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(HDA) (101) of the disc drive. The } 136 148 PREAMP |
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irol circuitry (136, 138, 140, 142, | CONTROL 1 coit l
144, 146, 148) for the disc drive. PROCESSOR _—~146 !
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printed wiring assembly and includes . CIRCUIT 120~
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is initialized, the PWA verifies the 134 | DRAM - | FLASH EEPROM
configuration of the HDA (202, 204, L | - J

206) before proceeding with the ini-
tialization of the disc drive, thereby

preventing errors and damage to the disc drive as a result of the installation of a new, replacement PWA in the disc drive, or the down-
loading of new, incorrect firmware to the PWA.
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performance of a disc drive through the identification of vital product information

associated with a head disc aséembly' (HDA) of the disc drive.

10 Ba ! .

Disc drives are used.as primary data storage devices in modern computers
and computer networks. A typical disc drive includes a head-disc assembly
(HDA) housing five to ten magnetic discs which are rotated by a spindle motor at
a constant high speed and accessed by an.array of read/write heads which store

15 data on tracks defined on the disc surfaces. Electronics used to control the
operation of the HDA are provided on a printed wiring assembly (also referred to
as a “circuit board” or “card”) which is mounted to the underside of the HDA.

Technological advancements in the art have resulted in continued
improvéments in disc drive data storage capacities. It has not been at all

20 uncommon for each successive generation of drives to provide substantially twice
the data storage capacity as the previous generation, at an equal or reduced data
transfer rate. Design cycle times are also being shrunk to the point that a new
generation of drives is typically introduced into the marketplace every few
mo_nths. | '

25 To meet the tremendous technical and logistical challenges of remaining
competitive in the present market, disc drive manufacturers have taken steps to
design and release new disc drive products as fast and efficiently as possible. Of
particular interest is component standardization, which involves the
standardization of disc drive designs éo that a wide variety of disc drive products

30 from a single product family can be provided with the same or similar hardware
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using the new PWA. Particularly, the firnware stored on the new may
expect to d8e a configuration of the drive (such as the number of discs, the data storage capacity,

the type of interface, etc.) to access particular routines suitable for each particular
disc drive configuration, and loads the parameters established during
manufacturing to optimize the performance of the drive.

A typical disc drive inclﬁdes one or more non-volatile memory devices

15 (i.e., memory devices that retain their contents when external power is rémoved
from the drive) to which the firmware is written. The parameter values and
product information are also written to sucﬁ devices during the manufacture of
the drive. The devices are located on the disc drive printed wiring assembly -
(PWA) and are accessed during each initialization of the drive.

20 A problem can thus arise when an originally installed PWA is removed
from a disc drive and réplaced with a new, replacement PWA. Such
replacements commohly occur during manufacturing and field service operations
in response to, for example, the detection of a failure condition associated with
the originally installed PWA. Unless steps are explicitly taken to ensure that the

25 parameter values and product information associated with the HDA are .
transferred froni the originally installed PWA to the new, replacement PWA, an
error condition may result when the disc drive is reinitialized using the new
PWA. Particularly, the firmware stored on the new PWA may expect to see a
different hardware conﬁguration' than that which the HDA actually possesses, or - -

30 the parameter values stored on the new PWA may be inappropriate for reliable
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possesses, or 30 t he paraneter val ues stored on the new PWA may be

i nappropriate for reliable operation of the drive. Such mi smatches in
paranmeters and product information can result in unacceptable delays as a
disc drive with a newy installed replacegent PWA attenpts to reinitialize.
Mor eover, when such mismatches in parametérs and 5 product information.
are sufficiently pronounced, .the disc drive can be physically damaged when
the drive atterrrﬂp§rat'{9ns°3itﬁ9 BF¥end 1 oad the heads (i.e., operationally nove
the heads out over thg i Afsmatthed Gparamidrt aHA BrodiR: HFbIRIorPSARRIIE In

val ues for an HDA are also typically stored on designated tracks of the
HDA, such trackanaeceptdblérdelaysass disc dnivel with aerewliy insthlled relpiavemémt PWAr eady
10 successful ly spun-up .and | oaded.- t he heads. Even when no repl acenent
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field service o e@henahel deive AneaPtsioapiittp and lcadahd heads @.aken to
ensure the correct firnmmvare i s downl oaded, errors still occasionally occur.

As will be recogimeratipnally maviethe beadsraupver festisa sifacen. af\Boyghsthe opfimal

parameter values for an HDA are also typically stored on designated tracks of the

HDA, such tracks carmof be accessed until after the disc drive has already
| 10 successfully spun-up and loaded the heads. |
' Even when no replacement of the IPWA occurs, problems can still arise
when new, updated firmware is downloaded to the PWA, if the new firmware is
- incorrectly suited to the configuration of the HDA. Such firmware updates are
often performed during field service operations, and although precautions are
15 taken to ensure the correct firmware is downloaded, errors still occasionally
occur. As will be recognized, a firmware-hardware mismatch can also resuilt in
the same types of problems that occur when an incorrectly configured PWA is
installed. _ _
Accordingly, there is a need for a way to readily indicate the product
20 information associated with the HDA of a disc drive so as to eliminate problems
| when a new, replacement PWA is installed in the drive, or when new firmware is
downloaded to the PWA.

of the Inventio
25 The present invention is directed to an apparatus and method for
improving the operational performance of a disc drive through the identification
of vital product information associated with a head-disc assembly of the disc
drive.
In accordance with a preferred embodiment of the present invention, the

30 disc drive is provided with a printed wiring assembly housing control circuitry
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installed. Accordingly, there is a need for a way to readily indicate the
product .20 i nformati on associated with the HDA of a disc drive so as to
elimnate problens when a new, replacenent PMA is installed in the drive,
or when new firmware is downl oaded to the PWA. Summary of the Invention 25
The present invention is directed to an apparatus and nethod for inproving
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t he 30 disc drive’is provided with a printed wiring assenbly housing
control circuitrwritten-by 4 contrdilablyi pasitibniable. heafle head- di sc assenbly of the
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the configuration of the HDA before proceeciiﬁg with the initialization of the disc
drive, thereby preventing errors and damage to the disc drive as a result of the
installation of a new, replacement PWA in the disc drive, or the downloading of
new, updated firmware to the PWA.
10 - These and various other features as well as advantages which charactérize
the present invention will be apparent from'a reading' of the following detailed

description and a review of the associated drawings.

Brief Description of the Drawings ,

15  FIG. 1 provides a top plan \_/iew of a head-disc assembly (HDA) of a disc
drive constructed in accordance with a preferred embodiment of the present
invention. .

FIG. 2 providés a side, elevational view of a portion of an éctuator
assembly of the HDA of FIG. 1, showing an electrically erasable, electrically

20 - programmable read-only memory (EEPROM) used to store product information
associated with the HDA. | |

FIG. 3 provides a functional block diagram of the disc drive of FIG. 1
operably mounted in a host computer, the diagram of FIG. 3 including portions
of the HDA of FIG. 1 and electronic circuits associated with a printed wiring

25 assembly (PWA) of the disé drive which is not separately shown in the drawings,
but mounted to the underside of the HDA in a manner well known in the art.

