1 AUTO CONFI GURATI ON OF HARDWARE ON A PORTABLE COVPUTI NG DEVI CE FI ELD OF
THE I NVENTION 5 [0001] The invention described herein relates to a

mechani sm for manufacturing a portable conputing device. In particular,
the invention described herein relates to a nethod for manufacturing a
portabl e conputing device using hardware; conponents sourced fromdifferent
manuf acturers. 10 BACKGROUND OF THE IN\/E]N'I'I ON [ 0002] The conventi onal
portabl e conputing device, such as |aptop conputer, a PDA, or a wreless

tel ephone, includes a LCRi¢rSR}EMEIGIRA | @QAIQ.]? tion to the user,
and a keyboard or keypadlﬁc‘)r@ aC|)F|tat Fﬁ%ﬁ;@fa en ?‘5 y the user. The LCD

di splay might be a transONAIRRTABLEAGMPUTING DEMIC¥e LCD panel or a
transreflective LCD panel, and 15 m ght be sourced fromany of a nunber of
di fferent manufacturers. [0003] Each make and nodel of LCD panel typically

has its ovwppsy OFarRINVRNTIOEt | ons set and signal timng characteristics.
As such, the portable conputing device nmanufacturer nust maintain a nunber

of de¥i ce [B00MEFle frorentivh deferitied hePBinprubats t¢ hamechaismafouf matufaearing ght
use during fabricatiqon of the portable conmputing device., Further, 20 during
'he fabr i SaFRRS ,‘gf‘t"é ni'tPE uﬁﬁsﬁwnﬁﬁﬂ&?qnﬁ?saeﬁ@q figrefrh &l do aind
rodel of - rhdiRod G5 RRRkcnRg 4 HRRIBRNmbe! BRIBOULAR! FulRERUbLRGARK co
with the correct device driver. Alternately, .the mantfacturer t ensure
that the cewrced frogedifferentimapefactutars.t he LCD panel will be |oaded onto the

conputing device. This nethod of manufacture is tinme consum ng, error
prone and | abour intensive, and therefore, also increases the 25

manuftact uBATKGROUND ORTHRINVBNEIONNpUt i ng devi ce. [0004] Therefore,
there is a need for a nethod of manufacturing a portable conputing device
in whi ch {#92hdfercapyantionalngytasle compuiing deviae sueh as lptareeonguténa®D Al | y-

R e e NP
si gnal ti keybgpachar agyiped ifet facditating data entry by the user. The LCD display might be a
transmissive LCD panel, a reflective LCD panel or a transreflective LCD panel, and
15 might be sourced from any of a number of different manufacturers.
[0003]) Each make and model of LCD panel typically has its own particular instructions
set and signal timing characteristics. As such, the portablé computing device
manufacturer must maintain a number of device drivers for all of the L.CD panels that the
manufacturer might use duringrfabrication of the portable computing device. Further,
20 during the fabrication process, technicians must manually identify the make and model of
the LCD panel, and then conﬁgﬁre the portable computing device with the correct device
driver. Alternately, the manufacturer must ensure that the correct device driver for the
LCD panel will be loaded onto the computing device. This method of manufacture is
time consuming, error prone and labour intensive, and therefore, also increases the
25 manufacturing cost of the portable computing device.
[0004] Therefore, there is a need for a method of manufactﬁring a portable computing
device in which the manufacturer may select from one of a number of functionally-
similar hardware components (eg. LCD panels) at any given time in the assembly

process, but which may have different instruction set and/or signal timing characteristics.



2 SUMVARY OF THE | NVENTI ON [ 0005] According to the invention described
herein, in a manufacturing process in which 5 a manufacturer manufacturers
a portable conputing.device by selecting fromone of 'a nunber -of
functionally-simlar but possibly electrically-different hardware
conponents,- the assenbl ed portable conggting devi ce aut o-configures by
electronically identifying the hardware“conponent installed in the
conputing device at the tine the portable conputing device is

manuf actured. 10 [00061 According to one aspect of the invention described
herein; there is provided a nethod of manufacturing a portabl e conputing
device, that involves the steps of (1) mnmintaining a table conprising
stinul us/response data for possible hardware conponents that nmay be

i nt er f acedSUNNMARYONUHE RyVERTION (2) perforning one nmanufacturing step

in the na ture of th ortabl e co i ng device interfacing gne of
![ he possi BllldhﬁilSXﬁ‘éqr‘g\ﬁﬁli‘éﬁFgﬂﬁ HtcLESqu)eHLhI(?FFg“’dP\é;‘F .PIOGFSStl}g%é‘.’hICh
conpus i Ng AaihGRctddmbRifactRRE 9 Epﬂhﬂﬂe%ﬁa;ﬁﬁiﬂ% ldeVRE lHyaéétlé&ﬁlng[' el dF 4 NE

manuf acture by: (i) applying a stinulus to the interfaced Rardware
conponent ;vgrler o faiditgnally-sispbin ot pessihly eéectnitallyfdfferdnt hadvaser eongempntsent

i > to t Li.ed stinmulus; .(ii) identifyi t he |. f -
nar cuar o QBsTRRed PAHEE ciipiing Revictliors et iBeclkptomicaiy 1sitving
sti nmul us/ riké pardeare dosipondst MBE1IEd ith )the %}ﬂ]ﬂl[tigg‘iiévﬁ%niti ftieCatbnleOfhe Soriable

configuration data in the conmputing device. 07] According to another
aspect of COHWUIRY deiirols rauidactlsed herein, there is provided a portable

conpy i ng 1 C i S A risihg.stinul us/ response . data

For osar SO Eeckhithe 18 by R85ct B PR oHOR dert Bl Mokl oee SRRV RS0t g

devi ce; amietR&d dfitarpfaoeini 0@oreblesconfpurtipgndsvicatheinvwives iHesttgPbe (1)t he

data processing. bei ng.configured for perform g the foll ow ng steps
f

upon i nt e gr;gg"%ief CoITSIEEER P%’rqﬁ_a? Hirelat fob npwia hardparmcamponsniver
ggmtnie_ 2; ugié 6@4@@&%@@}%@% #RVoRpuBing delib! (23! p&iRlnd Bndlnah DB RALE AR,S
in the manufacture of the portable computing device by interfacing one of the possible
15 hardware components with one other component of the computing device; and (3)
performing one other manufacturing step in the manufacture by: (i) applying a stimulus
to the interfaced hardware component, and reading a response from the inferfaced
hardware component in response to the applied stimulus; (ii) identifying the interfaced
hardware component from a correlation of the response with the stimulus/response data;
20 and (1ii) saving the identification as configuration data in the computing device.
[0007] According to another aspect of the invention described hereih, there is provided a
portable computing device that includes:
a table comprising stimulus/response data for possible hardware components that
may be interfaced with the computing device; and
25 data processing means in communication with the table, the data processing
means being configured for performing the following steps upon interfacing one of the
possible hardware components with one other component of the computing device and

initial power-up of the portable computing device:



(1) applying a stinulus to the interfaced hardware conponent, and reading a
response fromthe interfaced hardware conponent in response to the applied
stimulus; (2) identifying the interfaced hardware conponent from a
correlation of the 5 response with the stinulus/response data; and (3)
saving the identification as configuration data in the conputing device.

