said section portion includes a
contact button such that movement of the head arrangement into the parked position causes the contact button to engage

the electrical contact area thereby confirming the parked position of the head arrangement.

192. The assembly of Claim 188 wherein said first arrangement includes a ramp for receiving said head
arrangement in said parked position and a contact arrangement forming part of the head arrangement such that, when so
received, the ramp and the contact arrangement cooperate in a way which produces said status thereby confirming that

the head is in the parked position.

193. The assembly of Claim 192 wherein the ramp and contact ar are to ively

complete an electrical path to confirm said parked position when the head arrangement is received by the ramp in the

parked position.
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I shock and is

194. The assembly of Claim 185 wherein said storage ar is sensitive to
potentially exposed thercto within said device and said first arrangement is configured for measuring mechanical shock

within said storage arrangement to serve as said particular atribute.

195. The assembly of Claim 194 wherein said storage ar includes a bead ar d for

movement and further includes a voice coil motor having a voice coil positioned in a magnetic field, said voice coil

supported by the head for h ith and wherein said [irst arrangement measures an output

voltage of the voice coil in the magnetic ficld responsive to said mechanical shock to establish said status.

196. The assembly of Claim 195 wherein said head arrangement vibrates the voice coil respensive to a
mechanicat shock and wherein said first arrangement is configured to measure mechanical shock based on vibration of

the voice coil in the magnetic field.

197. The assembly of Claim 185 wherein said storage is sensitive to temp and said first
is d to measure within said storage arrangement to serve as said particular attribute.

198. The assembly of Claim 185 wherein said storage arrangement includes a rotatable media rotated by a spin
motor and a head d for to access the rotatable media and wherein said first arrangement

is configured for measuring rotational velocity of said spin motor as said particular attribute.

199. The assembly of Claim 198 wherein said rotatable media must reach at least 2 minimum rotational velocity
for access by the head arrangement and the first arrangement is configured to change said status after said rotatable

media reaches the minimum rotational velocity.

200. The assembly of Claim 199 wherein the first arrangement is configured to maintain an established status

while the rotational velocity remains within a certain range above said minimum rotational velocity.

201. Tn a device configured for user access.including an electromechanical digital storage arrangement, an
assembly comprising:

a first arrangement for establishing a status of a particular attribute related to operation of the electromechanical
digital storage arrangement by testing the head arrangement for reading from the rotatable media such that an inability of
the head arrangement to read cstablishes, as said status, that the head arrangement is at Jeast away from the rotatable
media; and

a processing arrangement for controlling operation of the device and for monitoring the status of the particular

attribute for use in a further control operation.

202. In an electromechanical storage device including a rotatable magnetic media and a head arrangement
configured for movement to access the rotatable media ana for moving to a parked position, an assembly comprising:

2 first arrangement for producing a position signal which confirms that the head arrangement is in said parked
position; and

an electrical i i in electrical ion with said head arrangement for use in
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controlling the head arrangement and which electrical interconnection arrangement is configured for receiving said

position signal from the first arrangement for a control use.

203. The assembly of Claim 202 wherein said first arrangement and said clectrical interconnection arrangement
form a first portion and a second portion, respectively, of a flexible cireuit such that the first portion of the flexible

circuit with the head ar in a way which produces said signal when the head arrangement is in the

parked position and the second portion of the flexible circuit receives the signal for said control use.

204. The assembly of Claim 202 wherein said first arrangement includes a ramp which receives said head
arrangement in the parked position and which cooperates with the head arrangement in a way which produces said
position signal when the head arrangement is in the parked position and said electrical interconnection arrangement is

configured to receive the-position signal from the ramp.

205. The assembly of Claim 204 wherein said head arrangement includes an clongated actuator arm having a
distal end supporting at least one head for accessing said media and wherein said elongated actuator arm is grounded and
said ramp includes a sensing line extending from and in electrical communication with said flexible circuit such that the

elongated actuator arm grounds said sensing line in the parked position.

206. In an electromechanical storage device including a housing supporting a spin motor for rotating a magnetic
media disk and supporting an actuator arrangement for accessing the magnetic media disk using at least one head
positioned on a distal end of the actuator arrangement, an assembly comprising:

an electrical ion in electrical i with said actuator arrangement and

configured for forming an external interface to the storage device and further configured such that at least a portion of

said electrical interconnection arrangement is supported by said housing; and

a parking arrangement supported by said portion of the electrical i ion for receiving the

distal end of said actuator arm in a parked position.

207. The assembly of Claim 206 wherein said electrical interconnection arrangement includes a flexible circuit

forming at least said portion of the electrical interconnection arrangement supported by the housing.

208. The assembly of Claim 207 wherein said flexible circuit cooperatcs with the actuator arm in a way which

produces a position signal when the actuator arm is in the parked position and said flexible circuit is configured for

transferring the position signal as at least said portion of the el

209. The assembly of Claim 208 wherein the flexible circuit includes a first, dynamic loop portion having a
moving end positioned on and moving with the head arrangement during magnetic media disk access by the head
arrangement and a second portion that remains stationary relative to magnetic media disk access by the head
arrangement arranged such that the first and second portions engage one another in a way which confirms that the head

arrangement is in the parked position when the head arrangement is so positioned.