FIG. 4 provides a flow chart for an INITIALIZATION routine carried out
each _time the disc drive is initia_lized, the routine representative of programnﬁng
stored in memory and utilized by a control processor located on the disc drive

30  PWA. |
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101 and to transfer data between the HDA 101 and a host computer in which the
10 disc drive 100 can be mounted.

As shown in FIG. 1, the HDA 101 includes a base casting 102 which
supports various components of interest and cooperates with a top cover (which
has been omitted from FIG. 1) to form an internal, sealed environment for the

 disc drive 100. Mounted tb the base casting 102 is a spindle motor 104 to which
15 five magnetic discs 104 (only the top one of which is visible) are axially mounted
for rotation at a constant high speed. A disc clamp 108 secures the discs 106 to
the spindle motor 104.
A rotary actuator assembly 110 is mounted to the base casting 102 for
rotation about a cartridge.b.earing assembly 112 in respoﬂse to currents applied to
20 a coil 113 of a voice coil motor (VCM) 114. The actuator assembly includes a
plurality of rigid arms 116 which extend into the stack of discs 106 as shown,
with each of the rigid arms 116 having an associated flexible suspénsion
~assembly 118 extending therefrom.

Heads 120 are affixed to each of the suspension assemblies 118. The

25 heads 120 include read and write elements which magnetically interact with the
disc recording surfaces. The heads 120 are further provided with slider
assemblies which support the heads 120 upon air bearings established by wind
currents set up by the high speed rotation of the discs 106. | |

A latch assembly 121 secures the actuator assembly 110 in a park position

30 when the disc drive 100 is non-operational, and a flex assembly (generally
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FIG 4 proviWe9%647ow chart for an | NI TIALI ZATI ON routine car PSE¥SHEAIS¥ch
time the disc drive is initialized, the routine representative of

programm ng stored in nmenory and utilized by a control processor |ocated on
the disc drive 30 PWA. -5- Detailed Description Referring nowto FIG
1, shown thereinis a top plan view of a-gisc drive 100 constructed in
accordance with a preferred enbodi nent of the present invention. The disc
drive 100 incl U%ﬁo&dmadzﬂisqﬁoﬁas@tﬂ)bnabd&@é)heh@slmoldn@tuélcﬁﬁl friwe 5
printed wiring assenbl which is nmounted to the underside of the HDA
101 to conplete etlemnqalg'ccqmmumcatemﬂmhetﬂmgdmmPMom |n FI G 1, the PWA

rovides control circpyitr cessary, to,contraql n of th

201 and to transfer th %’ﬁﬁﬁgﬁeﬁeﬁ s%exlg{cghbo E’Eé’f'sem W?@h
the disc drive 1‘8§ -n‘ﬁﬁnﬁﬁ‘f@ﬂ‘féjmdeb‘afﬁﬂ%dt& Eés&nﬂlg fﬂbeas FIG“O% udes
a base casting 1 supports 10 . various conponents of interest and

cooperates §ith prolvmles aacide; clewhtiaral kiesw bfe portiod dfdie facmmolrlassendhly t1a0fapdm an
internal, seal ed environnent for the disc drive 100. Munted to the base '
casting 102 is ashewisibe Bexsirevit board;124,inigreater detaila dios PuEDQses eEclarity, head

wires have been omitted from FIG. 2, but it will be understood that such wires
are routed along each of the actuator arms 116 and terminate at pads 126 to
which the head wires are soldered. Also for purposes of clarity, the discs 106 of

10 FIG. 1 are not shown in FIG. 2, aﬁhough it will be understood thét the actuaéor
arms 116 extend into the stack of discs 106 in a manner as previously depicted in
FIG. 1.

The flex circuit board 124 includes a conventional preamp circuit 128

which operates to transfer data to and from the discs 106 by generating write

15 currents that are passed (by way of the head wires) through the heads 120 during
a write operation and detecting and amplifying read signals established by the
heads 120 during a read operation. An example of a suitable preamp circuit is a
VM61312 Magneto-Resistive Head Read/Write Preamplifier from VTC Inc., of
Bloomington, Minnesota, USA. Conventional discrete components such as

20 capacitors and resistors (one such component being identified at 129) are also
provided on the flex circuit board 124 to provide filtering and capacitive
decoupling as required.

Continuing with FIG. 2, the flex circuit board 124 is further shown to

include a non-volatile memory device 130, hereinafter referred to as an

25 electrically erasable, electrically programmable read-only memory, or EEPROM.
As explained below, the EEPROM 130 electronically stores product information
associated with the HDA 101 and is'accessed by the disc drive PWA during the
initialization of the disc drive 100. An example of a suitable EEPROM is a
24AA00 serial EEPROM from MlCI'OChlp Technology, Inc., of Chandler,

30 Arizona, USA, which comes in a five pin package and stores 16 bytes of data.
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at a constant high speed. A disc clanp 108 secures the discs 106 to the
spindl e notor 104. 15 ‘A rotary actuator assenbly 110 is nounted to-
t he base casting 102 for rotation about a cartridge bearing assenbly 112 in
response to currents applied to a coil 11370f a voice coil notor (VCM)
114. The actuator assenbly includes a plurality of rigid arns 116 which
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assenbly 110 in a park position when the disc drive 100 is non-operational,
and a fl ex assenblnjted States fedesalippegiseredadesERTHYSOLS. Bantharedithoughobe i s

2 g%g?gat Ce) \?Mn? Elﬂgﬁtglqglilig g%gqsﬁi {],’éloﬁ\aﬂ%iaragﬁaﬁg is{litgbjlg léc%.tigix gxt {tliecfll:‘.]!’ﬁOM 130, the
' present invention is not so limited; that is, the product information can be

electronically stored elsewhere on the HDA 101, as desired.

10 Before discussing the operation of the EEPROM 130 in greater detaii, it
will be helpful to first review the main functional components of the disc drive
100 and FIG. 3 has been provided for this purpose. Referring now to FIG. 3,
shown therein is a functional block diagram of the disc drive 100 of FIG. 1,
including representations of 'the HDA (indicated by dotted line enclosure 101)

15 and the disc drive PWA (indicated by dotted line enclosure 132).

A host computer 134, in which the disc drive 100 is contemplated as

being mounted, provides top level control of a disc drive control processor 136,
which in turn controls the operation of the disc drive 100 in accordance with
programming and parameter values stored in dynamic random access memory

20 (DRAM) 138 and non-volatile flash memory 140. |

| Data to be stored by the disc drive 100 are transferred from the host

computer 134 to an interface circuit 142, which includes a data buffer for
temporarily buffering the data and A sequencer for directing the operation of a
read/write channel 144 and the preamp circuit 128 during data transfer

25 operations. A spindle circuit 146 is provided to control the rotation of the discs
106.