BRI EF DESCRI PTI ON OF THE DRAW NGS [0008]3The invention wll now be

descri bed, by way of exanple only, with reference to 10 the acconpanyi ng
drawi ngs, in which: Fi.g. 1.is a front an view of a handhel d conputing
devi ce, accor di ﬂé %pﬁ’g’“g%\%%‘?ﬂl}‘%‘ﬁm ﬂ’é%‘ieﬁlﬂ‘&ﬂi Vgt comgongry, angd reading & chenmat i ¢
vi ew depi cti ng L @ i f : i i Fig. 3 -
is a flowhart %egl c%’?ﬂg{mg?t%%égg‘a%%%fg@ﬂ t gln%%#g?ﬂllg%ﬂ@fyi ng

har dwar e i nst astinedus;n t he handhel d conputing device; and 20 Figs. 4a and

4b toget her conpri.se a flogwhart depigting, in detail, the nethod of

i denti fyi ng an%@da‘?‘}@‘(}iﬂg ?%ﬁaﬁ?fg‘?ﬂﬁg’a’f%&?nm?&?% %’aaicﬁffﬁlﬁé“’mg@ﬁa d
conpw i ng devi cReponRENAh MR RN RN ¢&h; I4E PREFERRED EMBCDI MENT [ 0009]
Referring now to Fig .1, there i s shown a handhel d conputing device,
denoted 25 ger(@) shvipg the idewification azleehfigumatiotidaty it thexrenmgprectevisk. t he

i nvention. The handheld conputing device 100 includes a display 122, a
function key 146, and data processing neans 102 (not shown) disposed

within a GRIBFDBSCRIFOON OFOTHE DREAWINGE ment, .the display 122 conprises
a reflective or trans-reflective LCD display, and the function key 146

oper at es 489081 herinyethion svillinety badesarbad.ciyyway of examplieondyvboith rederegcetthe
di spjpy 1 f r j £sive LCD display, and the function key
146p1£erat%%esé°§gﬁl§g%’|od\l\%l ra‘sa“'gnréso?\%g}v‘\’nﬁtch. [0010] As will be described, the
data processi ng nmeans conprises a mcroprocessor 138, and a nenory 124,
126 (dispgsed within fhe housing). The nenory 124, 126 carries

T f Fah

is a front plan view of a handheld computing device, according the invention
described herein;
15 Fig. 2 is a schematic view depicting functional details of the handheld computing device 7

Fig. 3 is a flowchart depicting , by way of overview, the method of identifying hardware
installed in the handheld computing device; and '

20 Figs. 4a and 4b together comprise a flowchart depicting , in detail, the method of
identifying and configuring the LCD display installed in the handheld computing device.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
~ [0009] Referring now to Fig .1, there is shown a handheld computing device, denoted
25 generally as 100, provided according to one aspect of the invention. The handheld
computing device 100 includes a display 122, a function key 146, and data processing
means 102 (not shown) disposed within a common housing. In one the embodiment, the
display 122 comprises a reflective or trans-reflective LCD display, and the function key
146 operates as a backlight switch. Alternately, in another embodiment, the display 122



5 conputer processing instructions which, when accessed fromthe nenory
124, 126 and executed by the m croprocessor 138, cause the data processing
means to performthe nethod which will be described in further detai

bel ow. [0011] In addition to the display 122 and the function key 146, the
handhel d conmputing device 100 includes yser data input neans for inputting
data to the data processing 10 neans. rther, the data processing neans
102 is in comunication with the user data |nput nmeans. As shown,

preferably t he. user data in %54 des a.keyboard 132, a thunbwhee
148 and an“PYL5e 2 Té“‘d‘w gé?znﬁ &‘ﬁeﬁ‘ ‘E}fiﬁgﬁﬁefﬂﬁeﬁ@és"sp‘b‘lfﬁt he
handhel d c&{mg*tswngh_dew ce 100, depend| ng upon part avai lability, the

manuf acturer of the handhel d conputing device 100 15 might select from one
of a nurrbeﬁﬂﬂbﬂl Agiwell bodasdriped, the ldata fregessing meammnmmiﬂesalﬁorop'rmkmm% t he
manuf act urer ht s C ram one Q ypes of LCD displays
122, or otar?gr Hlogjhgai%é 9@ ﬁ‘fm%t@ télﬁ’FerE‘H"We%’d \12p s@yrics
However,  sjoagmitertphécei@ng irattudfists which hﬁh&ﬁﬁ&@?s'e&' SRR Rhofe Y24 € 260 am ght

source the hardware conponents froma nunber of different part 'suppliers,
and si nce exeped bwharmlsmooaml 138y cawe theidataspropésyingi measetot perform the

ver si ons/ the hardware conponents
m ght be e ‘{)(?nga:flﬁ{liﬁlbﬁe?g?r%% V%E&ﬁﬁﬁgglgﬁf(:e t he pul se wi dt hs and
timng r eqomnqrmmﬂameﬁ tb e Sisplag!192 ey il fubetiorPRIWVERT) thd'RandREIdUdsn:

di spl ays 122, 0013! Typi cal l y,. the handhel d conputing device 10 |s a
t wo- way WiPEres 0 usert YA THpM meansaler igputing slaty twﬂlecéatamomsmg

co ni ca s.C I he ..handhel.d c ting
de\r/TTm(?e 10%ﬂ as ik écrag{ab&#a P y%f' g C%Hl%anﬂ Hbelsqﬁ%&f%n&'tl%agpn% h]te tens
on the | ntmpulnateansDeAe ahbvmg poeletdbty theagér datmmbumazlﬂstMClu@ésCa/ké%@dardtlhﬁ a
W rel ess tt]ang ﬁﬁ{% deV| ce 00 may be referred to as a data
nmessagi ng wireless e-mail device, a cellular

t el ephone WltZ]‘lﬁlnn afrR ﬁﬁlﬁﬁ%ﬁﬂﬂlgcﬁﬂﬁgésl bf 1R haﬁdl%mek ﬁﬁj%ﬁﬁ]@“ﬁé 100,

appllance or a dafa conmmunication® device, as exanpl es.
depicts f derenilmgaipon pexiaveilaflityhthe mf@memmfnbuhmnﬂ@ewmmqmﬁﬁ@ ﬁew\M w@

