2 0 FEB 2004 1 HEAD DI SC ASSEMBLY CONFI GURATI ON  AND ASSEMBLY CONZHDIFER 2004
SYSTEMFOR A DISC DRIVE 5 10 15 20 25 Field of the Invention The present
i nvention relates generally to the field of disc drive data storage

" devices, and nore particularly, but not by way of limtation, to an
assenbly and configuration control systemfor a head disc assenbly of a
di sc drive. Background Mbddem hard disc drives are conmmonly used in a
mul titude of conputer enyg %SﬁML@CU uters t hrough
not ebook conputers, to SARIPAS ~Qq95ﬂﬁ§u3£22§§%§g' ormthat can be
made readily available to a user I'SC r|ve conpri ses one
or nore magnetic discs that are rotategﬁﬁb spi ndl e notor at a constant
hi gh speed. The surface of each disc is a data recording surface divided
into a series of generally concentric recording tracks radially spaced
across a band having an inner dianmeter and an outer dianmeter. The data
tracks extend around the disc and store data within the tracks on the
disc surfaces in the formof magnetic flux transitions. The fl ux
transitions are induced by an array of transducers, otherw se comonly
called read/wite heads. Typically, each data track 1is divided into a
nunber of data sectors that store fixed sized data bl ocks. The read/wite
heag includes an interactive el enpld AR IavertionBoneti ¢ transducer, which
senses the magnetic transitions on a selected data track to read the dat a
stored on the trathe prasentinnentiorralates generablado e fiedd hbdide dmméata storage
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“head is nou nédﬂﬁghfau%nrcﬁhﬁdib/syét@hﬂﬁf Qheacmls@ aRembly ofalditdritel v pOS i tionable
by the actuator arm over a selected data track of 2 0 FEB 2004
10 Background
Modern hard disc drives are commonly used in a multitude of computer
environments, ranging from super computers through notebook computers, to store
large amounts of data in a form that can be made readily available to a user.
Typically, a disc drive comprises one or more magnetic discs that are rotated by a
15 spindle motor at a constant high speed. The surface of each disc is a data recording
surface divided into a series of generally concentric recordihg tracks radially spaced
across a band having an inner diameter and an outer diameter. The data tracks
extend around the disc and store data within the tracks on the disc surfaces in the
form of magnetic flux transitions. The flux transitions are induced by an array of
20 transducers, otherwise commonly called read/write heads. Typically, each data track
is divided into a number of data sectors that store fixed sized data blocks.
The read/write head includes an interactive element such as a magnetic
transducer, which senses the magnetic transitions on a selected data track to read the
data stored on the track. Alternatively, the read/write head transmits an electrical
25 signal that induces magnetic transitions on the selected data track to write data to the

track.

As is known in the art, each read/write head is mounted to a rotary actuator

arm and is selectively positionable by the actuator arm over a selected data track of
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5 10 15 20 25 30 the disc to either read data fromor wite data t@ OHeER 2604
sel ected data track. The read/wite head includes a slider assenbly
having an air-bearing surface that causes the read/wite head to fly
above the disc surface. The air bearing is developed as a result of |oad .
forces applied to the read/wite head by a load arminteracting with air
currents that are produced by rotation of the disc. Typically, a plurality
of open-center discs and open-centered spacer rings are alternately
stacked on the hub of a spindle notor, followed by the attachnment of a
clanmpring to forma disc pack or disc stack. The hub, defining the core of
the stack, thediseso éitheakéa@rdatahﬁoﬂiosamtaadtascp&ﬁ%elebtfea@ataamun¢ha conmon
centerline. Muvenent aof the discs and spacer rings is typical

const r ai ned 153/ yrithssddadpdes 4 didar assembly having agypir gawéaqeﬁbat CRHgES

read/ wite hg d Rt . whi ch
conpose an ac?g%t or gglggdngpﬂ comn%@%lgr¥ed%hégﬁpg%rf@%“ acc égi;%‘ssd t he
surfaces of rehst cffloakfedcadi apphecbfo thé Beadl\mie heakby T headBrinlintekactihg with air
general ly incl ude%Br ead/ wr,i t hea?aé i ch conduct electrical signals

fromthe r XGPS aéaﬁee%’t?gu‘f 1¥¢-which, in turn, conducts the
el ectrical 'si gnal gy, aerurm@@fepéxpwr&erméqn@sﬁamnyeréﬂﬁber itk he

E-block is nerged With di sc ck into a base deck and 'a cover

attached to altemately etad@ﬁl@athn dub 06a§mndlgsmfbt yollqwgdAy the att@ﬁhmt Of:@r a

o d0a 636 ordnEpte Rerohed e nERBTAI Yeb b EPBHERRRE theriols bR albky

April 11, 199Bvesto ﬁﬁ%{ the gliges eid sPacer rivgsiapned 4 cniién earérne eMovemeine
~present inventjon.

head- di s¢ assenbl y gHDAq)l, of a disc drive is
typdcal |y asefdhofises and spacerirings is typically, gons by arRmPFEENe 1939 nai nt ai ni ng
a clean roomy eniroy rg(};qﬁ nun W rger)
isto ensurenih he hea ?S%ﬁ?’ér?{é‘%@g‘?’mﬁ@ﬁnenc&ﬁﬁé& d’%ﬂﬁg’a
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characterized as
15 read/write heads to a flex circuit which, in turn, conducts the electrical signals to a

printed circuit board assembly (PCB). When the E-block is merged with the disc
pack into a base deck and a cover is attached to the base deck a head-disc assembly
(HDA) is formed. For a general discussion of E-block assembly techniques, see
U.S. Patent No. 5,404,636 entitled METHOD OF ASSEMBLING A DISC DRIVE

20 ACTUATOR issued April 11, 1995 to Stefansky et al., assigned to the assignee of
the present invention.

The head-disc assembly (HDA) of a disc drive is typically assembled in a
clean room environment. The need for maintaining a clean room environment (free
of contaminants of 0.3 micron and larger) is to ensure the head-disc interface

25 remains unéncumbered and damage free. The slightest damage to the surface of a
disc or read/write head can result in a catastrophic failure of the disc drive. The
primary causes of catastrophic failure, particularly read/write head crashes (a non-
recoverable, catastrophic failure of the disc drive) are generally characterized as
contamination, exposure to mechanically induced shock, and non-shock induced

30 damage. The source of non-shock induced damage is typically traced to the

assembly process, and generally stems from handling damage sustained by the disc
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cont ani nation, exposure to nechanically induced shock, and non-sho@k0 FEB 7004
I nduced damage. The source of non-shock induced danage is typically

traced to the assenbly process, and generally stens from handling danage
sustained by the disc 2 0 F EBB 2004 drive during the assenbly process. .
Several factors that bear particularly on the problemof assenbly process

I nduced damage are the physical size of the disc drive, the spacing of the
conponents, the recording densities sought to be achieved and the |evel of
precision 5 to be nmaintained during the assenbly process. The high |evels

of precision required by the assenbly process are necessary to attain the
oper at i onal droteglusingdle assepublyquocdsy. t he di sc drive. The rigorous

operational toler@ances_.are in.response,t ket .. demands at _have driven
the need to decr e_svgmﬁlﬁ%ct?fﬁ%ti?ﬁ pgﬁ}céllaég'ogftégp{ﬂbll%o SF@Bgsf?rﬂﬁ‘fsﬁaneoysl y
i ncreasi ng dindGeeddadigs bR tAE Bhesidud Sizk b HRWiRairive! (BRpLiddofthar act eri stics.

Demands on disc drive nechanical conponents and assenbly procedures have
becone i ncr ekemnegentsithe secording densitias seught to boachigysd and dredayeliof pyecisien si ze

in the face, Qf 1hes . e -1 | Akl '
oritical 1 oreshifitiel SR ol ARG esL ke B ROLS of BrichidibHabflea
result in di b(}cthdraksembﬂyf:lpidcesswe ﬁécleléxidytoiawg?i thy ppaaﬁd’i&f(lj mlel:raiﬁm réq@stredns
continue to decrease jn sjze, snmaller re wite eads, thijnner
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assenbl i es Widphande Hat Rae difveihd REAMBALGERE thé‘;%lﬂrsic‘ﬁ?si?é biV&iSe drivé whilé end

significantly 1ncreasing the need to inprove the assenbly processes to
(p.r ot ect the simaitAngonsly indreasitg discidrivesstorage capadigyrangbperfosmian¢eng f r om

I ncj dent al Cq{]atgﬁaﬁl:?t' pet ween mating 20 conponents. The aforenenti oned
fadors resuf TBUP%erease the difficulty of assenmbling disc drives. As
the assenbly procpgmaf®Co®Esc 8@vemettahicalddmpdnBhts AR dsseMbly proeedurésew
tools, nethods, and control systens to deal with the energin

conpl exi t i eshaygdecame inseeagingh mpss driticaldaerésr te smpertsapabilily asdsizein the t he

size and perfafgégmg& ﬁé@)&%ﬁ%a@w]&& éné}élr:i?@&{in c%x%c%&ion%i ven

requirenents ever i ncreasi ng r or mance. progression
of conti nual ititibiesria f@sd magdiudle of Bintikioeinch editreslilein digradrivefailiregiet her wit h

i ncreasing track density, and increasing nunbers of, djscs ip the di.sc pack,
hads resul t efddigonallye At AigC AeVe designs co Wﬂéle%rﬁﬂﬁec‘Bﬁ’czF(ﬂm@{}H Ve ever

i ncreasi ng i : r : 1ETATR

sophi sti cat e%&gg’st@hogfgr?g%gea’l}ls% rtﬁ?@ﬁ]}gﬁggﬁﬁy ecnggggi ng rﬁfgﬁn%%a}l of
assenbl y t asissemblies willngntihuetotbedpenrporated into the drives. This trend significantly

LD

increasing the need to improve the assembly processes to protect the read/write
‘heads and discs from damage resulting from incidental contact between mating

20 components. The aforementioned factors resultantly increase the difficulty of
assembling disc drives. As the assembly process becomes more difficult, the need to
invent new tools, methods, and control systems to deal with the emerging
complexities pose unique problems in need of solutions.