A servo circuit 148 is provided to control the position of the head 120

relative to the disc 106 as part of a servo loop established by the head 120, the
preamp circuit 128, the servo circuit 148 and the coil 113. The servo circuit 148

30 includes a digital signal processor (DSP) which is programmed to carry out two



O particul awoonessst is a flex circuit board 124 of the fl exPET4HIBNISS6
122, which is nmounted to the side of the actuator assenbly 110 as shown.
FIG 25 provi des a side, elevational view of a portion of the actuator
assenbly 110 and shows the flex circuit board 124 in greater detail. For
purposes of clarity, head wires have been_élm'tteo_l fromFIG 2, but it wll
be understood that such wires are routed al ong each of the actuator arns
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establ i shed. by the heads 120 during a read operation. An exanple of a
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10 As is com)entional, during mamifacturing of the disc drive 100 various

parameter values are optimized and stored in the flash memory 140 for
subsequent use by the disc drive 100 during operation. Examples of typical
parameter values that can be optimized include write current magnitude, prewrite
compensation, servo gain, data and servo Jevel detection thresholds, transversal

15 équalizer tap weights, adaptive filtering settings and, in disc drives 'employing
magneto-resistive (MR) heads, read bias current. Such parameters are well
known and have been listed for purposes of illustration, not limitation. In
addition to being stored in the ﬂ_aéh memory 140, the disc drive 100 further
stores these parameter values in selected service tracks on the discs 106 disposed

20 outside the recording bands of tracks used to store user data. As is conventional,
during initialization of the disc drive 100 the parameters are transferred from the
flash memory 140 to various circuits of the PWA 132, such as the read/write
channel 144 and the servo circuit 148, to enable these circuits to operate at an
optimal level during normal operation of the disc drive 100.

25 Additionally, during manufacturing various product information values
are stored in the EEPROM 130 by the control processor 136, which
communicates with the EEPROM 130 by way of a st_andard serial bus (identified
at 150 in FIG. 3). In a preferred embodiment, the product information is stored

in the EEPROM 130 as shown in Table 1.
30
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PWA-during the initialization of the disc _grive 100. An exanple of a .
suitable EEPROM i s d 24AA00 seri al E‘EPRO\/I rom M CI’OChI p Technol ogy, Inc.,
of Chandler, 30 Ar i zZopEr=BSfe=—rc-corES—FF —FFve=prrpackage and
stores 16 byt es of data. | By $9/ 16073’r0duct1nformat10n
PCT/ US98/ 11556 - 7- For reffferencg preanp circurt and the
EEPROM 130 have been showf i f F afo@céga%'é’apsul ated in epoXy in a manner

conventional in the art, iln orde r Qv oper at 1 onal
characteristics of the fldx ¢cir E??gﬁﬁggﬁn@' enﬁeéwtable epbxy is part no.
4401 or 4451 (dam) and pa’ __ : vvéﬁ dkl‘ suppl i edf by the Dexter
Corporation, Pittsburg, Csg S0 nde he LN -d St at es
federal ly registered tradg
board 124 is a partlcuIaH
present invention is not s
be electronically stored €

With reference to Table 1., Product Family is a single byte value.whilc'h
10 identifies a particular product. family, which is defined as an overall group of disc
drive products that use nominally identical PW As, firmware, and major interface
configurations, but have varying HDA configurations. Product Family Member,
a single byte value, identifies the particular model type from the product family,
distinguished by a particular conﬁgurafion for the HDA 101 (such as drive
15 height, data capacify, number of discs, etc.).
World Wide Name, an eight byte value, is a unique identifier for the disc
drive 100. As will be recognized by those skilled in the art, the World Wide
Name is part of a Fibre Channel convention which allows network servers to
uniquely identify each particular drive on a global network, no matter where the
20 drive is physically located in the world. Accordingly, each Fibre Channel
compatible drive is assigned its own, unique World Wide Name.
HDA Serial Number is a four byte value used internally by the disc drive
manufacturer as a unique identifier for each HDA 101. The HDA Serial Number
(S/N) distinguishes the HDA 101 from other nominally identical HDAs during
25 the manufacturing process and also serves to indicate the Product Family
Member of which the HDA 101 is a part. Finally, the last two bytes (bytes 14
and 15) are not used and are therefore reserved for future use. It will be readily
understood that the product information of Table I. has been disclosed for
purposes of illustration and is not limiting; that is, other types of electronically

30 ° stored product information can readily be used in the practice of the present



10 VB2 $%16873i scussi ng t he operation of the EEPROM 130 BGI/HPBH1E%6
detail, it will be helpful to first review the main functional conponents
of the disc drive 100 and FIG 3 has been provided for this purpose.
Referring nowto FIG 3, shown therein is a functional block diagramof the
disc drive 100 of FIG 1, including represgntations of the HDA (indicated
by dotted line enclosure 101) 15 and the disc drive PWA (indicated by -
dotted |ine encl Gyirfioh3ed lon d3Qhé infBARAIGH sel v tolaf 1046 REndAyane afnglirai(6n
100 is contenpl ated as bel ng nounted, provides top [evel control of di sc
drive control prafessHDAI6]. which |n turn controls the operation of the _
disc drive 100 in accaordance with qran’m ng, and paranet er val ues_ stored.

in dynami c random accdt Reraers oop tesihat dusog themapwagyreof the ‘gﬁ“agﬂve
The host  conput arl0s BEaRieds S dbopbinife (e obfraliarbdirdtEE B (RCuitd A

buffer for tsemoorlwdrysauété@anmgtot:émb«statxﬁtﬁé\ﬂaﬂx BERVHN 40 (FIG. i@ the t he
operation of a read/wite channel 144 and the preanp circuit 128 during

data transfer 25 aforemgptiprad snvice macks ofcthe discs d06¢ Atem appropriate @eulttdurlng
trol th tt f e. di scs 10 VO Circ Vi

control the pos; dpomaBniabingaitestote sonbl Boessph 136 alilier it B podue,

servo | oop est abllhﬁﬁaﬁﬂubﬂ of Tebieqagdssbeiated  With meeag@dﬁlvé G0 to &%SE%PRG%\&%EO

circuit 148 and the coil 113. The servo circult I ncl
di gital signal prandesshe flashSHrmady t40.i Thpreaﬂearthedmt mlrwarlloy) apodssesithe product
' 10 information from the EEPROM 130 during drive initialization, in a manner that

will now be discussed.

Referring to FIG. 4, shown therein is a generalized flow chart for an
INITIALIZATION routine 200, contemplated as representative of programming
stored in the flash memory 140 and utilized by the control processor 136 during

15 initialization of the disc drive 100 such as, for example, when the disc drive 100
is turned on after being in a non—operatlonal state.