15 might select from one of a number of functionally-similar hardware components. For

instance, the manufacturer might select from one of a number of types of LCD displays
122, or other non-standardized hardware components (such melody ICs). However, since
the manufacturer of the handheld computing device 100 might source the hardware
components from a number of different part suppliers, and since a particular part supplier
20 might supply different versions/models of the same hardware component, the hardwa:re
components might be electrically-incompatible. For instance, the pulse widths and

timing requirements of the signals may differ between the various LCD displays 122.
- [0013] Typically, the handheld computing device 100 is a two-way wireless
communication device having at least voice and data communication capabilities.
25 Further, preferably the handheld computing device 100 has the capability to communicate
with other computer systems on the Internet. Depending on the exact functionality
provided, the wireless handheld computing device 100 may be referred to as a data

‘messaging device, a two-way pager, a wireless e-mail device, a cellular telephone with



t he handhel d conputing device 100 is enabled for two-way comrunication, it
wll 5 incorporate a conmunication subsystem 111, including both a
receiver 112 and a transmtter 114, as well as associ ated conmponents such
as one or nore, preferably enbedded or internal, antenna elenents 116 and
118, local oscillators (LOs) 113, and a _.processing nodul e such as a ,
digital signal processor (DSP) 120. As V\fll be apparent to those skilled:
in the field of comruni cations, the particul ar design of the comunication
10 subsyst 111 will be dependent. 0 he co ni cation, network jn which
the devi ce&l{% m?sﬁfl%ﬂﬁe(@p?lﬁ}ﬁgﬁse raaf”ér.e&l‘%ﬁ &“é%pﬁpg’glﬂq% Rah@RE QORBIBISRIIPRY
devi ce 100déwmae, h@@*;ﬁlﬁiﬁeg’g communi cati on subsystem 111 designed to operate
within the MbitexTM nobil e comunication system the DataTACTM nobile
comuni cat [09k4kEig drdep@RBmgtiongd details s handhsidconEnEn gndsviver KO0 WEHBKA

t wor k. t wor.k > i ts will al di
Upon t ne ¢ s iR NEhRliihg B665RS 16 1 RRIEN B e Wil PO minliatioh: 4 i
net wofks, inbepbrardhetemannftion Gubsisieht 8 1100ndisding Both f e6bePrer! @ BE4 WPT K

using a unique identification nunber associated wth each handhel d
conput i ng EEsIder 114, agvivell sasdassprisied cqompanents aswghias ensror 1ODIVA prefemabhks

however, 3S .7 OGl it ubscrib or 5] t he 20
nandhel o Chuelc 8F BShal, yBRRPGRREER et B RRAL RIS ATRRLLEY ahdor o
requi res moesiisg mdinle subhnisiat digital digral iiolcbdsof @SP) 12001 A fwill DeQPPhiRhEION a
GPRS net wor k, r@lda FQEIL*JI I\/@;ﬂr} order .to operate on some CDVA networKks.

W t hout a‘f}%ﬂeisgl NS (Fldpf pommunigations)\irapartionlar dasge ph theormsumimigativayi ce
e t b ' WGt on- ' ' i ons,
ne Pl dubdfsian | HDGIN B0 pepdaf Hbod he SaNEL B R WAZH AP SLHRE LS O
cal ling, neiypnded tmvepdratb] eforbaxamplee theahatidbiell conputinigndeviey 1 @ mik§Oinchild la be

unabl e to carry.out any other Lfm ti onc? I nvol vi ng .¢c0 ni cations over_ the
networ k. A ( I\/P%‘W%?Ifla(l, 1‘%3131“5 n8r RBFRLP g‘i“iﬁm et Mobite My nagbdle i nt o
which a  ShihiRdidWtieA sYstemN tREDAIBACTE bl @hiflEchtdnkEs@nd i(ﬁlf‘l@é h&wik,

of nmenory "and

PCMCI A card. The SIvi/RU M card can have approxi mately 64K
hol d many UMYVS getwarks EBGEmatwerkos COMduneswhekr. i nf or mati on 153 such as

| dengy f i‘C"['édlgi] Ne?v@grlcsé&§§§rlje&lﬁfements will also vary depending upon the type of network
' 119. For example, in the Mobitex and DataTAC networks, the handheld computing

device 100 is registered on the network using a unique identification number associated
with each handheld computing device . In UMTS and GPRS networks, and in some
CDMA networks, however, network access is associated with a subscriber or user of the
20 handheld computing device 100. A GPRS handheld computing device therefore requires
a subscriber identity module (SIM) card in order to operate on a GPRS network, and a
RUIM in order to operafe on some CDMA networks. Without a valid SIM/RUIM card, a
GPRS/UMTS/CDMA handheld computing device may not be fully functional. Local or
non-network communication functions, as well as legally required finctions (if any) such
25 as “911” emergency calling, may be available, but the handheld computing device 100
will be unable to carry out any other functions involving communications over the
network. The SIM/RUIM interface 144 is normally similar to a card-slot into which a
SIM/RUIM card can be inserted and ejected like a diskette or PCMCIA card. The
SIM/RUIM card can have approximately 64K of memory and hold many key



related information. [0016] Wen required network registration or
activation nethods have been conpleted, the handheld conputing device 100
may send and receive comuni cation signals over 5 the network 119. Signals
recei ved by antenna 116 t hrough comruni cati on network 119 are input to
receiver 112, which may perform such cogynn receiver functions as signal
anplification, frequency down conversiorty filtering, channel selection and
the like, and in the exanple systemshown in Fig. 2, analog to digital
(A/D) conversion.. AID.conversion . of a received signal,al.lows re conpl ex
Communi cat SONERTHER] s A8 PHhss o RAtRgaLT Selh 43 LIy S sppscriber

per formed jepydd@rdabtid0- In a simlar manner, signals to be transmtted -
are procesged, |nch1%u ﬁg nodul ati on and encodi ng for exanple, by DSP 120

and i nput [0016]r &hsmir¢quined hetwvdrk regismatical ot wtiza@dometody dawd been dongdetedicy up
conversio Iltecin | ificajion and transm ssion over the.

commun e beRUEL PR drvioldCREY Sead SR Ee R R el g
COMMUI Cath@ReiFRRLS., ShihlsH §é?ve1d5b3|9_£ﬁ¥ﬁ19ae§16° R oUgRCR M Rni &fdn ARG fiber

control. For exanple, the gains applied to conmminication signals in
recei ver @ inputlta regeived t 12 whidvimaypetferm dught caraingn gereiven fenmtions hy siggdl
automati c gai,f} contr.ol algorithnms inplegented jn P. 120. 17] The .
nandnel o COTRiERa deur ey Holn PRy e Givine sooiroiichs s tedteratiis
whi ch contth®bsantle syaveh shdwiOREFigt 2, Gvalg th RSAG YA TD- colPétBien] 2D @fversion
functions, includin 20 at | east data and voi ce communications, are
per f or ned of hodgsivea myignrk aalloses Juersy sospler] conynatertionc dyngdions 3guchl o8

I nt gract s f ' - t di. s:pl ay . sh
oy 128l Bl a&BinE o BUBEAT g ah Bspto0, 1« ol Baghe viehoi2 1)
subsyst engo be &ansritted bregaotesdl) induelih® aodulh8an asp emdodinglidd exaniple,i3bsPe