Coupled with the size and performance improvement demands is further

25 market driven requirements for ever increasing fault free performance. The
progression of continually decreasing disc thickness and disc spacing, together with
increasing track density and increasing numbers of discs in the disc pack, has
resulted in a demand for tools, methods and control systems of ever increasing
sophistication. A result of the growth in demand for sophisticated assembling

30 equipment has been a decreasing number of assembly tasks involving direct operator

intervention. Many of the tasks involved in modern methods are beyond the



i ntervention. Many of the tasks involved in nodem nethods are beyonfl {f en2 apgy
0 2004 4 5 10 15 20 25 30 capability of operators to reliably and e
repeatedly perform further driving the need for automation equi pnent and
tools. In addition to the difficulties faced in assenbling nodem di sc

drives of high capacity and conpl ex, physical product performance

requi renments have dictated the need to devel op new process technol ogi es

to ensure conpliance with operating specafications. The primary factors
driving nore stringent demands on the nechanical conponents and the

assenbly process are the continually increasing areal densities and data

t ransf er r ateapalfityt dfeopdrataors dio reliably afild @eprated]lyperfogmt figther driving ¢hedheed dri ve

industry is to devel.o r.oducts with ever increasing areal densities,
decr easi ng afteﬁé‘égmta}‘ﬂlgg‘?‘ﬁﬂ eﬁltr?d’rd\é\n%%lf'ng rotational speeds. The conbination
of these factors,nRldafRndb U AFAAATRTERAGR adseRbARE hod¥mUisc AR B ARV O

systenms to control the position of read/wite heads relative to data
tracks. By dwdpety, and apmnlexd physical ppedugt peyfonzmance raquirenesnts haveskidtated theey el

of resistanc 1t s [ ' I | nduce | e ability,
bel dw whi oh ’feﬁé?% 8%%&5@%?§ﬁ%°?%%¢¥%?f’°ﬁ%§+ red. . ‘%“g‘gi*’ige ?’F@e"&glf“g‘ﬁ e of | oad
forces nust dpecifieatidndi Mhe poimdr Eactaradiving htoré stpidigérm demandsorptheper 1y

hei ght for data exchange. The 8perati ngly performgance qf the disc¢ drive

servo syst enifehaprcpkeqraRPnshtsaag tagassembly peacssssarg tingally IgFHERIRg of
mechani cal | Yot diHdfiifled SRAAM el e Sats BN ulsBdrioes, T rom disc surface
anonmalies. Errors are traceable to nechanically 1 nduced noi se that
oscillate at freThecmitingingytrandtih thei disct drivepadustriy ngjtof devlop peodastsovith he

-servo system Even wth i rovedg%F roaches#o t he g)iecneration.of 1position

er fBr si gnal &VeF HCFaRsing;azeal gpasyties, ing pceessfimep, and, ficrqasing gotatipnal v ot o

to deal Wi thgsudd THeSd@bihdtion oTithee fabhss, |pldbetgpeat@idehBdSEH e abllfty O
capability to reliably control the position of the read/wite head
rel ative to mhderdseryotsystetas tueantredthetnosition ofi mad/wrjtehnedsyelative fr datent in
t he HDA

tracks.

By design, a disc drive typically has a discreet threshold level of resistance to

15 withstand rotationally induced noise and instability, below which the servo system is -
not impaired. Also, a fixed range of load forces must be maintained on the
read/write head to ensure proper fly height for data exchange. The operating
performance of the disc drive servo system is affected by mechanical factors beyond
the effects of mechanically induced read/write head oscillation from disc surface

20 anomalies. Errors are traceable to mechanically induced noise that oscillate at
frequencies sympathetic to operating frequencies of the servo system. Even with
improved approaches to the generation of position error signals in the disc drive
servo system, the ability of the system to deal with such issues is finite. The limits
of the servo system capability to reliably control the position of the read/write head

25 relative to the data track must not be consumed by the noise present in the HDA
resulting from the assembly process.

Assuring each disc drive is configured with compatible components is a
challenge faced by disc drive producers. The ability of assuring correct component
configurations reduces the likelihood of performance conflicts encountered by the

30 disc drive over its life. In addition to managing the configuration of the disc drive,

continual monitoring of the aséembly process steps is highly desirable, as a means of



resulting fromthe assenbly process. Assuring each disc drive is 2 0 FEB 2064
configured with conpatible conponents is a challenge faced by disc drive
proeducers. The ability of assuring correct conponent configurations
reduces the likelihood of performance conflicts encountered by the disc
drive over its life. In addition to managing the configuration of the disc
drive, continual nonitoring of the assenbly process steps is highly
desirable, as a neans of 20 5 5 10 15 20525 30 minimzing and limting
damage i nduced into the disc drive by the assenbly process. An ability to
trap and resol ve assenbly problens, at the source of the problem |imts
I/vih nanci al ngf«pbﬁmizﬁng and lgwiting dapage wslukédhiptathe dsscrdziyve bydhsassermably escal at e
en asse robl,ens. persjst undetected. ntrol of both th
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of accomodsbbles, GRARIRMNER] @lpokiredd RSullihg kWeorkingGnd strag cOéts tHag t he
assenbly process as a technique for producing disc drives with anple
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a need for aébnki@ﬁhpﬁléfbrﬁi%ﬂéé?a(:h to disc drive- assenbling technology to
mnimze the potential of damage during assenbly, to produce product that

is design conpl i a@onsanptionlof s availahlel ntacginibpiith aseembelyipaedessileryes nionduced
-system noi se. More particul arl there.is a.need..for.an senbl nd
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leads to field failures and an overall loss in product reliability, a detrimental impact
to product market position.
Thus, in general, there is a need for an improved approach to disc drive-
15 assembling technology to minimize the potential of damage during assembly, to
produce product that is design compliant and reliable, and to minimize mechanically
induced system noise. More particularly, there is a need for an assembly and

configuration control system for an HDA of a disc drive.

20 Summary of the Invention
_ The present invention is directed to a computerized network system
controlling the configuration and assembly steps of head disc assemblies (HDAs),
assembled by an automated disc drive assembly line. With the addition of a disc
drive printed circuit board assembly to the HDA disc drives are formed.

25 In accordance with preferred embodiments, a population of HDAs varying in
configuration are assembled by several assembly stations within the automated disc
drive assembly line. The selection of the assembly stations participating in the
assembly of a particular HDA configuration is dictated by the configuration of the

- HDA being assembled. The computerized network system includes a network

30 server with a master disc drive configuration data structure identifying the

components and subassemblies, and associated serial numbers as appropriate,



controlling the configuration and assenbly steps of head disc assgdkﬁﬁg%Z&M
(HDAs), assenbled by an automated disc drive assenbly line. Wth the
addition of a disc drive printed circuit board assenbly to the HDA disc
drives are formed. In accordance with preferred enbodi ments, a popul ation .
of HDAs varying in configuration are assenbl ed by several assenbly
stations within the automated disc drive assenbly line. The sel ection of
the assenbly stations participating in tkhe assenbly of a particul ar HDA
configuration is dictated by the configuration of the HDA being

assenbl ed. The conputerized network systemincludes a network server wth
a master di seongtifuting eaniy HPdy confignrationa I respense tethedesster idptarsgructuee a host
conponent s and subassenbl.ies, and.associated serial nu rs as
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translates and directs t onstructed Interface si s to
appropri at e aszemblylstationttaekemute corsspanding assemblystapdi Fgr eashdtDAyY st eps. For

each HDA configuration, ,the host conputer generates an approv equence
o asoenbl y Serdiratiac B baFoRp e SRBHES P APMENE! eaufiite bRt eI
stations ar engydtdapy doZRseritle tiy IDARI Selkcied aBselidly Stafidnsité alitheriadasnbl y
steps. Once assenbly of the approved HDAs is conpleted, the host conputer
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a readi ng of sthivgurk oWhiehvighen aed tb apdate sies mpdtératatasichcture.r evi ew of t he
associ ated drawi ngs. Brief Description of the Drav\i]n s Fl lis a
partial ly cutawayThess apdophegfeaturgs and adviapiages whigh ¢ ?’g‘é‘e‘éé% fBrSEtoy t he

head stack aﬁﬁ'@%‘?&ﬁ’whpﬁé ﬂ;rdaﬁ:trl't ﬁgnﬁ’ ?etaﬁﬁ‘fg(?)ff tHe V110 fipedtailed \18&pHBn and b G 2

is a plan view a conputerized networK system show ng
review of the associated drawings.

15
Brief Description of the Drawings

FIG. 1 is a partially cutaway top view of a disc drive of the type assembled
by the head stack assembly installation system of the present invention. |
FIG. 2 is a plan view of a computerized network system showing
20 configurations of station control systems for two typical stations within the network
system.
FIG. 3 is a plan view of the control systems for one of the assembly stations
within a automated disc drive assembly line.
FIG. 4 is a plan view of the communication electronics assembly of the
25 computerized network system of FIG. 2.
FIG. 5 is a plan view of the address board of the computerized network
system of FIG. 2.
FIG. 6 is a plan view of the automated disc drive assembly line served by the

computerized network system of FIG. 2.
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configurations of station control systens for two typical stations Mﬁﬁi@ i
the network system FIG 3 is a plan view of the control systens for one

of -the assenbly stations wthin a automated di sc drive assenbly |ine.