210. The assembly of Claim 209 wherein one of the first, dynamic loop portion and said second portion

includes an electrical contact area and the other one of the first, dynamic loop portion and said section portion includes a
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contact button such that movement of the head arrangement into the parked position causes the contact button to engage

the clectrical contact area thereby confirming the parked position of the head arrangement.

211. The assembly of Claim 206 wherein said parking arrangement includes a ramp which receives the actuator

arm in said parked position.

212. The assembly of Claim 211 wherein said ramp cooperates with the actuator arm in a way which produces a
position signal when the head arrangement js in the parked position and said electrical interconnection arrangement is

configured to receive the position signal.

213. The assembly of Claim 212 wherein said elongated actuator arm is grounded and said ramp includes a
sensing line extending from and in electrical communication with said electrical interconnection arrangement such that

the elongated actuator arm grounds said sensing line in the parked pesition.

214. As applicd to an electromechanical storage device including a rotatable magnetic media and a head

ar d for to access the rotatable media and for moving to a parked position responsive to at

least one parameter in a parking sequence, a method comprising the steps of:

providing an arrangement, as part of the clectromechariical storage device, for producing a position signal
which confirms the parked position of the head arrangement when so positioned; and

performing a calibration procedure using said position signal to establish an operational value of said parameter

for later use in parking said head arrangement,

215. The method of Claim 206 farther comprising the step of
saving the operational valuc of said parameter on the rotatable media using said head arrangement for

subsequent access thereto.

216. The method of Claim 215 further comprising the steps of
reading the operational value of said parameter, as saved on the rotatable media, using the head arrangement,

and

hereafter, using the jonal value of said in said parking

217. The method of Claim 214 wherein the step of performing the calibration procedure includes the steps of

applying said parking sequence one or more times with said parameter having a first value and with the head
arrangement initially away from the parked position for each sequence and, after each application of the parking
sequence, testing said position signal so as to establish whether (he head arrangement is in the parked position to
establish a first probability of achieving the parked position using said first value,

re-applying said parking sequence one or more times having a second value, different from said first value, with
the head arrangement initially away from the parked position for each sequence and, after each application of the parking
sequence, testing said position signal so as to establish whether the head arrangement is in the parked position to

establish a second probability of achieving the parked position using said second value, and
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based at least on said first and second probabilities, selecting said operational value at which to apply said

of the hanical storage

during later

218. The method of Claim 217 wherein the step of performing the calibration procedure further comprises the

steps of

before the step of selecting said operational value, choosing an additional value for application of the p

one or more times in said parking sequence;

applying the at said additional itude with the head arrangement initially in the data access
position to determine an additional probability of the head arrangement reaching the parked position;
using said additional probability in said selecting step along with the first and second probabilities to select the

operational value.

219. The method of Claim 218 including the step of repeating the steps of choosing and applying further

additional values of said parameter to establish further additional probabilities of the head reaching the

parked position such that all of the probabilities define a probability set for use in selecting said operational value.

220. The method of Claim 214 wherein said calibration procedure includes the steps of changing the parameter

in a way which identifies one or more failure 1d values of the for the el hanical storage device

and, thereafter, adjusting the operational value to avoid the identificd failure threshold values.

221. The method of Claim 220 wherein the parameter is characterized by an upper and a lower failure limit

corresponding to an upper and a lower failure value, respectively, of the p and the is changed in value

during calibration to pass through a range defined between the upper and lower failure values.

222. The method of Claim 214 wherein said parameter is a magnitude of a drive signal which is applied to
move the head arrangement 1o the parked position and said drive signal, applied at a selected magnitude, consumes a
corresponding amount of power in attempting to park the head arrangement and wherein said calibration procedure
includes the steps of (i) applying said drive signal having a serics of different successively decreasing magnitudes with
the head arrangement initially in a data access position, each of which successively decreasing magnitudes defines a

(i) identifying a particular one of the series of successively decreasing

d power P
rmagnitudes at which the head arrangement fails to reach the parked position on at least one attempt, and (if1) selecting
the operational value of the drive signal based, at least in part, on the particular one of the decreasing power levels at

which the head arrangement fails to reach the parked position.

223. As applied to a plurality of electromechanical storage devices each of which includes a rotatable magnetic
media and a head d for to access the rotatable media and for moving to a parked

position responsive to a parking sequence, a method comprising the steps of:
providing, as part of each clectromechanical storage device, an arrangement for producing a position signal

which confirms the parked position of the head arrangement when so positioned; and

Jibrati dure on each el ' I storage device in which said parking sequence is

performing a
applied to each electromechanical storage device with the head arrangement initially in a data access position intended to
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move the head arrangement to the parked position, said parking sequence being repeatedly performed in a way which

establishes a failure configuration of said parking seqt for each ical storage device in which failure

the head arr at least once fails to achieve the parked position; and

tracking a set of said failure configurations, including at least one failure configuration for each

electromechanical storage device, across the plurality of electromechanical storage devices.

224. The method of Claim 223 wherein each failure configuration is made up of one or mose parameters each of
which influence the failure configuration and the step of performing the calibration procedure includes the step of

changing at least one parameter to establish said failure configuration.

225. The method of Claim 224 wherein a drive signal is applied to said head arrangement in attempting to move
the head arrangement to the parked position and wherein said drive signal includes a magnitude which serves as one of
said parameters such that the magnitude of the drive signal is modified during a series of attempts to park the head
arrangement for cach of said electromechanical storage devices to establish said failure configuration for each

electromechanical storage device.
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