136, a short-range communi cati ons sybsystem 140 and any ot her device 25
subsyst er‘rbuéei’fgf B epimitisy 4 LilQFZ digitgh 18] anglog coRverpiens HSEYRY P shown
in Fig. 2 iaﬁ@‘]" AL hAd ok ShERSiQk ‘
subsystengaﬁgiﬁgg%gﬁﬁﬁﬂﬁre ilent" or on- evgbé($%§§?¥gns. K%%%ﬁﬁa?wg%ne
subsyst end 19 suiz antegnk dyBoaP8P 182 aoid onliysprioasssds? @omimanicetiampigaalsrhyt biso used
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communication signals in receiver 112 and transmitter 114 may be adaptively controlled
through automatic gain control algorithms implemented in DSP 120.
[0017} The handheld computing device 100 preferably includes a microprocessor 138
which controls the overall operation of the device. Communication functions, including
20 at least data and voice communications, are performed through communication
subsystem 111. Microprocessor 138 also interacts with further device subsystems such
as the display 122, flash memory 124, random access memory (RAM) 126, auxiliary
input/output (I/O) subsystems 128, serial port 130, keyboard 132, speaker 134,
microphone 136, a short-range communications subsystem 140 and any other device
25 subsystems generally designated as 142.
[0018] Some of the subsystems shown in Fig. 2 perform communication-related
functions, whereas other subsystems may provide “resident” or on-device functions.
Notably, some subsystems, such as keyboard 132 and display 122, for example, may be

used for both communication-related functions, such as entering a text message for



7 transm ssion over a conmunication network, and device-resident functions
such as a calculator or task list. [0019] QOperating system software used
by the mcroprocessor 138 is preferably stored in a persistent. store such
as flash nenory 124, which may instead be a read-only nenory 5 (ROM or
simlar storage el enment (not shown). Tho7$e skilled in the art wll

appreci ate that the operating system specific device applications, or’
parts thereof, may be tenporarily |oaded into a volatile nmenory such as
RAM 126. Th g e{at(i“p System. . s ftvvah? Egg&?idses co%u r rocess}ihgg _
i nstructi ons wh on, ©Wheh “HETRIEEEY MSHY ICSEHCHE PE/ 1005 fUtthaS Bam
126 and exakruiadst de¥askhit.m croprocessor 138, define the 10 af orenenti oned
dat a processi n%zg?eans 102. Received comruni cation si cIJnaI s may -al so be

stored i n [fON] Dreratimposystemmse fstasonsed: hethe [mistoprassssoy 118 is praferihdy segedaigat ed

Storage 180 o et s Sin, A0Han GRARL) £54 RUREA B HS 0 SRR Y ¢ o
each 5pr ogROM)psr sililac soeage diaidrit GRotadhofvnRs ThoenEKiNedliddtht Qiit Wil bhgbia@WN

data storage requirenents. Preferabl é .one of the program data stor a%e
areas 15@at 18 opetating SEstERY PEFIHG Hoviem|applissiions,ner paets therenf] wsayahd

response . [ . _ hat, may be interfaced
W th the fanrany ibifed B0 S AP IENES " RRBORRN. 12b “ind Badln Beiim”or

t heI p(r]I ogr sofiwat I aosipoisag eompaRs pg&&ssi?uéznstﬁxﬁaﬁh ons &&gﬁhnaf_ﬁé&éah%sggdt@?hqhg rigtz

i ncludes gti.mul us apd respons ta for the possib]e i spl ays

t hat coul i‘aﬂ’emlmﬁ'gfyarf%ﬂ‘dz e?ﬁ‘ng oﬂ%‘éied‘e%ﬁ‘il)gf ﬁ?gﬂﬁ&ﬂre@%@ol}% defxg] the

M crigpr ocgfsdhentidfied itaFHE4RE nt tléz.oﬁé‘e%éﬁiaa‘gorﬁx\fﬁh{%mi&x‘ Eﬁgﬁahﬁf]ﬁa also
pref er ablg enabl es execution of software applications on tire andhary
conput i ngbelsipiedan RAM 126edet er mi ned set of applications that control basic

ti i1, | [ .installed 1 t he handhel ti devi
206" aur | niPoadl e sREH: g 13 miedsE 128 fan i e Bearteh AiG S e Seagp For bt o
conpri se ggmpaer ﬁbWsSS&Qﬁdh%&iﬁHa%om?&?%,tlB@, FarAuase. GeRROMERL: t hat

may be interfaced with the handheld conputing device 100. For Instance,
pr ef er abl §f013ae aksas ingkicate that gachpresranp pan eldedatens portion of Slaskievimay 124 for

15 their own data storage requirements. Preferably, one of the program data storage areas

150, 152, 154, 156 maintains a table that includes stimulus and response data for the

possible hardware components that may be interfaced with the handheld computing
device 100. In particular; p'referably one of the program data storage areas 150, 152, 154,
156 maintains a table -that includes stimulus and response data for the possible LCD
20 displays 122 that could be installed on the handheld computing device 100.
[0021] Micropfocessor 138, in addition to its operating system functions, preferably
enables execution of software applications on the handheld computing device . A
predetermined set of applications that controi basic operations, will normally be installed
on the handheld computing device 100 during manufacturing. |
25 [0022] One such set of software applications comptise device drivers for the various
possible hardware components that may be interfaced with the handheld computing
device 100. For instance, preferably one set of the sofiware applications comprise device
drivers for each of the possible LCD displays 122 that cbuld be installed on the handheld



drivers for each of the possible LCD displays 122 that could be installed
on the handheld 8 conputing device 100. Another set of software
applications mght performdata and/or voice conunication functions, for
exanpl e. [0023] A preferred software application nmay be a personal

i nformati on manager (PIM application ngi ng the ability to organi ze and
manage data itens relating to the user 5 the handhel d conputi ng device

such as, but not limted to, e-mail, cal endar events, voice nails,
appoi ntments, and fask iteng. turall one oy nore nmenpory stores would be
avai | abl e ‘&ﬂ%ﬂlﬂii’élgr#éﬁ’d‘ﬁelloh' g‘g‘?\% ¥ $56 of sdfreare agriications might rerfrmylatapaddpny

dat a it eMbyoiQUedinmhithtRPhhOfdnsOfor Woshptepr ef erably have the ability to send

s
and receive data itens, via theS wireless network 119. In a preferred
enmbodi ment [002HeA Rirdfiedted aofiweresapplicatimamie bs |aypetoriah irdgrmdti, mayapeh (RIM)z ed

and updated, ,.vi.a t;he.wr el etwork 119 wth the user's. corresponding
Gata |t onePelitiRe VA EE PATL S ofires Moemiagh daticiteey coliing T e Rew of
appl i at i GRS himiheRd @%Faﬁngqedi@e S0k @s, e nbransiel & Ef%mwcaraﬂdé}%‘éfrﬁg vbil
through the network 119, an auxiliary 1/0 subsystem 128, serial port 130,