FIG 4 is a plan view of the conmmunication electronics assenbly of the

. conputerized network systemof FIG 2. FIG 5 is a plan view of the

address board of the conputerized network systemof FIG 2. FIG 6 is a

pl an view of the automated disc drive asgenbly |ine served by the
conputeri zed network systemof FIG 2. 2U4 20 7 5 10 FIG 7 is a flowhart

of the software process steps used by a host conputer of the conputerized
net wor k syst em ofFIG. Gis 2 flowcham of thesbftwategirbeesoftepguped by @ Hostebmpliterc

assenbly seri nunber .cqgnfigurati.ons. 8 is a. fl hart of the
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net wor kK systf§8 keI sedallintRp téiguritonsonf i guration of head disc

assenbl i es bei ng assenbl ed bg the automated disc drive assenbly |ine of
HC:

FIG 3. FIG 9 i FIg. Blisadlenichanspf thesofwaremecespstopseused by dheshest sompyter he
hosg comput e# the L@Q@eﬁ?eﬁ%ﬂ&ﬁﬁkésggtaﬁgﬁﬁég 3o Sdntid) fle c%h@gwﬁti&? ofﬁ’é}tdr ol the

assenbly of head asse ergoi ng  asse y e aut onmat ed

di sc drive adiscassénublidsiteimfasbdrbled By thd dutoriéted dise drioghssembly kire cffFIG.
flowmchart of FIG 9. 15 20 25 30 Detail ed Description Referring to the
drawi ngs in Yeneral, and nore particularly to FIG 1, shown thereinis a

top view of a di sgfligijyg FHRRn&? BF iHe W6 RRrd frodss QEFANER bYithdhdh BoRpRREN
of the computerized network system of FIG. 2 to control the assembly of head disc

10 assemblies undergoing assembly by the automated disc drive assembly line of FIG.
3.
FIG. 10 is a continuation of a flowchart of FIG. 9.

Detailed Description

15 Referring to the drawings in general, and more particularly to FIG. 1, shown
therein is a top view of a disc drive 100 constructed in accordance with the present
invention. The disc drive 100 includes a basedeck 102 that has several fastener
receptacles 104, the basedeck 102 supporting various disc drive components, and a

_ top cover 106 (shown in part), with several mounting apertures (not separately

20 shown), secured to the basedeck 102 by top cover fasteners 108. The installed top
cover 106 together with the basedeck 102 provides a sealed internal environment for
the disc drive 100. Numerous details of construction of the disc drive 100 are not
included in the following description as such are well known to those skilled in the
art and are believed to be unnecessary for the purpose of describing the present

25 invention.

Mounted to the basedeck 102 is a ramp load snubber assembly 110 secured
to the basedeck 102 by a fastener 112, and a spindle motor 114 with a top cover
attachment aperture 116. The spindle motor 114 supports several discs 118 for
rotation at a constant high speed, the discs 118 mounted on a spindle motor hub 120

30 that are secured by a clampring 122 with clampring fasteners 124. In addition to
providing support for the stacked discs 118, the spindle motor hub 120 also provides
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fastener receptacles 104, the basedeck 102 supporting various disc drive
conponents, and a top cover 106 (shown in part), with several nounting

" apertures (not separately shown), secured to the basedeck 102 by top

cover fasteners 108. The installed top cover 106 together wth the

basedeck 102 provides a sealed internal environnment for the disc drive

100. Nunerous details of construction of gthe disc drive 100 are not

included in the foll ow ng description as such are well known to those
skilled in the art and are believed to be unnecessary for the purpose of
descri bi ng t atimpmgmerk 126 wsed during themssambdy prasessite réfaradethe abgalar s a ranp

| oad snubber, assenb, 110 cur.ed,.to the basede 02 a fastener 112,
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i mbal ance. Adj acent the discs 118 j n, act uat or, .assenbl 28 (also
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supports a bevel ed pick and place nenber 132 that "serves as a tooling grip
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to a surfaceheddsans aredpositihablyd6catddi®rer Asta R0k t0€4l datafbmObr white dhitscs 118

has a data recordi ng surface 10 divided into concentric circular data
tracks 140 (&nifhe Sshown), and the read/wite heads 138 are

positionably | oca t : f | dat a

to, the tracks. T;I‘ggll_—@ﬁBgﬁicgn%émﬁsg%cfﬂ%ﬁ%ggﬁ{o?cgncégr%gﬁgéé\%@ggf coi |
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actuator coil 144 to complete the magnetic circuit of the VCM 142.
When controlled DC current is passed through the actuator coil 144, an

electromagnetic field is setup, which interacts with the magnetic circuit of the VCM
.20 142 to cause the actuator coil 144 to move relative to the magnet assembly 146 in

accordance with the well-known Lorentz relationship. As the actuator coil 144
moves, the HSA 128 pivots about the bearing assembly 130, causing the heads 138
to move over the surfaces of the discs 118 thereby allowing the heads 138 to interact
with the data tracks 140 of the discs 118. When the disc drive 100 is turned off, the

25 VCM 142 parks the HSA 128 on the ramp load snubber assembly 110 to avoid '
shock induced contact between the read/write heads 138 and the discs 118.

To provide the requisite electrical conduction paths between the read/write
heads 138 and disc drive read/write circuitry (not shown), read/write head wires (not
shown) are affixed to a read/write flex circuit 150. Next the read/write flex 150 is

30 routed from the load arms 136 along the actuator arms 134 and into a flex circuit

containment channel 152 and on to a flex connector body 154. The flex connector



When controlled DC current is passed through the actuator coil 144? %W@ﬁ 2004
el ectromagnetic field is setup, which interacts wwth the magnetic circuit

of the VCM 20 142 to cause the actuator coil 144 to nove relative to the
magnet assenbly 146 in accordance with the well-known Lorentz

rel ati onship. As the actuator coil 144 noves, the HSA 128 pivots about

the bearing assenbly 130, causing the heads 138 to nove over the surfaces

of the discs 118 thereby allowing the heads 138 to interact wth the data
tracks 140 of the discs 118. Wen the disc drive 100 is turned off, the 25
VCM 142 parks the HSA 128 on the ranp | oad snubber assenbly 110 to avoid
shock i nducéwdydh# auppdrtstithe Bex tinaniv Eddduningtpassagadthe 3cadamdtet flex adiiceits 118.

To provide t equj sit.e electrijcal.conduction paths betwen,the .
eadwite OO sedsek 0 AR o Blecicpl Cotiiaicanta i vecprinisd
read/ wite hgrditWoadsasédBly (PFOBW) IndtisRowh) he@fled @ the GRRHME bf thefl | €X
circuit 150. Next the read/wite flex 150 is 30 routed fromthe | oad arns
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passage of tresd/weiteléivduitig (ot ehown) ahdithe reddBritéhendg38.nThoédisedeek PCBA and

into electrical, comuni cation dis¢g drive printed circuit boayd assenbly
(PCBA) (not BIAWARY thegissidstyeread wate MgEHE), yhiccopkals the,QRRTRIqn Of4he heads 11 ex

circuit contpysnpeRky GOaMELInterPre 3hd CoritblBRENiRy T6AHE Wist URve 30@Nal Circuitry

156 used to condition read/wite signals passed between the read/wite
~circuitry (not shHbDownairdaid thédsealeddntemal envitonment o ghe dispednivesk0daiscad PCBA

. provides the djs r.ive.read/w.ite circuitr whi ¢ ntrols.the pperation
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the disc driygkdi@@achiRentBpetnatd 140 @rsih! wHich hedenlatepial flows driig fher t he

disc drive 100, a seal gasket 158 is nolded on to the top cover, 106. Top

cover 106 hagasketmoldinguecess. Agantimunaof semmetrcallipformed saskebwateritlisgh,
thich, Sesketa 1ol Ut MR rp 3 AP LALOO B SRl
through the apertures 160. During the cure process, the gasket material injected into
15 the gasket attachment apertures 160 bonds the portion of the seal gasket adjacent the
top surface of the top cover 106 to the portion of the seal gasket adjacent the bottom
portion of the top cover 106, thereby sealing the gasket attachment apertures 160
and forming the seal gasket 158. A gasket material found to be useful for this
application is "Fluorel" by the 3M Company, and more specifically, 3M "Fluorel",
20 FE- 5621Q.
~ The disc drive 100 has two primary assemblies, the PCBA (not shown) and a
head disc assembly (HDA) 162 attached to the PCBA. The HDA 162 typically
contains the mechanically active assemblies and components of the disc drive 100.
Typically included within the HDA 162 are the HSA 128, the VCM 142 and a disc
25 stack 164 sustained within the sealed environment created when the top cover 106
supporting the seal gasket 158 is secured to the basedeck 102 by fasteners 108. The
disc stack 164 is formed by stacking discs 118, interleaved with spacer rings (not
shown), on the spindle hub 120 of the spindle motor 114 and securing the stack with
the clampring 122 and fasteners 124.
30 During operation of the disc drive 100, spinning discs 118 generate airflow

consistent with the direction of rotation of the spinning discs 118. To reduce



di sposed on both the top and bottom surfaces of the top cover 106 aerU FEB 2004
I njected through the apertures 160. During the cure process, the gasket
material injected into the gasket attachment apertures 160 bonds the

portion of the seal gasket adjacent the top surface of the top cover 106

to the portion of the seal gasket adjacent the bottom portion of the top
cover 106, thereby sealing the gasket attachnent apertures 160 and

form ng the seal gasket 158. A gasket maverial found to be useful for this
application is "Fluorel”™ by the 3M Conpany, and nore specifically, 3M
"Fluorel", FE- 5621Q The disc drive 100 has two primary assenblies, the
PCBA (not sichangdes afid catastrephic fhilure efshedist driyeb0) caneexl byt partielatet o t he PCBA.