As shown by block 202, the control processor 136 first operates to
download the contents of the EEPROM 130 into the DRAM 138 using the serial
bus 150 (FIG. 3). The control processor 136 next compares the produét

20 information from the EEPROM 130 to the product information that was
previously stored in the flash memory 140, as indicated by 'block 204. As
discussed above, when the originally installed PWA 132 remains part of the disc
drive 100 (i.e., no PWA replacement or firmware download have taken place),
the product information from both the EEPROM 130 (on the HDA 101) and the

25 flash memory 1_40 (on the PWA 132) should match, indicating that all is well and
initialization can proceed in a normal fashion. Such operation is indicated by
decision block 206, which when no mismatch is detected, the flow proceeds to
block 208 wherein a conventional spin-up calibration operation is performed. As
will be recog'fxized by ;hosé skilled in the art, during the spin-up calibration the

30 disc drive 100 initiates rotation of the discs 106 up to operational speed and



‘mai n-types ofweaouedmperation: seeking, which involves the novermomwuss/itsss
head 120 froman initial track to a destination track on the disc 106, and
track follow ng, which involves the continued positioning of the head 120
over a selected track on the disc 106. The general construction and
operation of such 5 circuits are.well _Iin_ovvn and di scussed, for exanple,
in United States Patent No. 5,276, 662 issue(!.l January 4, 1994 to Shaver et

ni fed State pat PrTREs el o Sftiihel REUE oD aiehin G5 sfetla Gplints 16
each of which is éseradnedf the difedAes IGMatviel s eiRIRSaRNironheRR cOAditidRs. The

As is conventional, during manufacturing of the disc drive 100 various
par armet er val ues beadsdpPian¢ mayed oyt ovarrtbd surfaces offthediscs1éd®ayd fheOdisodrive 100

b ent use by the digc drive 100 dut.ing operation. ampl es of typical
;S);r ztreng;J er val uesy?ﬁﬁ’élP“S% ssgnv&;ﬁo qigu'aihﬁ%‘?‘ﬁ’o@e%i Qe éﬁ%ﬁ%l‘ﬂﬂ!’e‘?f
prewite conpensafhh thé INYPLAINZATION Roftit Sl \gé]g tzgf\égéé ufeaise U9 100 noifies

t hreshol ds, transversal 15 equal | zer tap wel S, adaptrve ring
settings and, in tiedostcommeer Pt iChB)rhgnhe driveds sdady dof Mbdmdlepeetionead
bias current. Such par ters are wel |l known and have been |isted for

purposes of illustrati &OVeREE ‘ﬂ"‘?ﬁ thsH¥A 132:hascheenireplacest cthatthetBPA1Qhis
the flash memory g4QidedFichla Hew! repceldh: PWANSE discussed above the parameter values

stored in the flash memory 140 of the new PWA (which will also be identiﬁéd

\¢

10 herein as 132) may not necessarily reflect values that will optimize drive
performance. Moreover, if the firmware of the new PWA 132 expects a
different hardware configuration than that of the HDA 101, undesirable delays
and/or damage can result to the disc drive 100. |

Accordingly, in such case, decision block 206 will detect a mismatch

15 between the product information electronically stored in the EEPROM 130 on the
HDA 101 and the product information electronically stored in the flash memory
140 on the PWA 132. The flow of FIG. 4 will thus pass from decision block 206
to block 214, wherein the control processor 136 informs the host computer 134
to expect a delay as the discl drive 100 proceedé to compensate for the mismatch. -

20 The operation of block 214 is partit:ularly useful when the disc drive 100 is

| incorporated into a computer network, as the host computer 134 may have a
predetermined timeframe in which it expects the disc drive 100 to complete
initialization and be ready for normal operation. Thus, the flow of FIG. 4 serves
to prevent errors declared by the host computer 134 when the disc drive 100 fails

25 to initialize within sﬁch a timeframe. For reference, the notification to the host

| may be made transparent to a user of the host computer 134, or alternatively, a
user-readable message displayed on a monitor of the host computer 134 can be
generated. |

Once the host computer 134 has been notified to expect a delay, the disc

30 ~drive 100 next performs a spin-up calibration at block 216 which is similar to that



stores thesavpaysasmser val ues in selected service tracks on t hBCHUS%11$86
di sposed 20 outside the recording bands of tracks used to store user
data. As is conventional, during initialization of the disc drive 100 the
paranmeters are transferred fromthe flash nmenory 140 to various circuits of
the PWA 132, such as the read/wite chanpgl. 144 and the servo circuit 148,
to enable these circuits to operate at an optimal |evel during normal

operation of th |- SG kT W 1Lkl I bs
manuf act uri ng vgaﬁﬂigé‘gmg%l%g%g%&lgﬁff%rsbnlgﬁ (:)ng_'véf {Jes géﬁeﬂétt@%rt%% %EélE%pEEPRO\/I

130 by the cont ralibistiones bisck1BiG wilhlikély caleiongeratearn thait bl bidek ZOBPROMEL30 by
way of a standard serial bus (identified at 150 in FIG,  3). In_a preferred
enbodi ment . t he qen@lLiBXOCEHPH A 3G Mayrhave ta rdiusttheropfigunatiprof/thesfrmwasogn i n

T 0 Bt B RASBPRRfon oFERHIA AT
Serial Nunmber  reflected by the product information from the EEPROM 130) and may also need
to perform calibration operations necessary to enable safé loziding of the heads
120 over the discs 106.

Because the parameter values necessary to optimize operation of the HDA

101 are stored on the service tracks of the HDA 101 , these parameters are next

10 downloaded and stored in the flash memory 140, as indicated by blocks 218 énd
220. As will be recognized, it"rﬁay be necessary to transfer the parameter values
“from the discs 106 to the host computer 134 and then use the host computer 134
to write the parameter values to the flash memory 140. Such operation can also
be made transparent to the user of the host computer 134, or can be made to

15 require user intervention. It will be. recognized thai such routines are presently
used by disc drive manufacturers to initially write the parameter values to the
ﬂa;sh memory 140 during original disc drive manufacturing and so are well
within the ability of those skilled in the art to implement. It may be desirable at
this time to further update the flash memory 140 with the product information

20 retrieved from the EEPROM 130, so as to eliminate future mismatch conditions
when the disc drive 100 is subsequently initialized. -

Finally, once the appropriate parameter values for the HDA 101 have
been transferred to the flash memory 140, the routine of FIG. 4 continues as
before to complete initialization of the disc drive 100, block 210, after which the

25 routine ends at block 212 and the drive is ready for normal operétion.