shor t - r anggailse gapaininsats, ond taskbieras. e Naturallyo rongror wotvemesiory alores wold st em
142, and i al by a.l5.user i.n the 126 or. pref | y.a non-yol atile
store (notaggﬁ%\}\%ﬁ%g%hgﬁl a'el%eigf: ?%R“ﬁ’iﬂ %‘@ce%!}%?ﬁ'ﬁeo%%%g% P?E%%@dfﬁms $ich
f1exibili tHM spplippidrcbuldipréferdb) hatd e abilify 3RS ahd Becelvénttd RaAS My mel the
devi ce and may provi de enhanced on-device functions, comunication-related

f unct i ons Wigglessdgievorkoll 9 x Bivp Ipscfered gmbodiomemtthe Vb datagippny awstscamiesstyry
enahblpe el I1C - ' t u fin i al. 0 ,

tr aﬁggct i g‘%értg {oydbgg per ; oir;ér%rle u?%)ﬁ%&?’hgﬂg%l%d‘ﬂﬁlgsg Scﬁarrﬁvt?fdf ﬁggdé‘%hc@%iﬁf 8

[ 00241 | ncarresppadiagndumn itemb | sioredud eassecidtad eithed 1By bainpalE Rysdema F@fer
nmessage or b . page down]J oad wi ll be processed by the comrunication
subsyst emalil\ﬁcagﬂ’gs 814?5[??“‘% e {9pded pntg Hisy eld rcompmtingjeyirept X thronghythe
further ppecRIRes1dheu eaRiigy I@N oufaut 3 5P WorkAfeeCr
alternatively to an auxili ardj'gl / (ggdgi\l}l)s %}E?Zgj%x ﬁésrg‘rl %ﬁt hie agﬁ&%@g%
conput i ngcelauupicatilon sabyysidéns d 40anpoyethiatsaitalile sebsystem 442, emmi ihstatbisages f or

gi(ggglnﬁ’rre}li ?HE gﬁ)@g{\g ‘f%éj o ﬁgefc%'ggly aV%]oin(i\boilttﬁe %{061% Igoat%hgw% fo?'%)(leg}ti%n by the
microprocessor 138.  Such flexibility in application installation increases the
_functionality | of the device and may provide enhanced on-device functions,
communication-related functions, or both. For example, secure communication
applications may enable electronic commerce functions and other such financial

20 transactions to be performed using the handheld compﬁﬁhg device 100.
[0024} In a .data communication mode, a received signal such as a text message or web
page download will be processed by the communication subsystem 111 and input to the
microprocessor 138, which preferably further processes the received signal .for output to
the display 122, or alternatively to an auxiliary I/O device 128. A user of the handheld
25 computing device 100 may also compose data items such as email messages for example,
using the keyboard 132, which is preferably a complete alphanumeric keyboard or
telephone-type keypad, in conjunction with the display 122 and possibly an auxiliary I/0
device 128. Such composed items may then be transmitted over a communication

network through the communication subsystem 111.



t el ephone-type keypad, in conjunction with the display 122 and possibly an
auxiliary 1/0 device 128. Such conposed itens may then be transmtted over
a conmuni cation network through the conmunication subsystemill. 9 [0025]
For voi ce communi cations, overall operation of the handhel d conputing
device 100 is simlar, except that recejved signals would preferably be
output to a speaker 134 and signals for“transm ssion would be generated by
a mcrophone 136. Alternative voice or audio 1/0 subsystens, such as a .

oi ce me cordin b tem may.also be 5 imlenented on the .
handhel d cBiBek f?fg‘_’%}'a%ge%%f %_tlsaa’% REEGH RSTRiOoeT Qﬁ"ﬁ}aad%qlé SAmPUERE fetice s
pref er abl y1@eQimihsS BeckR %Mdei%d?sﬁﬁrﬁmoﬁlﬁ%r@ﬁ%ff %ﬁé}m t ﬂ@#@a&erl? may

b
al so be used to provide an indication of the identi yeo a ca ng party,
t he dur at i onl signads fov tianemissioh wonld bt parcrated by aaaictophehal 3 Ahémativd vaice f or

le. [002 i al t 130 in Fig. 2, would nornmal |y be inplepented in
O onal itk 71O sitsyRBiis, Filh, 27 prysiti, et TaENE CURSATH AL A DS or
whi chs syncifipidheéaéd 6A thé thandheltp 8SmButifke 84580 160 AN uh VRliceSHOMMIo @%&58 e

desirable, but is an og,tel onal device conponent. Such™a port 130 wo
enabl e a uéputiiy preferapivetesompdished priroaly throught the speakde ) B4edisplay 422 gy e

Gevi oo 0BR8P rfuF Y il RRR U, il B o B o dEbRpr

handhel d it ctherdoitcll kORicdinRimbiiaNidrtkaugik. a Wi rel ess -
comuni cation network. The alternate downl oad path may for exanple be used

to | oad arf0@d Sepel pertidd) iariis 2hwoddnarmally theoimptieraented ét e pergnalndigital

reliaple ~ i -her ecure.devi ce R

com‘rﬁir)li ca%ﬁgtﬁw]t%ﬁéf%@m%a idgﬁ_ée g%@@?é%cﬁ%za ,Bgﬁﬂ'é% ugprs

shor t - r angleskteproomputat iiotssho2) aidyshes desifables bat isukd bptiorapdbdbaompomanent
nication between the handhel d conputing device

whi ch may ﬁlfr:ovi de f Co

100 and difkagmrt é@@t GPatie @i wsss fo el psferensss thigveth e extoanal|devise or
simlar deyfimgs. I ey 1 giaﬂ[ﬁ] e ] r.ed
devi ce and asso&pg{?%aﬁ?ég?ﬁusl& gﬁgﬁ%jg%yp% g‘?\‘%léé%?ﬁ%g uetez)tg?%%ﬁgrﬁ it
comuni cat!Pérby puowidieg tfor pnfoxmationf ar sefommenioailoats twi the xindhéldr dommmniapl ed

Systgms aﬁgvigee 05 3¢her than through a wireless commmication network. The alternate

download path may for example be used to load an encryption key onto the device
through a direct and thus reliable and trusted connection to thereby enable secure device
communication. |

[0027] Other communications subsystems 140, such as a shbrt-range communications

20 subsystem, is a further optional component which may provide for communication
between the handheld computing device 100 and different systems or devices, which
need not necessarily be similar devices. For example, the subsystem 140 may include an
infrared device and associated circuits and components or a Bluetooth™ communication
module to provide for communication with similarly enabled systems and devices.