- o . . . o .
Component s sPhpraRiiohinff 8 R FOR (EBCAR Gt deiE bl RTRERR ke o,
are the HSA HB8 16216 tphirbémedattionlale sicher preat fdMciving absenibdylomidnetated he

seal ed environnent created when the top cover 106 supporting the seal
gasket 158 dringeperation of thediss-drbedd- 102 by fasteners 108. The disc

stack 164 is for ' ' st ] [

(no shown), on%e%ﬁ\%%h %gggdfgg%ct)%ﬁt%ﬁglss pI niéfgﬁ?r’gzt igf;:h@ﬁ&’ggtgfog&z?f ng
t Ee 3 tac kdvm' setver 20@ cathmupicating WA aanaktérakiscatresofifiguraton datg stoprturet20dn of
the disc driye 100, spi.nning discs 118 t i rfl istent with
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100 caused by particulate contamnation internal to the HDA 162, an air
(fi | ter 166 iapppavediasavhilahiesfonproduetiarhalong with cowfeguratian inforajatipe foreach

ool ation orfeeh 3% aBeRRHY 162 Frp AN AT BE 4R RLEN oot B8, o
by FIG 2 i ncéifhsicatifeiitithe naaoieserdd Q02 dyahisst eanpingr 208 6f the mast er di sc

drive configuration data structure 204 that includes a disc dgive part
nunber dat a eomnwerized netyerk sydemi208. dhe hestsamputst Q% generates W3t ure 206

i ncl udes parsligr&m%& n E&Moqﬁx?é]ﬁlie anﬁ‘ﬁ'(ﬁta]ticq{ afd ﬂgéﬂ{tﬁy bPthe head disc assembly

162 executed by typical station control systems 212 and 214. A host micro

15 controller 216 communicates with the host computer 208 and with the typical station
control systems 212 and 214 serving as an interpreter translating the interface
signals from a host computer, communicated by the host computer using a RS 232
interface standard 218, into a RS 485 Interface standard 220 used by the station
control systems such as 212 and 214.

20 FIG. 2 shows also a communication interface electronics assembly 222
communicating with the host micro controller 216. The communications interface
electronics assembly 222 serves as a communication portal for variety of system
input/output (I/0) managed and translated by the micro controller 224. An address
board 226 is configured to accept interface signals generated by the host computer

25 208 and target specifically for the station control system served by the address board
226. Interface signals arriving at, and for, the typical station control system 212 are
received via the RS 485 interface, passed on to the micro controller 224,
reconfigured to RS 232 for particular device such as scanner 228, a display 230 or as
an assembly step signal such as digital I/O 232 used by the assembly station for a

30 device such as a digital sensor 234. Also shown in FIG. 2 is a station controller 236

communicating with the communications interface electronics assembly 222 and a
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approved as available for production along with configuration infor%@hFBB 2604
for each head disc assenbly 162 associated with the particular disc drive
100 part nunber. Conmunicating with the network server 202 is a host
conmputer 208 of the conputerized network system 200. The host conputer 208 -
generates interface signals used in controlling the configuration and
assenbly of the head disc assenbly 162 executed by typical station

control systens 212 and 214. A host micri@ controller 216 conmunicates

with the host conmputer 208 and with the typical station control systens

212 and 214 serving as an interpreter translating the interface signals
from a host wommmolwmmm@mmcqmlmzﬁ ¢ siithintheg a RS 232

i nterface standard. 2 85.I nter ace st a 22 by the
station corﬁomute%ﬁ%é‘ %éw%%fg%éfu%ﬁ aypio q;qsefmgl%g@v\g grpﬁi et
conmuni cat i Qiedent nEGCRI2UrACfeaRR ddiectivs ABhiblPARh 26 QB U MtfubeDin¥IGh 2t he
host micro controller 216. The comruni cations interface electronics

assenbl y 222s adeaddisaasssmbbnstatinmeeanitohsystan of FiGR- vari ety of system
| npyt / out put (I/% ﬁg'ﬁ'l‘glg ﬁﬁ@ﬂoﬁﬁ%?i@tfﬂx s QHWePoFéHﬁIEﬂLRi g oweg4: AN

address board 2 gured to accept I1nterface signals erat ed by
t he host conpuailale al&ty cfithe statigetomd systemsy Ishqh afscsntatiohecoatrat systwm:bht ofol

system served the ad res boar. I nt | Vi n t,
and for, J@él%éﬁ‘e k¢ SF"(‘} b?%Ft é%? éié gggt(?vﬁ ﬁ?ﬁ lgv %ﬁ’g RS
485 |nterfac v&i“lstrelaiéaedlfé‘cﬁﬂb fhe b gie]xﬁﬂl of dft, assén%l Rfepgured to RS
232 for partlc ar evi ce such as scanner di splay 230 or as an

( assenbl y st embrﬁ]rglndbyshm@sanblm SQtloalseltVbd)bZﬂE asion eoptrohystess farithal st ati on

.for a device su s.a digi or SO sh
stdPi on contPBRf ?Isg%‘bm ©5 U%’SE?BI n]r%?gad\ﬂl%{oﬁt?ﬁie ﬁ@\?ﬁhﬁpgr face
el ectroni cs mgsabdhent 825%@1561252 Achdiiza &aﬁ&ldﬂ; la&@ﬂéﬂt Ii)gteﬁﬁﬁﬁlre&k 284aenbl y

238 used to control specific devices W th rrguterl zed nef wor k

syst em 200 slirdar yariable dﬁf@ﬁrxﬁlah%@@mr@i@ambaw&ﬁem ¥ as ymeng e de¥icsdr 242
or a feature d%ll‘gotf' e(HPLt u Eéhn%?leizf‘%, Introduced in FIG 2 is a

head di sc as¥® con ste FIG 3. 5 Conputer 250 is
shown in FIG 3 tEIG|4 sh‘bWSahedltzbleltyeﬂﬁiterﬁfcestanmrdém@dq:mmectorsahai | abl e at

any of the station_ control systens, ch as at i system 214 of
FI® 2 or th@%@&@@@d@ﬁv%§§¥w09t“§hl¥%n& tﬁs;’rﬁf&h@&e RHCE 3,
The level of,, 2 @W% & fi! a0hyPichPPE I, 5%k RS 483 GAtey Of the
assenbl y steps %‘e 1?%89 lW!lélghserrb(f;b‘dtygtcat|on ser\}ed by the station
control syst%ﬁi‘scshoWham FIG. 4along w1thatyp1ca18mm4p1n 262, a 9 pin DB9 female

RSZ32 serial connector 264, a 9 pin DB9 male RS232 serial connector 266 as well

as a RJ45 digital I/O communications connector 268, a 6 pin IDC interface

20 connector 270 that includes a +24 volt pin 272, a standard 12 pin IDC connector 247
supporting ground, power, 4 output lines and three input lines. The last component
shown by FIG. 4 is a plunger reset switch 276. The communication interface
electronics assembly is designed to facilitate a wide range of interface standards as
well as a wide range and physical connector types and includes three spare digital

25 /O connectors 278. The micro controller 224 of FIG. 2 is configured to efficiently
translate and direct interface signals received from the host computer 208 to the
appropriate devices under the control of the station control system such as 248 of
FIG. 3.

FIG. 5 shows a six possession dip switch 286 of the address board 226 and a

30 - 5.0 RS485 interface connector 288. A unique address has been assigned each of

‘t:he control stations such as 212 and 214 the sixth toggle switches 290 of the dip



10 particular station control system In addition to the conputer #50,FFER 2004
FIG 3 shows a neasurenent assenbly 252 including a radial displacenent
potentiometer 254 a linear variable differential transforner 256 and a

| oad cell 258 as anobng the devices capable of control by the station
controller 236. FIG 4 shows the diversity of interface standards and
connectors the 15 conputerized network system 200 utilizes in fulfilling

the HDA 162 configuration and assenbly rontrol task assigned it. A

typical 12 mm 5 pin RS 485 connector 260 is showmn in FIG 4 along with a
typical 8 Mm4 pin 262, a 9 pin DB9 female RS232 serial connector 264, a

9 pin DB9 na$witdRREAs sesrfonthe station end seregao pasamily thoge signaly irgentlediforthe| / O

communi cati ons,.connect or . 26 a6 pin |IDC] r C 270 t hat
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address board 226 and a %’o 5 RS485 interface connector 288. A uni
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station cont perforays figigtib® obeomparRarreonal. Suchhetiedead staclnastmbly?288 to be
mcro controller 224. Under the current enbodinment the nunper of stations
capabl e of FE9Y3! staliem?6:er thy veise ceibmetaraemoval siatipngrk. ﬁ%tr@iﬁsw ofl. Wth

t he incorporat; f L Lk ' , -f‘:&ﬁh, , addi tional
stations nay?‘%égqgr{i‘g‘ég S’E%gﬁ %gvlltﬂﬁgéth\?\gﬁ\é?ﬁgﬂodd t ﬁ:ag%eg%%fgrﬁ?g% Shown in
FIG 6 is a haethnsédatkfailams ibthe assenitdy pricessrensowuattieredibP 8fle eftheiassechbily t he

tati t ) t 48 of FIG 3. As by FIG,.6, 26
Z_s g‘élnglnycogt rét?“:‘ x %E}gg} tcilq?@rgpgdag@lla(pﬁnts Q’Bgﬁgws‘rgfe“gﬁ‘%?p%% "H}‘Feve assenbl y
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di sc drive abse I ne )
encounter a defective clampring fastener 124 of FIG. 1 while attempting attachment

of the clampring 122 of FIG. 1 and the clampring fasteners 124 to the spindle motor
hub 120 of all the spindle motor 114 of FIG. 1. Encountering such an event the

20 station control system serving the clampring installation station 300 would halt the
assembly steps assigned that station control system by a the host computer 208 of
FIG. 2, electronically tag the serial number associated with the head disc assembly
162 undergoing the assembly steps assigned the clampring installation station 300
by the host computer 208, as unavailable for continued processing by stations

25 subsequent to the clampring installation station 298.