It will now be clear that the present invention provides significant
advantages in that the product information associated with the HDA 101 is at all
times electronically stored in the HDA 101 and accessed each time that the disc
drive 100 is initialized. Accordingly, PWAs 132 can be readily swapped during

30 manufacturing or in the field without risking host timeout errors or damage to the



14-15 Reserwgsholmbize |. Wth reference to Table I., Product FREIYSIBY1356
single byte value which 10 Identifies a particular product famly, which
is defined as an overall group of disc drive products that use nom nally
identical PWAs, firmware, and major interface configurations, but have
varying HDA configurations. Product Fam|ysMenber, a single byte val ue,
identifies the particular nodel type from ?he product fam|ly, distinguished
by a particul ar ﬁonfiguration for the HDA 101 (such as drive 15 hei ght,
data capacity, Hi&r “of discs, etc. ). World Wde Nane, an eight byte

value, is a unique idenhol FE'fofﬂir‘%)ﬁ ofi disclebing’ € péierred\embolimdi theecogni zed
by those skilled in the ar rld Wde Nane is part of a Fibre Channel

conventi on whi chEERRGNM 136 hasrtieen presented herain, t!ilmlhba memgmzqd thatother types of |
particular drive on a obal network, drive is

wher
Dhvsi cal Ly | ocat BARTRIAHOREBION, dOWCes o4h b cadil, uiet ﬁ%?@?@v&ﬁﬁ&ﬂrcmﬁatt. ol e
i ve | & 25! gnegh i fopWtopl S SINBIAILR IR ook 221 AbroiEbelockfon

f our byte val ue used I nterna e nanu act ur as a uni que

identifier for eMHB&anatxlé’hfedeSerceaieca\lsahm se(rﬁ[[ s @150 innBiG. ) eantbee
HDA 101 from ot her nom nal Iel I dent i cal_HDAs during t he manufacturing
process and al soiRferReateddn WPG&tSBDgﬁEXPFQmG(ﬁf%ﬂFJ‘?“WﬁBWWY WAt cothethe

A 10L& PR el b, BE DO b B8R R R Solon
(whether interior to or exterior to the HDA 101) can be selected, as long as the
10 non-volatile memory device remains associated with the HDA 101 should thé
| associated PWA 132 of the disc-'drive 100 be removed from the HDA 101, and as
long as the non-volatile memory device is electrically accessible by the PWA 132
during initialization of the disc drive 100.
In view of the foregoihg, it will be understood that the present invention
15 is directed to an apparatus and method for improving the operational
performance of a disc drive (such as 100) through the identification of vital
product information associated with a head-disc assembly (101) of the disc drive.
The disc drive comprises a printed wiring assembly (132) housing control
circuitry for the disc drive. The head-disc assembly is operably cbupled to the
20 printed wiring assembly and includes a rotatable disc (106) to which data are
written by a controllably 'positionable head (120).
A non-volatile memory device (130) is mounted on the HDA and
operably coupled to the PWA so that, when the disc drive is initialized, the PWA
 verifies the configuration of the HDA before proceeding with the initialization of
25 the disc drive, thereby preventing errors and damage to the disc drive as a result
of the installation of a new, replacement PWA in the disc drive or the installation
of new, incorrect firmware. _
For the purposes of the appended claims, it will be understood that the
terms “circuit” and “circuitry” will be broadly understood as consistently used

30 hereinabove to cover both hardware and firmware types of electronic



under st ood th@jggtqlamsproduct'information of Table |I. has been dipgalmedidser

purposes of illustration and is not limting; that is, other types of
el ectronically 30 stored product information can readily be used in the
practice of the present -10- invention, so long as the information

serves to at least identify the configuration of the HDA - 101. It is
therefore contenplated that during the ma ﬁf acture of the disc drive 100,

i m t.h t,i | e.of the disc
G ve 5 100 sy, JT 1 s RHE R Roternevill B AEG0Y 1o Boverei G
3) and on the af BieRRfitdl QtsaﬁegtsS@waﬁ@ dtive Withort tﬁél%nﬁf{oﬁ@ﬁ‘c&iﬁ‘?'of% ikrnally

1
appropriate point during manuf acturi ng process, e control processor
136 further wits®unted, perookable pridted miri'ngrassetnﬁ[p.ﬁlmelphrmig?d&%ﬁﬂfwn’%dtﬁohhe
disc drive 100 to_the EEPROM 130 and to the flash nenor 40. Thereafter,
the disc drive 198 Resadss®as cORHefgRHy veed hermﬂm\fﬁaqoi%ncnbeomggmmm?m
130 during drive,d.0Ldial. [ | (. that will .n e scussed.
Ref erri ng tg FIG érg%:st ey ﬁ%ﬁv%nél@tt CEeé?}tel|f}Jn{l,}iegma g@‘%@PBP?%’&"ﬁ‘B%O%F u tﬁﬁ _

I NITEALI ZATI ON 1 iiformdtichihowdint Fabl Bladbdves The phesentigétroricAlly #6Ra° JRITIHRY
stored in the flash nmemory 140 and utilized by the control processor %36
during understood as consistently used hereinabove to relate to a storage configuration

that is readable by a computer or similar circuit and will not be extended to cover
a non-electronic form of storage, such as storage in a human-readable or opti_cail
10 machine-readable (i.e., barcode scanner) form, such as with adhesive labels that
| are applied to the exterior surface an HDA. The phrase “non-volatile memory
device” will be understood as cdnsiétenﬂy used hereinabove to describe electronic
device which can store data in memory and retain the stored data even when
supplied power is removed from the device, such as the EEPROM 130, and will
15 not be extended to cover magnetic storage of data on a disc such as 106. |
It will be further understood that various claim steps have been identified
using numbering and lettering solely as an aid in readability and understanding,
- so that such identification will not limit the claims to the particular ordering of
the steps shown. |
20 It will be clear that the present invention is well adapted to attain the ends
and advahtages mentioned as well as those inherent therein. While a presently
preferred embodiment has been described for purposes of this disclosure, |
‘humerous changes may be made which will readily suggest themselves to those
skilled in the art and which are encompassed in the spirit of the invention

25 disclosed and as defined in the appended claims.



|n|t|a%) 5673 of the disc drive 100 such as, for exanpl ectwesniise
d| sc drive 1 urned on after being in a non-operational state. As
shown by bl ock 202, the control processor 136 firfst operates to downl oad
the contents of the EEPROM 130 into the DRAM 138 usi ng—the—seriat—bus 150
(FIG 3). The control processor 136 next cqnpares the duc

I nformation fromthe EEPROM 130 to the prc}guct inf'orrra??ﬁs gt Has Boen Replaced
previously stored in the flash nenory 140, as indicated am H UII*\S _
di scussed above, Gl&iB%: the originally installed PWA 132 r ' t he
disc drive 100 (i.e., no PWA repl acenent or firmmvare downl oad have taken
pl ace), the product information fromboth the EEPROM 130 (on the HDA 101)
and the 25 flash manory A dsc(dive, B6mPWbing32) shoul d match, indicating
that all is well and initialization can proceed in a_nornal fashi on. Such
operation is indicatead p:;nt&mmnmsssnw owsing epntedi ojgsaitrhorithe disc dinives and
det ect ed, e flow pro S,.t 0 bI 208 er ei nve.n |onal

calibrati ongoperat i on & gélr“fco?sﬁ@ﬂ Yﬁpﬁamq ?eélat(?gtﬁff’él& %S?R&E'I’ ed
in the art, during the splg;ld.g, .bration the 30  disc drlve 100
initiates rotation of the discs 1 up to operational speed and *-11-

performs certain fine adj ust ratabletdisc;he servo circuit 148 in order to
optim ze the

a controllably positionable read/write head adjacent the disc which
| transfers data between the disc and the printed wiring -
10 assembly; and |
a non-volatile memory device, operably coupled to the printed
wiring assembly, which electronically stores product

information identifying with the head-disc assembly.