25 [0028] Fig. 3 is a flow chart that depicts, by way of overview, the sequence of steps
performed during the manufacturing process of the handheld computing device 100
according to the invention. Initially, at step 300, a table is created that comprises
stimulus and response data for possible hardware components that may be interfaced with

the computing device 100. As discussed above, preferably the table is maintained in one



25 [0028] Fig. 3 is a flow chart that depicts, by way of overview, the
sequence of steps perforned during the manufacturing process of the
handhel d conputing device 100 according to the invention. Initially, at
step 300, a table is created that conprises stinulus and response data for
possi bl e hardware conponents that may be interfaced with the conputing.

devi ce 100. As discussed above, preferaﬁpy the table is nmaintained in one

10 of the program data storage areas 150, 152, 154, 156, and i ncl udes
stinmulus a response,  data for t sj bl CD._di ays 122 that could be
st al | ed Sriat RETERER dhis TR e g |t e 116670 MssS bt andgpeonss,

al so be Mejapt Rir MESpSusiv®s DED dis1fyst 172 thanSar] Kb inGQnREsd A m&&@c%ﬁpuﬁn
5 ha dvvagr e

Further, the table may include stinulus and response data for
conponent Sleyidget0G. hdigweyer,i the ddbletoey dlso, bt meiptemsd xeerhdly ¢ shed hypsdheRD.

0029] At step 302 f th i ble hard . f thi
bossi bl o PRENAE exE 1) Fthr b AiE T AR A Srepotie B 4G, an
edge $onng@aidirare @hmpbentd GBS of HRMHOY 0] e possiBRA.C1D QB3R Pepsequent |y,

at step 304, the manufacturi ng}&pr ocess continues when a stinmilus 10 signal
i s appl i ed0ZPTtMestemBO2f enceoll Hhgrpoasible haudpareesomponnnts {eg.copovisthegiogsible i s

read fro . # has dwar.e co nent i'n response, to the a |,ed
el us. TSR Pish F 22 R SO BRRE i BB Y ek dohBmE e
conput i ng hardlietdcdiputi@de®icetloo, stimulus signal to be applied the

i nterfaced hardware conponent, and also reads the response from the

i nt er f aced093H Subseusaiiyn o &tep 3045 theopanyfadiwang processtcoptines, wherea shimghisaced

har re e 1.5 < -1 f e ing.. r e.receivedq from
theq:@ﬁt er? %ce ﬁa \}\l/ggetbgg?rtﬁllg%lefﬁét% d\%? atrﬁ%{?eéog%éoﬁug?tﬂtsaﬂgﬁd& §$°g{s§§5’?‘%lgfélsafe gi n
t he sti nulflom thednicefapalisedwalblcompbneaditan adpynset thehadgiplicf sieRas Mefpdns 102

of the handhel d conputing device 100 identifies the interfaced hardware
conponent H’%%%Bﬁ?ﬁg‘%nﬁgm?% Gi}l)é §§8&f@ﬂﬂg iW@&“?W%)ﬁ?‘i“F?el (Gtawpestbe simpldiar e
conponent siafai iBHe dpPpReBe iRSRREAS R e 'cﬂmkpﬁen‘f,tdnméhéésre%%E ?«?sgg%%efr&ﬂbl e.

I f the conponent cannot be identified fromthe response recei at step
304, procthednistfacehhdrdwars campenerp. 304 using a different type of stinmulus.

St ©R3 304[0%'3?] %‘ggn,%rt %terp%%?{h%dm{‘éﬁtaclzeld ﬁarxl' Wate o(ljl{lp%%ntl is i(?e%ﬁlﬁtecll %?flc%rrelating

the tesponse received from the interface hardware component with the stimulus and

response data in the stimulus and response table. Preferably, the data processing means
102 of the handheld computing device 100 identifies the interfaced hardware component
by comparing the response received from the interface hardware component against the
20 response data in the stimulus and response table. If the component cannot be identified
from the response received at step 304, processing continues at step 304 using a different
type of stimulus. Steps 304 and 306 are repeated until the component is positively
identified. .
[0032] Fig. 4 is a flow chart that depicts, in detail, the sequence of steps performed
25 during the manufacturing process of the handheld computing device 100 according to the
invention. Initially, at step 400, a stimulus/response table is maintained for the possible
hardware devices that could be installed on the handheld computing device 100. For ease
of understanding, the following discussion assumes that the stimulus/response table is

maintained in one of the program data storage areas 150, 152, 154, 156 of the handheld



identified. . [0032] Fig. 4 is a flow chart that depicts, in detail, the
sequence of steps perfornmed 25 during the manufacturing process of the
handhel d conputi ng device 100 according to the invention. Initially, at
step 400, a stinulus/response table is maintained for the possible

har dwar e devices that could be installed on the handhel d conmputing device
100. For ease of understanding, the follow ng discussion assunes that the
stinmulus/response table is maintained in one of the.programdata storage
areas 150, 152, 154, 156 of the handheld 11 conputing device 100 for al

of the posempuing deyige 4B0 £0x al of the possible IfaRdisplexsr B2 thet ghe mansfagturer n

t he handhel.d. c : ' -1 0 e stinulus/response table
i ncl udes gllll%lﬁﬁglgirgﬂ%* &ggtqg&#e%g%r ,tﬁ%aé(%ﬁ%és@gbi ated with one of the .
possi bl e [[@33]iThp! siyailis?22spohgpitabad included ahndaba dfodid gedondy, Baels agotiakg@r d 5
identifier, instruction_set data, and timng _and pul se width data for the
associ at edVithyedif g papsibioL CB displavspi s, Typicatlgcench dpgareqreiiagludes asisperdel v

the B oot bt Shoddng ifing 308 i ldeh B3l AF BONLEB T, '
si gnal s t displydpp) Pecferablyt the re@id idiinsifienis ubdiely espaaseé wiitohalLCD GRplayhe -

LCD di spl 122 .shaoul d generate in_response.to the 10 stinulus signals (if
the LCD dﬁ%aﬁé “ie?ﬁﬁﬁ%g‘g@g%@&mw&fﬁr Kd-GRdisplayti%gn set, and the timing and
pul se w digpad dditbh Cedeiedi ; ; | & | Bhe, I Rputing
devi ce 105). F%%%S%ﬁllﬁdeg%cl y,egdtnﬁghg%i?ﬁrrﬁslzﬁtgﬂ%n% slésﬁosj)??pgg&ggﬁetg? g“gfﬁéo
that the disployid?d, respymad signalethai thed Cnidigpédyy! 22cshntldf gentiate inGBsmhinsptoaiic 122.