As a result, the offending head disc assembly 162 undergoing the assembly
process within the automated disc drive assembly line 294 would passed through all
stations subsequent to the clampring installation station 300 until the offending head
disc assembly reaches the clamp ring removal station 302. At which point in, the

30 clamp ring removal station would execute process steps assigned the clamp ring

removal station 302 by the host computer 208. In such cases, the host computer 208
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performa function of conmponent renoval. Such as the head stack asé%gbf§“ -
renoval station 296 or the voice coil notor renoval station 298. The

i nclusion of such renoval stations within the automated di sc drive
assenbly line is to acconmmopdate failures in the assenbly process
encountered by one of the assenbly 15 stations such as the clanpring
installation station 300. For exanple, while processing a head disc
assenbly 162 the clanpring installationidtation 298 may encounter a
defective clanpring fastener 124 of FIG 1 while attenpting-attachnment of
the clanpring 122 of FIG_ 1 and the clanpring fasteners 124 to the spindle
nmot or  hub 1RCeseds aml dssernlly stsprrgnfgurstion data stregturevdthin thepnastarndissrdrivg such
an event the 20 stati I A t:h ' | nst al | ati on
atati on 300 Bipdefat A SRR AR Bt REREed 01 2
system by a dskenblpsteps approved for B&olving the Conditiorebfiht béfendiag HDA 4§21t he
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components approved for assembly HDA 162, the host computer 208 has within its

15 control the ability to construct sequences of assembly process steps required to
assemble HDASs 162 of a particular configuration. Once the sequence of assembly
steps are built the host computer 208 proceeds by assigning the process steps to
selected station control systems, such as 214 of FIG. 2, monitoring the physical
assembly process during execution of assigned assemblyv steps, collecting serial

20 number information as the assembly process proceeds, using the collected serial
number information to populate the HDA serial number data structure 210 of FIG. 2
thereby building an as built HDA serial number configuration and upon completion
of the HDA 162, depositing the as belts serial number configurations with the
network server 202 of FIG. 2 to update the master disc drive configuration data

25 structure 204 of FIG. 2.

Having built the HDA configuration table of approved HDA as built serial
number configurations 306 of FIG. 7, the host computer 208 of FIG. 2 is positioned
to execute the software steps embodied in the HDA assembly process configuration
control 308, shown in FIG. 8. With the ability to verify, on the fly, the compatibility

30 of HDA 162 components such as the discs 118 of FIG. 1,the spindle motor 114 of
FIG. 1., in the head stack assembly 128 of FIG. 1, by checking the HDA



havi ng HDA 162 configuration information readily avail able at the IZ)cﬂat’"’”[B yiii

| evel pronotes network efficiency by mnimzing the anount of traffic on
the network resulting froma plurality of automated disc drive assenbly

| ines connected to the network. A preferred enbodi nent of the present

I nvention includes the software steps shown by FIG 7, taken by host
conputer 208 in constructing a the HDA configuration table of approved
HDA 162 as built serial nunber configurat4ons 306. By building a table
all of available HDA 162 configurations that constitutes any possible
configuration of HDA 162 that can be assenbl ed, based on the avail able
conponent s appufigneationdablaSO8thk hostoamperer 208 & dbbsto prenipdﬁ@serﬁb]& dfas within

it trol jLity t t t f nbl t
Fequi red o HiAu i felligk b 2B No i) Shardb R et ediond GBI PO Peice the |
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assi gni ng thegfrocess steps to ected station control systens, such as

214 of FIG abRiG.or i Ty h%bcmﬁrclm almewmrytmm peifeimranceRBcut i on

of 351 e SIS RS ool LEf) DAATLL e o BMIBL AL AR AR e
Lo. FSPU' ate mﬁgk@atsﬁgi:aldnwammbﬁaﬁmw&?cture 210 of FIG 2 therepy
ui l ding an as bui ria nfigurati Qn conpl.etion
of the HDA 162, dgb‘és? fn tIIQéLQ tgb logica %tmseﬁxeﬂaﬁqgﬁy a‘@gw?‘i? gise asseBbeY wi t h
the networkg &gﬁ%ﬁ?ﬁtlo%oa%séiﬁbl lcGhtrel sg?teHBgaﬁ@afeliﬁo erﬁq’{létgi}]dgfdﬁgzogress

configuration structufe 204 FI'G 2. Havlng bui
-confi gurati oof amHDA ©62 apinrgmaa aﬁmbhsb)bthelautoyatmbdlsc dniveassensblyfling 294t i ons

\,306 of FIG 7 of Fl i tione .0 execute
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control 308, agkmply lifk ﬁzﬁhe%ost\%h{puléi'@oalahdl th‘e)étdti%n‘éeﬁfrél)é{st@ﬁ subead 48 the
compatibility of "HDA 162 conponents such as the discs FIG 1,the

spi ndl e ot oestalishskialogtaaletermine whether the agsembly statiors swht as 2020fFIGFS.G 1,
by checking ’sél%eJPMe s%aglon%%na‘glosglstem, %uc s]29t8 %?Ff& 3, is to perform any

assembly steps on the HDA 162. And if such steps are to be performed by the

15 assembly station, such as 292, the station control system 248 must first gain
approval from the host computer 208 for installation of serialized HDA components
prior to proceeding with the assembly step instructions. The approval dialog
sequence is the real time method use in safeguarding HDA 162 configurations. In
addition to insuring configuration control FIG. 9 and FIG.10 show the station

20 control systems 112 are compelled to report incidences of unsuccessful execution of
assembly steps to the host computer 208 that, in effect, preclude the expenditure of
additional resources and materials on the offending HDA 162 thereby minimizing
the amount of assembly damage occurring to the HDA 162 or maximizing the
benefit of existing resources. |

25 Alteratively characterized, one embodiment of the present invention
provides a head disc assembly configuration and assembly control system (such as
200) with a network server (such as 202) including a master disc drive configuration
data structure (such as 204), a host computer (such as 208) communicating with the
network server generating interface signals (such as 218) controlling configuration

30 and assembly of a head disc assembly (such as 162) for several station control

systems (such as 212). Each station control system operationally controlling an

34
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25 30 configuration table 308, the host conputer 208 is able to preCl ¢
assenbly of HDAs 162 failing to conply with approved configurations, and
to do so with mnimal effects on the output capability of the autonated
disc drive assenbly line 294 of FIG 6. The host conputer 208 al so :
moni tors through put perfornmance of each assenbly station such as 300, as
well as the overall through put performance of the automated disc drive
assenbly line 294. FIG 9 in FIG 10 shesv the | ogical steps executed by
the head disc assenbly configuration assenbly control systens software
program when nonitoring progress of an HDA 162 undergoi ng assenbly by the
aut omat ed diassemibiy stetuasesadbwm(])loéaﬂwomtedﬁhmdrﬁfe asmrblxe%mai&uphta@ any of

t he assenbl tatlo of t auto ted isc driv e 4 the
host conput é?i &Wé"dgﬁ %?ﬁt Fg? s%sgtfé’?é‘}??%qf Al gtbrﬂ%ﬁo cégé{oilgfl sh

di al og to deLRhk Q%)vm-smﬁf é&tﬁmﬁmmxmlrﬂéwtweéh ths U6t oampa&zaﬁaefdhe 6,
served by the station control system such as 248 of FIG3, is to perform
any assenb Iaysembé)pstamn antba empmusizatigyintarface heard {sush s 222 atgaghestalion or ned
by the assenbl I u ted) 248 nust
F ekt gai n EABpruT RS oS et She holf o5 Ber Br GREM SbrilSRE

serialized Idigﬁarsqmrasrmmbpthemssmlps«anmdl ng with the assenbl y step
instructions. The approval dialog sequ e |s the real Hgt hod use in

saf eguar di ng HDA %@négﬁfthﬁﬂ?eé?‘}té‘h‘?m?% Biociudss ?Bewﬁ"sq.'i‘?rlaﬁ@ vice

cont i gurat! Q0,38 u68) wilRutcledt pfer k0 aADO AR R reRE By st e

112 are co report 1 ncidences of unsuccessful execution of

.- assenbly st emtdr(dlschhwh@snﬁgn‘amn data D& turk farther inclides atdisopdrivgingtte t he

. expenditure of . addjtion our ces .a terials on the offending HDA
162 t her eby TR Tarﬂucﬁ'ﬁ% 3?#5 %018# gg%(’gahbl y damage occurring to the HDA

162 or naxi m zi Ny {sRfear B &d fretht RveMidn 0 wellaupted fo attin therents wed v

characteri zed, one enbodi nent of the present inventign provides _a head

di sc assenbladvansagesguensionethasvell a%%@me@awbﬁr@m sWhile presgatly prefersag)
bonti aur et 1 aboREheof Rl bn g hed UM AToAITRGE oF HietfiscitaE it

configurati o009 uter (such as 208)

conmuni cat i Hﬂll%élﬁd&fsﬁ)odﬁﬂétmfﬂer@&rchemgegemebamadgwhm}mﬂ]aeedﬂy aiggest (such
as 218) controlling configuration ssenbl

head nbl
(st&h as 16themsnivesd ghosp skillgd irythe @Hnlstu Chﬁ‘ﬁgg%"ﬁﬁn?‘gﬁégrseégwéﬁ@%ﬁg Eac hy
station contg,ghe F¥vd SRR AldG¥ea ahY aS @dtire in tHR%ppEndEa claims.