15 2. The disc drive of claim 1, wherein the non-volatile memory device
comprises an electrically erasable, electronically programmable read-only

memory device.

3. The disc drive of claim 1, further comprising:
20 a flex circuit assembly, operably coupled between the read/write head and
| ' the. printed wiring a'ssenibly, which provides a signal path for the
transfer of data between the disc and the printed wiring assembly,
wherein the non-volatile memory device is mounted to the flex
circuit assembly.
25
4, The disc drive of claim 1, wherein the control circuitry of the
printed wiring assembly, upon initialization of the disc drive, reads and compares
the electronically stored product information of the non-volatile memory device
with product information stored in non-volatile memory of the printed wiring

30 assembly.
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oper ati on of wigwwm@paC drive 100 in view of existing environnenPaT/US98/11556
condi tions. The heads 120 are noved out over the surfaces of the discs 106
and the disc drive 100 continues its conventional initialization steps,

bl ock 210, at the conclusion of 5. whi ch the I NI TIALI ZATI ON routine ends
at 212 and the .disc drive 100 notifies theggchost conputer 134 (FIG 3) that
the drive is ready for normal operation. wever, when the PWA 132 has been

| d that the HDA 101 i ' it . ) | ,
i Deassad above t ho paranetsp dse e e MpdhaiRied prioll RERE DS, 0
new PWA (whi ch whhheigd sehiRf cird@itiy for @ dfdc _drivé%&iarheﬁé-dls%@sséfﬁylyfbﬁi}grably

necessarily reflect values that will optim ze drive performance. reover,
if the firmare obuplédtathe pPinted @iringxassemblya thi héadrdise adsembilyaineluding a

T L heable 5y Whish daacer i SanSalsbiE hos Mot LEgIaor oo
ZPecty oni casty ofRR L ibung pRTbURRR: GRRPLRRNSR) SRR Oy ot

L or TRt on el ot on e dipcrubiatl vt protuesinformron idetfiteing ich féheas
wherei n the cont ol procesdic ERIPIDE WROTTIS] veup psemb b bedkpdet 2
The gperation of block 214 q‘%?ﬁ%?ﬁ?h%ﬁqunﬁseful when the disc drive 100

i's incorporated into gpresthphriig thepyédvet irfdrrdtRnM6iedGAIpAAted 3riRRY have
a predeterm ned tirreffqg}r:re I'n Wr%ichtpit expects the disc dri\%e 100 t(ﬁ)fg -

conplete 10 - assembly with the product information stored in the head-disc

-

aSSembly.

6. The method of claim 5, further comprising steps of:
(c) replacing the printed wirihg assembly with a new, nominally identical
15 printed wiring assembly in which different product information is
stored;
(d) detecting a mismatch between the product information stored in the
 head-disc assembly and the product information stored in the new,
nominally identical printed wiring assembly; and

20 (e) configuring the disc drive in response to the detected mismatch.

7. The method of claim 6, furthef comprising steps of:
(f) updating the printed wiring assembly with the product information
from the head-disc assembly.
25 '
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initializatigp @RdeRe ready for nornmal operation. Thus, the f | peTodsokh (3564
serves to prevent errors declared by the host conputer 134 when the disc
drive 100 fails 25 toinitialize within such a tinmeframe. For reference,
the notification to the host may be nade transparent to a user of the host
conputer 134, or alternatively, a user-reaﬂa e nmessage displayed on a

noni tor of the host conputer 134 can be ge ed. Once the host conputer
134 has been notiffged to expect a delay, the disc 30 drive 100 next
perfornms a spin-up cal™Ngration at block 216 which is simlar to that

-12- as previously discu bl ock 208. It is contenplated that the
spin-up calibration of blo N | Iikb4y\nge | onger than that of bl ock
208, as the contr ol _have. t0n pust _the configuratijon of
the firmvare to anfarrangerre ‘ PO Er—E

5

configuration of the G:} 101 (as i ngt i on
fromthe EEPROM 130) _arQ/)mpy—al-so0 ar orgs
necessary to enabl ¢ |saf e | qadjnp| of 00.
Because t he paranetdr val ud€ole he HPA 101
next -

are stored orQthe $qrvice trackg

102 —

— 106




" ability of those

10 down glg And stored in the flash menory 140, as indi ®GTAPIBHISS6
bl ocks 218 an 8. As will be recognized, it nay be necessary to transfer
the paraneter values fromthe discs 106 to the host conputer 134 and then
use the host conputer 134 to wite the paraneter values to the flash nenory
140. Such operation can al so be nmade transgpatent to the user of the host
conputer 134, or can be made to 15 reEZ'r user intervention. It wll be
recogni zed that such routines are presently used by disc drive
manuf acturers to initially wite the paranmeter values to the flash nenory
140 during original_disc drive manufacturing and so are well within the
Eﬂl in the art to inplenent. It may be desirable at

this tine h% further update the flas o@ory 140 26 the product 1
informatio ?O Leved am.t Ae PROM 120 0.3 0_elimnat e ?Ere
m smatch conditipns wherrthe disc drive[ttp o privseetrentiy—init-rered ;
Finally, once t ~Val ugs—f g he HDA 101 have fDee

appfopri gf€ para
transferred to tthe fl ash ng r outt Ap—e S 8

before to conpletye in tgl il zat i-on ‘of di se-Tfive 100, bl ck 21J A

whi ch the 25 routine]emnds at bl ock 12 adtbhemdiiiigmi-s—i-oadyfor)
nor mal operation. i ‘ hat Che| present invention proviidgs
significant1 v 3 ir:é =—product ithWhe
HDA 101 is at alfl ti ma% ctyonica stored-Ih the and acces$ed
- each time that tfhe di $crgri ve nitial i&gm can
be readily swapped du i@ 30 man

I
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-13- drive. %{9 gy for purposes of disclosing a preferred enipedinehiisee
EEPROM 130 has Been presented herein, it will be recognized that other

types of non-volatile nmenory devices can be readily used in the practice of
the present 5 i nvention. Mreover, although the flex circuit board 124
is a preferred |location for the non- vol atile nmenory devi ce because the
serial bus (150 in FIG 3) can be incorpor&A® into the existing flex -

ri bbon of the flex circuit assenbly 122, other |ocations on the HDA 101 may
be selected as desired. Particularly, any |ocation (whether interior to or
exterior to the HDA 101) can be selected, as long as the 10 ,

non-vol atil e nmenory deV|ce remai pa 208 o0ci ated with the HDA 101 shoul d the
associ ated PWA 13261 Tt t++ve 100 be renoved fromthe HDA 101, and

disc drive 100. In view of the
the present |nvent|on 15 i's

PWA 132 during i
foregoing, it wll

performance of a di 3s 100) throjugh the identificafion of
vital product infor ¢d with a hepd-di sc assenbly (f101) of the
di sc drive. EEPROM 214
204 INFORM HOST
- l — OF DELAY
COMPARE .
CONTENTS TO l /r?216
FLASH i
. PERFORM
SPIN-UP
CALIBRATION
l 218
\ READ DRIVE
PARAMETERS
FROM DISC
NO
PERFORM LOAD
SPIN-UP PARAMETERS
CALIBRATION INTO FLASH
210
CONTINUE
INITIALIZATION