F . th i Ul US,. S| hoyl 15 sel hat th i mul
G ohATS ety BRali G E U ELP: BEptay Y essOthal) S5 o Thueichvn eat mecthe
handhel d ﬁﬂ%ﬁﬂdﬁﬂﬂ%d@l@d&{@(}s tHeALCDNHIMIE £22 hs@Pibd 9f thel Aidhatg c%}r%gg{&gt (‘)may

cause the LCD display 122 for which the stinmulus signals are inte
provi de adevigsi {92 response. However, the same stinulus signals, when

oppL e ossFEURC AL 4R b, A EER Y15, PED-hERotald
Accor di ngleysivédenighiélmidansifys tpoCP dispday I0heFeheeCthe Gtibr@lus signals should be
15 selected so that the stimulus signals will not adversely effect fhe LCD display 122
installed in the handheld computing device 100. For instance, a set of stimulus signals
may cause the LCD display 122 for which the stimulus signals are intended to provide a
unique response. However, the same stimulus signals, when applied to a different LCD
display 122, may cause the LCD display 122 to enter an unknown state which may
20 démage the LCD dispiay 122. Accordingly, the stimulus signals should be selected to
avoid this possibility. |
[0036] At step 402, the LCD display 122 is installed in the handheld computing device
100 at the appropriate stage of the manufacturing process. Typically, each LCD display
122 includes an electrical edge connector, the motherboard of the handheld computing
25 device 100 includes an electrical connector suitable for interfacing with the edge
connector of all the possible LCD displays 122, and the LCD display 122 is installed in
the handheld computing deviée 100 by interfacing the edge connector of the LCD display
122 with the motherboard LCD connector.



avoid this possibility. [0036] At step 402, the LCD display 122 is
installed in the handhel d conputing device 100 at the appropriate stage of
t he manuf acturing process. Typically, each LCD display 122 includes an

el ectrical edge connector, the notherboard of the handheld conputing 25
device 100 includes an electrical connector suitable for interfacing with
the edge connector of all the possible{%CD di splays 122, and the LCD
display 122 is installed in the handhel d conputing device 100 by
interfacing t he ed%e connector of the LCD display. 122 with the notherboard

LCD conned 7] After theyeesombly elgthe brdheld eomspytingrdavite 108Haicempletshpoveng
devi ce 10GobBod IRk Hafihol® Q¥ putidy dBREL 168 id thel Rt %?%%F%bu%g{%%%ésgﬂthafw ce

100 in the 'next or seque age o manufact ur
step 404. njnd8Blurkfzipeocesh et stap 404r ocessi ng neans 102 has power ed-up, at

St or age. alU8 Afr BeBlals Ghocidne toean ol fPn @OWRGERES. BhEcBHI® Brodiias: ng
means 102 ;hascld Maths 108@RbeKs i o é]rggagi &ah @%r%g;cr%?@asiﬁg())’"i 34, 15% 156 to

expl ai ned, after the LCD display 122 een pro ehtified, the
dat a pr ocdeteimige wdetier lGXladaproscismgoneansf1 02 has phregiydidentifical the Q.CIydispiagas

A T T e
record i dgath ipkdcREsidPmdBiseI0Y Hed Hl%neaanhegigigg%[ﬁ ggg\cf)ért%iﬁgé hied € 50,9585 gnhen

communi cating with the LCD display 122. [ ] Agly, it the dafa
pr ocessi n>hihgrrscord Mdanéifigr thet i yniquelyl assdeinteidiwith ther CRalispdgpt 2 That data

b o9 Sghechl ene” i Mooy 1t BSRBHEP RS f N5
I nitiali zghropridgdivies diensr eeustbvibn atimassaiigakes the LODd 142! d
identifier. xherw se, the data processing neans 102 assunes that the LCD
di spl ay 1893%kdcemsdingly ibleiata armepssingimenes 195 kacates rerecpidodertefiertin thet ep
405, {045kt gyl 8 i sl 16y TSR d8BpRSHERIG S Bl 1,
associ at emeanstiif2 pnacceds folseep 432 where the LCD display 122 is initialized using the device
15 driver associated with the record identifier. Otherwise, the data processing means 102
assumes that the LCD display 122 has not yet been identified and, therefore, proceeds to
step 408.
[0040] At step 408, the data processing means 102 selects one of the data records from
the stimulus/response table. The selected data record is associated with one of the
20 possible LCD displays 122 that the manufacturer might have installed in the handheld
computing device 100. At step 410, the data processing means 102 reads the selected
data record, and then applies stimulus signals to the LCD display 122 based on the pulse-
width data, signal timing data, and stimulus data identified in the selected data record. As
will be apparent, the data processing means 102 applies the stimulus signals to the LCD
25 display 122 via the motherboard LCD connector.
[0041] At step 412, the data processing means 102 reads the response it receives from the
- LCD display 102, over the motherboard LCD connector. As will be appreciated, the data

processing means 102 uses the pulse-width data and signal timing data identified in the

selected data record to properly read the response.



20 possible LCD displays 122 that the manufacturer m ght have installed in
t he handhel d conputing device 100. At step 410, the data processing neans
102 reads the selected data record, and then applies stinulus signals to
the LCD display 122 based on the pul se- width data, signal timng data, and
stinmulus data identified in the selecteﬁ data record. As w | be apparent,
the data processing neans 102 applies t & stimulus signals to the LCD. 25
di splay 122 via the notherboard LCD connector [0041] At step 412, the data

processin 102 r e respqnse it eives fromthe LCD display
102, over g@ﬁgﬁn‘g‘i lflclgr g'lfi_éiﬁﬂ FErERRS F“ea}@& ¢ |qOUsTes ihe despanes)it repriverht a
processi n%‘dfﬁ@[ﬂ@ﬁ%éiﬁ%ﬂ@i‘ dhke SR I’é&;g)h?e G4h 2 'ﬁﬁe&'ﬂg lse{e}:bf&i'?igtaq%éoq‘d

identified in the selected ata record to proper rea e response
[0042) At Iﬁttf@prea;lanse iz tuaﬂatamromssg mgeaniedﬂz r&@:ivezbﬁmrths IIOEdispt@OI(me |t
recei ved dfo % t a]}é gﬂ%? g res ae data identifjed in
the sel ect'@d dléa d"&to PSP R & etsf"l 0@ t 90 15eds ithey datans
102 rgcei E@@teﬁgﬁ@gnmm Lm disSith&y tlﬂa@)?theq()@ﬁ Hﬁ[ala@ﬁwf Ha@endteﬁ&%f‘%&rgq@a

identifie n the selected data record, the d rocessi ng nmeans
assunes t fdantifipd Aceprdingly, a:yomﬂnaa@umatto bep |408,0wh@cttllleydata gantisingadeans

Accor di ng ret to s ere the dat rocessi ng

nmeans (ﬁ ?g@%ot &S rﬁcﬂggmﬁ’reesgn jus/Feppse ﬁ’il‘?