A b e e S AR L AT

10 15 assenbly station (such as 300) of an automated disc drive ass&r@brg”} 20
line (such as 294) assenbling head disc assenblies. The systemincludes a
host mcro controller (such as 216) providing a comrunication |ink

bet ween the host conputer and each assenbly station and a comuni cation
interface board (such as 222) at each station translating the interface
signals fromthe host conputer for use as assenbly step signals (such as
232) by the assenbly station. Optionallyisthe present invention further
includes a server storage device (such as 204) which stores the naster
disc drive configuration data structure, and the master disc drive

confi gur at i oWhiétseclaimedds:ure further includes a disc drive part nenber
data structure (such as stored at 206). It is clear that the present
invention is well adapted to attain the ends and advantages mentioned as
wel | as thosg, i nharigal diseeissnibly %ﬁﬁ@r@adﬁr&a%éekﬁblﬁé&ftﬁﬂl‘s dem goiogdi ment  of
t he invention has been described for purposes of the disclosure, it wll
be under st oogutematedrdispedrbignseamatydige baying a compumigation angd eontjod Betwopk suggest
the el ves tgoﬁlgtq@g skilled in the art. Such changes are enconpassed

i n the Spi Bf the invention disclosed and as defined in the
appended cl ai ns. BnBtVEEk&éi'VEr\izﬂhhSna%&rﬂﬁcﬂﬁvW!aiﬁg'matidnadamasirdcmre1 A head
di sc assenbly conf guratl on and assertblﬁlg\égtrol F%stemfor an automated
disc drive assenbPyOStCQBPYLES CABMPNISIHAG WIRIhe BFVHGSSEHTCPBITISERGOr k
conprising: a network $fENede sigdalk &n&am%g@oﬂﬁgaﬁawdafﬁa@wﬁm%faheml data
structure; a host computer conmunicating wth the network Server
constructing int er f acdisgiagsenibdy basad ovithe masteradisq driveatonfiguration datgenbl y of
a hl%ad di sc assenbly lg@a&urepn the master disc drive configuration data

a host micro controller communicating with the host computer translating
interface signals; and

a plurality of station control systems communicating with the host micro
controller responsive to the interface signals executing the

15 configuration and assembly control interface signals.

2. The control system of claim 1 wherein the network server having a server
storage device storing the master disc drive configuration data structure and wherein
the master disc drive configuration data structure further having a disc drive part
20 member data structure comprising;:
. a part number representing each disc drive type available for production;
a head disc assembly configuration linked to each disc drive part number;
a plurality of head disc assembly serial numbers approved and available for
use with the part number in forming the head disc assembly linked to
25 | the part number;
a plurality of disc lot serial numbers of disc lots approved and available for
use in the head disc assembly linked to the part number;
a plurality of spindle motor assembly serial numbers of spindle motor
assemblies approved and available for use in the head disc assembly

30 ' linked to the part number; and



structure; a host micro controller conunicating with the host coqutpgg 200k
translating interface signals; and a plurality of station control” Sys BrisYt
comuni cating with the host mcro controller responsive to the interface
signal s executing the configuration and assenbly control interface

signals. 2. The control systemof claim1l wherein the network server

havi ng a server storage device storing the master disc drive

configuration data structure and whereiny the master disc drive
configuration data structure further having a disc drive part nenber data
structure conprising: a part nunber representing each disc drive type

avai | abl e for pr adlatalionof head el asiemblypsesiahiingbero of h@idrseick assehibliced t o
each disc drive part nunber; a _plurality of, head disc assenbly. seri al
nunbers approved and APRFOVgdiaad pyailablester yfein thelaead sisc asspnpnly linked t9rths ng

t he head disc assenbly'+{ﬁuﬁﬂ%mpo the part nunber; a plurality of disc |ot
serial nunbers of disé) ots approved and available for use in the head

di sc assenbly linked to the part nunber; a plurality of spindle notor

nbl | al nb f i ndl.e. npt . nbl i ved
e Tt e f o usetipanial weliih A Q2 siisesig B HORL o B PREE 3PP huber
and 2 0 ' Z2tstdrdg@ddticd with bhesd di3€ astembReriaSfiMiBr Eo&t?%ﬁﬁionrda@ﬁﬁﬁmﬁ& head

stack assenblies _approved and avail abl’'e for use in head di sc assenbly
| i nked to tHROMPFEME: nunber. 5 10 15 20 25 30 3. The control system of
claim2 wherein t . ' t . ' | hh a
head di sc assenblJ;ﬁesagﬁ?%la%%%@ggsé%%ﬁﬁnggﬁ%g%g% %Dzi? tg%;@gﬁd(l:l uér{%aﬁ’&éayﬁgri si ng:
: and available head disc assemblies serial numbers;

10 a disc lot serial number of the disc lot use in forming the head disc assembly
linked to the head disc assembly serial number;
a spindle motor assembly serial number used in forming the head disc
assembly linked to the head disc assembly serial number; and
a head disc assembly serial number used in forming the head disc assembly

15 linked to the head disc assembly serial number.

4, The control system of claim 1 wherein the host micro controller further
communicating with the plurality of station control systems translating interface

signals from the host computer to each of the station control systems.

20
5. . The control system of claim 4 wherein the station control system comprises:
a communications interface electronics assembly communicating with the
host micro controller distributing interface signals between the station
control system and the host micro controller and within the station
25 control system;

an address board communicating with the communication interface
electronics assembly selectively receiving interface signals for
distribution by the communications interface electronics assembly;
a micro controller communicating with the communications interface

30 electronics assembly and the address board processing interface



——

a head disc assenbly serial nunber selected fromthe plurality of ZfipFpyeztry
and avail abl e head di sc assenblies serial nunbers; a disc |ot serial o
nurber of the disc ot use in form ng the head disc assenbly linked to

t he head disc assenbly serial nunber; a spindle notor assenbly serial
nunber used in formng the head disc assenbly linked to the head disc
assenbly serial nunber; and a head disc assenbly serial nunber used in
form ng the head disc assenbly linked tg the head disc assenbly seri al
nunber. 4. The control systemof claim1l wherein the host mcro controller
further communicating with the plurality of station control systens
translating interface signasediceived fiont the alidress wardfor distiiutady thé t he
station control systens. 5. The cant rfol ystem of claim4 wherein the
station control systenf®BHpRIcatens inter é?ﬁéﬁﬁ“%iaﬁ??@hlﬁt erface el ectronics

assenbl y communi C@ééaﬂﬂer‘@ohﬂnﬁrﬁ@atﬁ??\%tﬂ'ﬂh@rcgmﬁﬁﬁﬁcra%ﬁﬁhteq}‘agé EloBOiy
interface signals between the station control systemand the host micro
controll er and withi n assemblyaolleetinghead disc assgsbéncondigusativnelata foo thed

co nicating with the caomauni cati.on interface electronics assenbly
selngét i vely recei vi nge?eﬁ?erggcaaéie%?lﬁﬁﬁﬁaé?fwm’di stribution by the

communi cati ons i nd shkacconhedt4ting with fRcofphubicaliont Mitdif1ee BlecRbhigs
comuni cating with the conw&ni catjons interface electronics assenbly and

the address board proc¥SEnhly prayidingztatusdata tp the host cgmpgtep sonfralling the

received fromthe addr@eﬁﬁce&%ﬁéﬂbl&"&n&“ stribution by the comrunications
I nterface el ectronics asse y, a’scanner communicating with the

-communi cati ons i nd stati@iceontdoliet commnusicatirpswitbbthe coninneri¢dtiogs itatacdi sc
.asierrbl y configuration data.forﬁ% head . di sc ssgrrbl y_ data_structure; a
sefor conmmuni cating wWEHTANES as ¥ Prosessingsand distrputing the cenfigiration

and assembly control interface signals.

6. The control system claim 5 wherein the station control system further having
a tooling control assembly communicating with the station controller controlling
15 assembly steps comprising:

a robotic assembly executing head disc assembly process steps;

a component present sensor responsive to the station controller sensing and
reporting presence of a head disc assembly component for continued
process step execution by the robotic assembly;

20 a motor responsive to the station controller delivering the component to the
robotic assembly; and

a feature detection assembly responsive to the station controller detecting

orientation of the component within the robotic assembly.

25 7. The control system of claim 4 wherein the station control system is a head
stack assembly station control system comprising:
a communications interface electronics assembly communicating with the
host micro controller distributing interface signals between the station

control system and the host micro controller;



assenbly providing status data to the host conputer controlling thg 0 FE3 7
devi ce assenbly; and a station controller communicating with the e 2004
comuni cations interface electronics assenbly processing and distributing
the configuration and assenbly control interface signals. 6. The control
systemclaim5 wherein the station control systemfurther having a

tooling control assenbly comrunicating with the station controller
controlling assenbly steps conprising: g robotic assenbly executing head

di sc assenbly process steps; a conponent present sensor responsive to the
station controller sensing and reporting presence of a head disc assenbly
conponent for condn addeess bpadaestmmiiefing vt ithe @mbyunidation ehedfice assenbly; a
not or responsive to théestation coqtroller del ivering the conponent to the

robotic assenbly; and ‘Ft_Epé’L“Ef’raéS%‘P ¥éP1F‘3ferb)él§§%F58 iptesfpemsignals f05 t he
station controller det&i@ﬁibﬂﬁonﬁ?&m&{ﬂq&ﬁ?ﬁfg Eﬂﬁe’f{%%%hwh%s%%?gn

robotic assenbly. 7. The control systemo alm4 wherein t
control system i samidtegontrelies ckmaymiating withahé commanicatidnssytetoce

conprising: a conmuni cgti.ons. interface,electronjcs. assenbly. co ni cating
with the host micro c%%‘ft?oﬁ(fsearsg?ﬁ?@y?P%(é{eiaﬁsreﬁt’%rﬁQﬁ%eiﬁl%\;@?@%t ween t he
station control syst edip@ilérecBived &% thk add@ressBrafPlor Aistritdiifonby the 15 25 30
an address board comrunicating with the comuni cation interface

el ectroni cs assenbly seneaupgatigns/ipterfpes leptionics assgo®ly;si gnal s f or

di stribution by t ' i ' 0 | S ;a
mcro controller %@%%% cgm&?hdn%gﬁ%ggntrﬁ}utﬁ% gogﬁﬂihgﬁfsc gﬁ%ﬁéﬁéﬁég
el ectroni cs assenbly aglecttdnicsadshmtsly colbertitlg heatdiss assemblytconfigaatios dgral s