212

. <l
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The disc drjve conmprises a printed wiring assenbly (132)icr‘usi ng ebdtiol 55 &
circuitry for the disc drive. The head-disc assenbly is operably coupled to

t he 20 printed wiring assenbly and includes a rotatabte disc (106) to

whi ch data are witten by a controll ably positionabl e head—{(320)—A

non-vol atile nmenory device (130) is nmounted on the HDA and_operably coupled
to the PWA so that, when the disc drive i"8initialized, thEisSheetHasBeenReplaced

t he configurati og (i)£ the HDA before proceeding with the ini ‘ [ ﬂ

25 t he disc .- thereby preventing errors and damage [

drive as a result of the installation of a new, replacenent PWA in the disc
drive or the installation of new, incorrect firmware. For the purposes of

t he appended clainms, 1t wi A disedriveictomprising:hat the terns "circuit' and
"circuitry” will be broadly understoad as consistentlv used._.30 . .
ner ei nabove 1o cover  bETTHVAE By SEPREPE SPIRRLIRIREY s tpe i driveyp
99/ 16073 and PCTI US98/ 11556
-14- configurations. The phrase "head-di sc assenbly” will be understood to
cover nechani cal aspegheaddisa assemblyjropesably coupled tchthe puimtedowiring assembly, of
an externally nounted, renovabl.e gri nted wiring assenbly. The phrase
"product informtion" comprising:

a "housirig;

a rotatable disc configured for rotation within the housing;

o 10 a controllably positioﬁable read/write heéd adjacent the disc wﬁich ,
transfers data between the disc and ﬂie pfintéd wiring
assembly;

a flex circuit assembly, disposed within the housing and electrically
connected to the read/write head and the printed wiring

15 o assembly, which provides a signal path for the transfer of
data betweeh the disc and the printed wiring assembly; and

a non-volatile memory device, disposed within the housing and
affixed to the flex circuit assembly, which electronically
_ stores product informati_on identifying a configuration of the
20 head-disc assembly.

2. The disc drive of claim 1, wherein the non-volatile memory device

comprises an electrically erasable, electronically programmable read-only memory

device.

25

4, The disc drive of claim 1, wherein the control circuitry of the

printed wiring assembly, upon initialization of the disc drive, reads and compares
the electronically stored product information of the non-volatile memory device
with product information stored in non-volatile memory of the printed wiring

30 assembly.
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- “ N T ey
wi || be-understood as consistently used hereinabove to describe infdéfiati én.f -
that 5 - serves to at least identify the configuration of igiparticular _r,‘mT ar
HDA such as the information shown in Table |I. above. The phrase EAR BN
"electronically stored” will be understood as consistently used herei nabove
torelate to a storage configuration that is _readable by a conputer or
simlar circuit and will not be extended to d8ver a non-el ectronic form of

storage, such as storage inpg w%égf@ég%ﬁe ﬂvil&g%]bﬂﬁ{ed.]v%iné Assembl

machi ne-readabl e (i.e., barcode scann rm. s as wt eal' V& | abel s

that are appli ed stgpdrting exdteslicircuiity forake disc dbite afidie hehd-die assemibly @paiablye
menory device" wll be understood as consistently used herei nabove to .

descri be el ect r ospepladia te puntehwiring assemblyd theahdad-dismasssmbliichousingi aratateble

stored data gven when su | we S .renpv fromithe.device, . such as .
“the EEPROM 130, Sﬁﬁﬁwvﬁ?‘aﬁéﬁqréo‘?{&?‘%@y A& 8@%"@’@8‘6\9&?"1@5"}?@??%3 ?%67%’58“
of data on a di SgsseHfblly pfovidifig alsigndl path ¥6r fheltidnSfer WP dfta VeRPctn! ha Wik aIndAHS
cl ai m st eps have been 1 denti-fred using nunbering and lettering sofel y as an
ai d in readabil i pyinteddwiringeassanabiyi agethod foh aptimiring performance af thendisé tive,ot
limt the clains to the particular ordering of the steps shown. 20

It will be clear “PRBISPESERS Obent jnvention is well adapted to attain the

ends and advant ages t %%E ' re . Is '
presently preferred e Oéél men %&ﬁ%‘éﬁ%‘%@?’?g]&’ﬁhﬁ%“r géﬂélikotgé g‘é&oﬁh%%‘g'd%c
di scl osur e, 10wner ous. changassemmbly hieboth defirshnelivatatile themeky devidedsetie flex-

thensel ves to those skilled in the art and which are enconpassed in the
spirit of the invention circuit assembly and a second non-volatile memory device on the

printed wiring assembly; and
(b) comparing the product information stored in the first non-volatile
memory device with the product information stored in the second

15 non-volatile memory device.

6. The method of claim 5, further comprising steps of:
(c) replacing the printed wiririg assembly with a new, nominally ideﬁtical
printed wiring assembly having a third non-volatile memory device
20 _ in which different product information is stored; |
- (d) detecting a mismatch between the product information stored in the first

non-volatile memory device and the third non-volatile memory

device; and

can | —

(e) configuring the disc drive in response to the detected mismatch.

25
7. The method of clai;rl 6, further comprising steps of:
(f) updating the third non-volatile rﬁemory device with the product
information from _
the first non-volatile memory deviee. -
i
e e
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25 _ .disclosed and as defined in the appended clai ns. 1. A dise—drtve
conpri-sing: a printed wiring assenbly supporting cont rol circuitr

fqr
disc‘drive; 5 and a head-di sc assenbly, oper alihis Shestigds o %‘g
printed wiring assenbly, conprising: a houk¥ng; a rotatabl \ed
for rotation Mt é’_n t he housing; a controllably positionab i

head adj acent *di sc which transfers 10 data between the
disc and the printed wiring assenbly; a flex circuit assenbly, disposed

wi thin the housing and el ectrically connected to the read/ wite head and

the printed wiring ads@isijive GPMPASIBE:ovi des a signal path for the transfer

of data between the. disc. ' o : Gg?& [ e a
non-vol atile int é‘gﬁ"é’?ed‘”é Fcu%%?&r%gé%&f%%@gfwcdl Spo eémvl\? t&ﬁgﬁﬁ?%e housi ng
and affixed to the flamg circuit assenbly, which electronically stores
product information associ ated with_ the head-di sc.assenbl re the..
product is acces ?é&aéﬁﬂcﬁéseﬁ?ﬁﬁt‘@&r X‘F%’Q?%stggl?ﬁﬂ%me Wmng S o CHTRISING:

drive of claim1, V\he‘rlpd'ugin%pe non-vol atile integrated circuit nmenory

-

a rotatable disc supported for rotation within the housing;
10 : a controllably positionable read/write head adjacent the disc which
transfers data between the disc and the printed wiring assembly;
. a flex circuit assembly, disposed within the housing and electrically connected
- to the read/write head and the printed wiring assembly, which provides a
signal path for the transfer of data between the disc and the printed wiring
15 assembly; and
a non-volatile integrated memory device, disposed within the housing and affixed to
the flex circuit assembly, which electronically stores product information
associated with the head-disc assembly, where the product is accessed by the
printed wiring assembly.
20
2. The disc drive of claim 1, wherein the non-volatile integrated circuit
memory device comprises an electrically erasable, electronically programmable read-

ohly memory device.