(recei ved fromthe addrgss 5oar%,for di ﬁtri bution by the conmunications
int®rface el ectronics %% agl disc assembly data structure;

a head stack assembly scanner communicating with the communications

interface electronics assembly collecting head stack assembly
configuration data for the head disc assembly data structure;
a station controller communicating with the communications interface

15 electronics assembly processing and distributing the configuration

and assembly control interface signals;
a tooling control assembly communicating with the station controller
controlling assembly steps;
a measurement assembly communicating with the station controller
.20 measuring process parameters for configuration control comprising:
(: - a potentiometer supported by the end effector assembly measuring
and communicating radial displacement measurements of the
radially disposed positionable gripper sections relative to the
beveled pick and place member;

25 a linear variable differential transformer supported by the vertical
slide assembly measuring and communicating vertical
distance measurements traveled by the head stack assembly
relative to .the tolerance ring the computer; and

a load cell supported by the end effector assembly measuring and
30 ‘ communicating mechanical resistance between the head stack

assembly and the tolerance ring to the computer.



a head di sc scanner conmunicating with the conmunications interfacz FER 7004
el ectronics assenbly collecting head di sc assenbly configuration d t% Yor-
the head disc assenbly data structure; a head stack assenbly scanner

conmuni cating with the conmuni cations interface electronics assenbly
col l ecting head stack assenbly configuration data for the head di sc
assenbly data structure; a station controller comunicating wth the

comuni cations interface electronics asgenbly processing and distributing
the configuration and assenbly control interface signals; a tooling
control assenbly communicating with the station controller controlling
assenbly steps; a neasurenent assenbly communicating with the station

controller asutin rocess rameters for. configuration control

conpri si ng: gg pgflé%?qr‘gﬁ?_gfg?er’éggﬁlﬁw_gdel’?ﬁ@@Hﬂngp?aé%ﬂnt%%‘@nbl y
Measuring anglectriBdnisseritly Bomafdated it 6 RER MicrRRRHbAGEN S aﬁ’i{Sté{jS‘%

radi ally di sposed positionable gripper sections relative to the evel ed

pi ck and pl aiéterfagerprd the hopt misse condrollgheammipicateswith dhe bosé nehputeeover an

supported by ' | I asuring.and co nicating
SerPOLLrY YRS 2% Mk tng A SIS F%d%ﬂ’ﬁ“ﬁ%atﬁ%gﬂ‘%%‘?%éf%%‘&ﬁbl y
rel ati ve to dssemblglcemmnascatésngith the scaimpribedr an®SDL 3 ineefaceel | supported by

the end effector assenbly neasuring and conmuni cating nechani cal
resi stance between the head stack assenbly and the tolerance ring to the

CoPUL ST 200F 25k gt g oGRSl S gl
wi t h t he hosprogiagr moniteringrdssembly\staps and &itrb@ling configuration of a head disc
| 10 assembly of a disc drive by steps comprising:

(a) directing a host computer to structure a query accessing a disc drive part
number data structure requesting disc drive part numbers available
and approved for assembly;

(b) determining head disc assembly configurations consistent with the disc

15 drive part numbers available and approved for assembly;

(c) instructing a head disc assembly automated assembly line having a
plurality of assembly stations which assembly stations participate in
assembling the head disc assembly based on the determined head disc
assembly configuration;

20 (d) monitoring assembly steps executed by the participating assembly
stations for assembly step and configuration compliance; and

(e) constructing an as assembled head disc assembly serial number data

structure.

25 10.  The software program of claim 9 wherein the directing step (a) further
comprises:
(al) assimilating head disc assembly configuration data for head disc
assemblies approved as meeting requirements of each disc drive part
number available for assembly from the disc drive part number data

30 structure;



interface and the host mcro controller comunicates with the host 210 FEB 2004
conputer over an RS 232 interface and further wherein the conmuni cati ons

i ntterface el ectronics assenbly comunicates with the scanner over an RS
232 interface. 9. A head disc assenbly configuration and assenbly contr ol
system software program nonitoring assenbly steps and controlling
configuration of a head disc assenbly of a disc drive by steps
conprising: (a) directing a host conputeg; to structure a query accessing a
disc drive part nunber data structure requesting disc drive part nunbers
avai l abl e and approved for assenbly; (b) determ ning head disc assenbly
configurations cof(e)skeadtingilotsetiblenuhitsees dais b evaflable divesBonsthadiscldaibe and

approved for assenbly; &lg)mlng ucti r}:glg_a head di sc assenbly aut omat ed
assenbly |ine having aP#HPHFaFs 3fa gfucleanh| y st ati ons whi ch assenbly

stations participgisg rétﬂev1ﬁ§§&Eﬁ?|nhﬁﬂefsrlﬁti}ﬁ%@mﬁjd(b‘f§sﬁﬁﬁ§%|t RaiagiQn the

determ ned head disC assenbly configuration; noni toring assenbly
st eps executed by the ﬁ@mﬂmdmtdmgpaﬁmnﬂ»bydata;smmmﬁs for assenbly step

and .configuration Lance onst uct' ng .an s assenbl ed head
di s assenbly serf %ﬁnﬁth éaCksa%s? Y PEa fgm %‘gél fai!?eph‘@ar am of
claim9 wherein the di s@ek hé&@m%h@@fr&tﬁ)thé&i&é 8Ve pROARAbE Aata sﬁﬁl:ﬂue and
assimlating head disc assenbly configuration dpat a for head disc

assenbl i es appr ov &) seadingandgcordingihcadidise sssembb'as@ﬁalmmbqns flata opsarial

nunber available for a t
structure; 20 F E 21 53%16%@8&3@@]&8% Rﬁ‘%& o#ggtgéﬁtgr?tﬁﬁnbers
(dat a of avail abl e di scsadhhead dise asbe&ﬂalydcdm&guratlon called for by each disc drive

10 part number available for assembly.

11.  The software program of claim 10 wherein the determining step (b) further
comprises:

(b1) analyzing by lot serial number which disc lots are approved for each

15 approved head disc assembly configuration;

(b2) determining by serial number which head stack assemblies are approved
for use with the disc lots approved for each head disc assembly
configuration;

(b3) selecting by serial number which spindle motor assemblies are approved

20 for use in conjunction with the disc lots and the head disc assembly
approved for each approved head disc assembly configuration; and

(b4) constructing an approved head disc assembly configuration table based
on steps (b1) through (b3).

25 12.  The software program of claim 11 wherein the instructing step (c) further
comprises:
(c1) analyzing a selected head disc assembly serial number for compliance
with the constructed head disc assembly configuration table;
(c2) constructing an approved sequerice of assembly steps for an automated
30 disc drive assembly line based on the selected head disc assembly

serial number;



part nunber data structure; (a3) retrieving serial nunbers data of ZQFM cuUd
avai l abl e spindle notor assenblies fromthe disc drive part nunber data
structure; (a4) gathering head stack assenbly serial nunbers data of

avai | abl e head stack assenblies fromthe disc drive part nunber data
structure; and (a5) reading and recording head disc assenbly seri al
nunbers data of serial nunbers allocated by the disc drive part nunber
data structure for each head disc assemly configuration called for by
each disc drive part nunber available for assenbly. 11. The software
program of claim 10 wherein the determ ning step (b) further conprises:
(b 1) anal yzi ng big3) msigahrg'@lecnamhﬁbly\/ﬂuépslﬁdﬁiﬂﬁabpioﬁe@ﬁ@;u@ﬂw%%nﬁtﬂ? each
approved head disc assenbly configuration; (b2) determ ning by seria
number whi ch head stac’fiepéstgé‘réﬁ‘iaéée%bwS%BF%@HW‘P@NCGS’@C Vg assembly sc

| ots approved for eachfieg agggg&ag?&gjsq%gﬁgﬁgg{eh%geﬁ{biggggvﬁb3) sel ecting

by serial nunber which spindle les are a eéd for use in
conj unction w th (cheinforsing enysasseniblyrstations grededing thefastrsyemblpgtatived f or

each approved head di sc_assenbl nfiguratjon: and (b4) .constructing an
appgr]ovgg head disc ass%eﬁﬁﬂr?l%sr% cgﬁrﬁf%ﬁyfgﬂ?@m§§% h‘%?ﬂdéﬁcéﬁ?"&lﬂyl)g
through (b3). 12. The wifetatiiCaséBBlyHnd Bearingth8sdldctbBERI disd 8erhigt r uct i ng

step (c) further conprises: (cl) analyzing a sel ected head disc assenbly
serial nunber for conpierighaumbezite any subseanest assembely statign initheautomased| y

configuration table; gﬁﬁgédﬁ\%]%tsérﬂﬂ’lvlﬂﬁ- an approved sequence of assenbly

steps for an autonate disc drive assenbly |line based on the sel ected
head di sc assenbl(g5) diesctiag andi adstgningabprevi)l aasemitdy steps HeAngGubkgaentbl y st eps
(fromthe approved sequence, of assenbl ){ teps to a first assenbly station

of 1%n aut omat ed di sc dAsSYRbLyStatiop cppa 10 pesforming selected assembly steps of the

approved sequence of assembly steps upon encountering the head

disc assembly undergoing assembly and bearing the selected head

'disc assembly serial number; and

(d) commanding assembly stations containing a serialized component to
15 execute approved assembly steps installing the components and
reporting the serial number of the component installed to the host

computer.

13.  The software program of claim 12 wherein the monitoring step (d) further

20 comprises:

—.

_. (d1) responding to requests from assembly stations executing assembly steps
requesting continued execution of process steps authorization based
on serial numbers of components available for assembly into the head
disc assembly at the assembly stations;

25 (d2) detecting station complete signals from assembly stations assigned
assembly steps; and
(d3) analyzing the station complete signals for satisfactory completion of the

assigned assembly steps.

30 14.  The software program of claim 13 wherein the constructing step (e) further

comprising:



20 25 30 line capable of performing the selected assenbly steps; (&4 FER 2008
inform ng any assenbly stations preceding the first assenbly station
perform ng sel ected assenbly steps to pass any head di sc assenbly

under goi ng assenbly and bearing the sel ected head disc assenbly serial

nunber to any subsequent assenbly station in the automated disc drive
assenbly line; (c5) directing and assigni ng approved assenbly steps to any
subsequent assenbly station capable of perform ng sel ected assenbly steps

of the approved sequence of assenbly steps upon encountering the head

di sc assenbly undergoi ng assenbly and bearing the sel ected head disc
assenbly serial nieipbuildinga céufigurationedatd siencass Gordayh 6f theidersmieAheadi Ny a
serialized conponent t&. exechye approved assenbly steps installing the
conponents and repor t g SHE e‘i‘qn%ig‘W‘?ﬂﬁ’éﬁér~ of the conponent installed to
the host conput efed) dollectiie as RELMBIE c%ﬁ?ﬁdﬂ%éﬁal GhAbd ihforMARGE Hanf (S
nonitoring step (d)” further conprises: responding to requeg{s from
assenbl y stations execasseémblysstasiomb pgrtisipapsg inr assemalslyistepgs;camdt | nued execut i on

of process steps thorizatihon based.on serial nunbers of co nent s
avaly! able for as s@ﬁg?g}ﬂ?tm%thf ﬁgnﬁ%g%lonuqiacs%b@ﬁﬁ?n@ té? aﬁ?ﬁéer&g@anbl y
stations; (d2) detecti&nsindht @faFATbSdataToARRLhd 4OBAaHeIREN &EAt | ons
assigned assenbly steps; and (d3) anal yzing the station conplete signals

for satisfactory conpl@semblyserighpumbes datgisetctissenbl y steps. 14. The

sof tware program of claim 13 wherein the constructing step (e) further
conprising: 20 23 (el) building a configuration data structure for each of
- the determ ned heHisk sofiveare pogearh oy claim i B guhiesdin thiegesponding step (d1) further

10 comprises:

N

(d1a) approving requests from assembly stations executing assembly steps
continuing execution of process steps based on approval of serial
numbers of components available at the assembly station for
assembly into the head disc assembly at the requesting assembly

15 station; and
~ (d1b) tagging electronically the head disc assembly undergoing assembly
within the assembly station for continued processing based on the
configuration of the head disc assembly compliance with the
constructed head disc assembly configuration table.
20
16. .. The software program of claim 13 wherein the responding step (d1) further
comprises:

(d1ai) disapproving requests from assembly stations executing assembly
steps continuing execution of process steps based on disapproval of

25 serial numbers of components available at the station for assembly
into the head disc assembly at the requesting assembly station;

(d1bi) tagging electronically the head disc assembly undergoing assembly
within the assembly station has withdrawn from continued processing
based on the configuration of the head disc assembly failing to

30 comply with the constructed head disc assembly configuration table;

and



5 15 20 25 30 (e2) collecting as assenbl ed conmponent serial nunber 2 § FER 2004
information fromthe assenbly stations participating in assenbly steps;
and (e) populating the configuration data structure with the as assenbl ed
conponent serial nunber data form ng the as assenbl ed head disc assenbly
serial nunmber data structure. 15. The software program of claim 13 wherein
the responding step (dl) further conprises: (dla) approving requests from
assenbly stations executing assenbly steps continuing execution of

process steps based on approval of seria nunbers of conponents avail abl e
at the assenbly station for assenbly into the head disc assenbly at the
requesting assenbldlcisiotifying sutdeghcht ddabmbRagils SHEhe Haf flunked diind e

di sc assenbly undergoi ng assenbly w thin“the assenbly station for
continued processing bA%slismasserablyvwithidram fomorentifuedprobessiigdi sc assenbl y
conpliance with the constructed head disc assenbly configuration table.

16. The software program of claim 13 wherein the responding step (dl)
further conb?.i seShe §afivedry peogranf olairmd 3 vafrels tise W@Wb)’ﬁﬁh@f i ons
exeguting assenﬁ%%. steps continui ng execution of process steps based on
di sApproval BMPIER al nunmbers of conponents available at the station for
assenbly into th hiRg fRSRE LD tation
(d1lbi) tagging elgg?f%%¥§gﬁgy t he §§f@ﬁ§i§@é§@%@%§giH32§5@5ﬁ5&53§@%b|y
within the assenbly st dist assehbly widetgbizgwssémbly basetd omsnedessfud caapictign based

on the configuration of.the he I sc assenply failing t conply with the
constructed head disc %%tbgﬁﬁe?%i%%ﬂsﬁfﬁ? %%B‘F%?nt&%dm%%“ﬁ@’;@@% 24
. (d3b) tagging electronically the head disc assembly undergoing assembly

10 ’ within the automated disc drive assembly line as approved for further
processing by subsequent assembly stations based on the successful

completion of the assigned process steps by the current assembly

station.

15 18.  The software program of claim 13 wherein the analyzing step (d3) further
comprises:

(d3ai) disapproving further processing by subsequent assembly stations the
head disc assembly undergoing assembly based on unsuccessful
completion of the assembly steps assigned to the current assembly

20 _ station;

-~ (d3bi) tagging electronically the head disc assembly undergoing assembly
within the automated disc drive assembly line as disapproved for
further processing by subsequent assembly stations based on the
unsuccessful completion of the assigned process steps by the current

25 assembly station; and
(d3ci) notifying subsequent assembly stations with the serial number of the

head disc assembly disapproved for further processing.

19.  The software program of claim 12 wherein the serialized component is a
30 disc.



(dlci) notifying subsequent assenbly stations with the serial numg{ PER 2004
the head disc assenbly withdrawn from conti nued processing. 5 15 20 25 30
17 The software program of claim 1.3 wherein the analyzing step (d3)
further conprises: (d3a) approving further processing by subsequent
assenbly stations the head disc assenbly undergoing assenbly based on
successful conpletion of the assenbly steps assigned to the current
assenbly station; and (d3b) tagging elecisonically the head disc assenbly
under goi ng assenbly w thin the automated disc drive assenbly line as
approved for further rocessi ng by subsequent assenbly stations based on
t he successf#9 cﬁhw@[imﬂpmgrvn@fabhnga epsin thesserislizedscompohémt isar r ent
assenbly stat] sof tware program of claim 13 wherein the

anal yzi ng st@%w%§§¥%§ﬁpgﬂgr conprises: (d3ai) disapproving further
processi ng by subsequent assenbly stations the head disc assenbly

under goi ng azﬁenblg based on unsuccessf ul cqngletLon of the assenbly
steps assignel tol %EO}EYH‘FBFREY%S%HBW 12 g¢hgrqin the serialigeyl compgneny is a

el egt roni cal R rT=rTo el assenbl y undergoi ng assenbly w thin the
autgnated digﬁmggﬁbe as%e&%ﬁy | ine as di sapproved for further processing
by subsequent assenbly stations based on the unsuccessful conpletion of

t he assigned process steps by the current assenbly station; and (d3ci)
notifyi ng subsequent assenbly stations with the serial nunber of the head
di sc assenbly di sapproved for further processing. 19. The software program
of claim 12 wherein the serialized conponent is a disc. 2 0 F 25

(



20. The software program of claim 12 wherein the serialized corrponegt Hs,.,.amm
eu)

head stack assenbly. 34 21. The software program of claim 12 wherei
serialized conponent is a 5 spindle notor assenbly. HEAD DI SC ASSEMBLY
CONFI GURATI ON AND ASSEMBLY CONTROL SYSTEM FOR A DI SC DRI VE Abstract of
the Disclosure A head disc assenbly configuration and assenbly control
systemwith a network server including a master disc drive configuration
data structure, a host conputer comunixgating with the network server
generating interface signals controlling configuration and assenbly of a
head di sc assenbly for several station control systens. Each station

control system oHEAD DISC ASSEMBLY CONFIGURATEON ANDSASSEMBERY an
aut omat ed di sc drive assaONTRODSYSTEMFORA Dise pRpepassenblies. The

systemincludes a host mcro controller providing a communication |ink

between the host conputer and eﬁﬁ&rﬁ&%ﬁ’lﬁébng’ii&h}@” and a communi cation
interface board at each station translating the interface signals from

the host conput €A Bgﬁd it ass%%bﬁ/scso%%u%ugﬁ & a5 &ngllyscon%olt s@gteglsvsvlt aI y

station. Fig. 1
network server including a master disc drive configuration data structure, a host

computer communicating with the network server generating interface signals
controlling configuration and assembly of a head disc assembly for several station

10 control systems. Each station control system operationally controlling an assembly
station of an automated disc drive assembly line assembling head disc assemblies.
The system includes a host micro controller providing a communication link
between the host computer and each assembly station and a communication interface
board at each station translating the interface signals from the host computer for use

15 as assembly step signals by the assembly station.

Fig. 1
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