25 3. The disc drive of claim 1, wherein the control circuitry of the printed
wiring assembly, upon initialization of the disc drive, reads and compares the
electronically stored product information of the non-volatile memory device with product

information stored in non-volatile memory of the printed wiring assembly.

30 4. In a disc drive of the type having a printed wiring assembly supporting
control circuitry for the disc drive and a head-disc assembly operably coupled to the

printed wiring assembly, the head-disc assembly housing a rotatable disc to which data
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device conprises an electrically erasable, electronically programuable
read-only menory device. 3. The disc drive of claim1, wherein the control
circuitry of the printed wiring 25 assenbly, upon initialization of the
di sc-drive, reads and conpares the el ectroeht-cally stored product

I nformati on of the non-volatile nmenory device with product information
stored in non-volatile nenory of the printed wiring assenbly. 4. In a disc

drive of the gyRgitteR vy aGoRtrMldbl¥ Sebitidriablethead ard'd x-Sl adstmblycmovidirg 830
circuitry for the disc drive and a head-di sc assenbly operably coupled to

é he p {i n\tlﬁ_d \rr]&ignahgathﬁsretlzguypsfm datachetweancthe dise gpd theipsinted wirkigrassenbipi &
I SC (0] I C 1 = -. i i Lol
and a1 ox- ciPend for oplififing B EYlhbe Bt MY e oY Qmiilok I D000 © fead

data between t(ay elcménioall) sttdmg(}ﬁrbam dnfolrhativgh ssscotattd withahevdadatisd assembly in
|

optim zing performance of the sc_drive, copprisjng steps of:
el ectronixal |y st or ibeth pHestinen-velatilmemeryexics ou;thg E"W&Ht ?ﬁ%@‘nﬁ]g)a?&d@i sc

Flox ol poult  assenbi*seRdRBLRIS i OBt Beiofy SRRYoh MEplibRaMhg”
devi ce on the print egsembly;ng assenbly; and
and
(b) comparing the product information stored in the first non-volatile integrated circuit
10 memory device with the product information stored in the second non-volatile

integrated circuit memory device.

5.  The method of claim 4, further comprising steps of:
(c) replacing the printed wiring assembly with a new, nominally identical printed
15 wiring assembly having a third non-volatile integrated circuit memory device in
which different product information is stored;
(d) detecting a mismatch between the product information stored in the first non-
volatile integrated circuit memory device and the third non-volatile integrated
circuit memory device; and

20 (e) configuring the disc drive in response to the detected mismatch.

6. The method of claim 4, further comprising steps of:
(f) updating the third non-volatile integrated circuit memory device with the product

information from the first non-volatile integrated circuit memory device.
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(b) - conparlng t he product information stored in the first non-volatile
integrated circuit 10 menory device with the product information
stored:in the second non-vol atil e integrated circuit nmenory device. 5. The
met hod of claim4, further conprising steps of: (c) replacing the printed
wiring assenbly with a new, nomnally identical printed 15 W ring
assenbly having a third non-volatile integrated circuit nenory device in
whi eh di fferent product information is St or ed; (d) detecting a m smatch
between the product information stored in the first non- volatile

i ntegrat ed ci DetgiledMeseniptioevi ce and the third non-vol atile integrated
circuit nenory device; and 20 (e) configuring the disc drive in response

to the detected m tch. 6. hod of claim4, further npr i Si
Steps of - (1) updatiSHEHEHEOHP G brPoamABFIeR  tiee PlAnGHiew o S driroRty
device with tRgndphefdGh ae:d&@ahe@wlm étr.&faﬁae& BRibbdintnt BPMe pRsht ihFertigh e9r at ed
circuit nenory device. EET
The d1sc dnve 100 mcludes a head-disc assembly (HDA) 101 and a disc drive
5 printed wiring assembly (PWA) which is mounted to the underside of the HDA 101 to

complete the disc drive 100. Although not shown in FIG.1, the PWA provides control

circuitry necessary to control the operation of the HDA 101 and to transfer data
between the HDA 101 and a host computer in which the disc drive 100 can be
mounted.
As shown in FIG.1, the HDA 101 includes a base casting 102 which supports
10 various components of interest and cooperates with a top cover (which has been
omitted from FIG. 1) to form an internal, sealed environment for the disc drive 100.
Mounted to the base casting 102 is a spindle motor 104 to which five magnetic discs
106 (only the top one of which is visible) are axially mounted for rotation at a
constant high speed. A disc clamp 108 secures the discs 106 to the spindle motor 104,
15 A rotary actuator assembly 110 is mounted to the base casting 102 for rotation
about a cartridge bearing assembly 112 in response to currents applied to a coil 113 of
a voice coil motor (VCM) 114. The actuator assembly includes a plurality of rigid
arms 116 which extend into the stack of discs 106 as shown, with each of the rigid
arms 116 having an associated flexible suspension assembly 118 extending therefrom.
20 Heads 120 are affixed to each of the suspension assemblies 118. The heads
120 include read and write elements which magnetically interact with the disc
recording surfaces. The heads 120 are further provided with slider assemblies which
support the heads 120 upon air bearings established by wind currents set up by the
high speed rotation of the discs 106.
25 A latch assembly 121 secures the actuator assembly 110 in a park position

when the disc drive 100 is non-operational, and a flex assembly (generally
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1. A disc drive comprising:
a printed wiring assembly supporting control circuitry for the disc drive;
and
a head-disc assembly, operably coupled to the printed wiring assembly, comprising:
a housing;
a rotatable disc supported for rotation within the housing;
a controllably positionable read/write head adjacent the disc which transfers
data between the disc and the printed wiring assembly;
a flex circuit assembly, disposed within the housing and electrically connected
to the read/write head and the printed wiring assembly, which provides
a signal path for the transfer of data between the disc and the printed
wiring assembly; and
anon-volatile integrated circuit memory device, disposed within the
housing and affixed to the flex circuit assembly, which electronically
stores product information associated with the head-disc assembly,

where the product is accessed by the printed wiring assembly.

2.  The disc drive of claim 1, wherein the non-volatile integrated circuit memory
device comprises an electrically erasable, electronically programmable read-only

memory device.

3. The disc drive of claim 1, wherein the control circuitry of the printed wiring
assembly, upon initialization of the disc drive, reads and compares the electronically
stored product information of the non-volatile memory device with product

information stored in non-volatile memory of the printed wiring assembly.

4. Inadisc drive of the type having a printed wiring assembly supporting control
circuitry for the disc drive and a head-disc assembly operably coupled to the printed

wiring assembly, the head-disc aésembly housing a rotatable disc to which data
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