sti mul us/ v[muppmemaaé:yamv{r@%afﬂﬂrb@foﬂ@é ®hi/the Vﬁ{:ﬁéessinfg h&Rs 163 PQR that
e

the data oce55| n neans 102 received fromth lay 102 matc
the respoff88 Hi display; EQP impteligs the resppase d@ttlaldelltﬁiqdenbﬂnt sedd:msdddata

proggssin ﬁllﬂﬁf S .be rectly

i dentii fi egecgﬁfé‘g(ﬁ;? ﬁllg ?@T%H ep 4f§§ #%Bn%g a pr O(]:LESSI ﬂ’l%jﬂ%ﬁ?@ Pegtyes
the uni qum&odgndeﬂtiihd. fmrcotrdhﬁglgre hestéledlﬁiatha daBCioCessigtheanRANR k36es the
Processing .t he eeds step 418. [0044) At step 418, the data
processi ngm ﬁgﬁ{l%? L e ?qif‘é’t%‘?"(ﬁ%uﬁﬁcP igithe ?Répws]t%r dRyosassipg dhenmorems 126
to sel ecttot £ rect device driver for the LCD display 122. The data

pr ocessi ngmrreans 102 then uses the device driver to initialize the LCD
di spl ay 1@844hat step ép8.4h0 datRipeocessing sieeps UPyscs e W idesiifes siopg #Eaes 102

coml’rgnds m QB8 &t ! sd&ct the correct device driver for the LCD display 122. The data
processing means 102 then uses the device driver to initialize the LCD display 122, at

step 420. Then, at step 422, the data processing means 102 commands the operating
system to generate an initial displajr screen on the LCD display 122.
[0045] At step 424, a video capture system visually comp'ares.the mitial screen that is
20 displayed on the LCD display 122 against an expected image. If the video capture
system determines that the initial displayed screen does not match the expected image, at
step 426 the video capture system issues a rejection command nofifying the data
processing means 102 that the LCD display 122 has not been correctly identified.
Processing then retumns to step 408, where the data processing means 102 selects another
25 one of the data records from the stimulus/response table.
[0046] If the video capture system determines at step 424 that the initial displayed screen
matches the expected image, at step 428 the video capture system issues a confirmation
command notifying the data processing means 102 that the LCD display 122 has been

correctly identified. The data processing means 102 then saves the unique identifier in



systemto generate an initial display screen on the LCD display 122. [0045)
At step 424, a video capture systemvisually conpares the initial screen
that is 20 displayed on the LCD display 122 agai nst an expected i mge. |f
the video capture systemdetermnes that the initial displayed screen does
not match the expected inage, at step 426 the video capture systemissues
a rejection conmmand notifying the data 1ﬁrocessing means 102 that the LCD
di splay 122 has not been correctly identified. Processing then returns to

step 408, ere the data racessi ng nmeans 102 sel ects another 25 one of
Uhe data € GPROPRAPIOREIL it Hasess 88 dde LTADid, 15ooHien £3 ndowidels
capture sy. ' t L 8l n
matches ;1 BPRRBERIES AR AN ol lnkd HankR, bR e AN BNED SEAEEL
conf i r mat imay intdrenctrors initd yhenderdtifeatian prqeesscessi ng neans 102 that the LCD

di spl 1 b . tly . iLdentif. . The _.d [ 102
Chen onvedOpRA AR ETussEahTS s rihe stiniis Sgmio shoul ot etien the
storage anggpohddsighdsd recknrbd lﬁécﬁlel)ﬁdeﬁﬁﬁpﬂé%ﬂ%ﬁsﬂl‘é)} EZQGFO%QE% ! migﬁ sgs

424 to 428 can be perfornmed manudl |y, By a techni'ci'an, althou oi n
may i nt r odgt &e @osgple. | Firther,heyen d& pachf o thiei respopso sigaals doOgdqijelpsidatiisye trsed

above, id -t he I qul Us si.gna shoul d be selected so that the 5
response Z"?igl?éfsgpaiye Pﬁ%pﬁﬁﬁ)ﬁ@‘fiﬁﬁﬁeéwwl J E’%ﬁ"‘&l’g]b‘ldat?t o¥rongoteler ,
this m ghWisphgt 122¢ niighSildeahe EOTS digplay 922 Mntbla 8AdN Ahkddien kGRNARIG S IgNal s
do uniquely identify the LCD display 122, it is possible that the stinulus

si gnal s, Wedhdisplayildd geacretss responsg siampls ediresppanydingdt? therraghenspldatdderidied CD

di splpay 1 ' r Kk tate in i,ch,the CD displ.ay.122
genglrogt esgfgﬂg%%ggeds%%g 3@03%%%%%@%’r?tgepf3\f€ﬁ%q?%%%ﬂ%eesmlﬁﬁilﬁ%msfqaﬁed 10
i n the seheaised taiicreatetheabeurAgCsfriié fghificAloalsodtd to 428 are not

Cdont 1 clFhAsrBeaiecd fsyasy o e bERUSKCABBEE e 196 inavdnaleatly
ComPuL R e WS ECHE ey PSR HEH0R 5T
150, 152, program 6@ steragesrsa ibhel 32has4.t 156 th@tetingl thyt th22 Oadisphayalnaady
bee'riSi dengiirgaid?/dbeesno i&ft]ne%ltﬁeﬁ? s]:)uglr{a? ©ho igler}tggzi fiiign%tt{cgtri]m? t&t&:x”r%&a;s a?er: energzggsgrsys.ar -
However, since the handheld computing device 100 may. subsequently require repair
(involving, for example, replacement of the existing LCD display 122 with a different
LCD display 122), preferably the operating system of the handheld computing device 100
is configured with a command sequence that causes the unique identifier to be erased
20 from the program data storage area 150, 152, 154, 156 so that the data processing means
102 will perform steps 408 to 430 upon completion of the repair.
[0049] Modifications to the foregoing process are contemplated. For instance, in one
variation the data records identify a memory address for the RAM area of the LCD
display 122. In this variation, instead of applying reset stimulus signals to the LCD
25 display 122, the data processing means 102 applies a write stimulus signal to the LCD
display 122 that causes a unique data string to be written into the identified memory
location. The data processing means 102 reads back the string from the same memory

location. If the string read back from the LCD display 122 matches the string written to



However, since the handhel d conmputing device 100 may. subsequently require
repair (involving, for exanple, replacenent of the existing LCD display
122 with a different LCD display 122), preferably thée operating system of
t he handhel d conputing device 100 is configured with a command sequence
that causes the unique identifier to be erased 20 fromthe program data
storage area 150, 152, 154, 156 so that fhe data processing means 102 will
perform steps 408 to 430 upon conpl etion of the repair. [0049]

Modi ficatign 0 the foregoing process are contenplated. For instance, in
one vari a'?‘f"gré]? Iﬁlégpg’él't 122 %@cﬁ& Progesiing peagnsnifowvguld pgsuene thap it hassorepthar ea
of the LCQgefhsdl@yYL i $s variation, instead of applying reset
stinmulus si Snal sto téﬁ)gdlf%%@?dl splay 122, the data processing neans 102
appl i es a [#b5@)einstivthet variatiogn the dava rdverdsGRentitly S RitatddRand@dnt&Rs SE6nPor

uni que data strigjgr% ttgl be witten into the identified rrermré | ocation. The
dat a pr ocdREeHGRISELHEahHs 1 adeovmsiaie rengiomeds aprdieditndha LD dieplay | 22.

| ocatg on. phfin; : i f t ' h

i g s Vedidn, 0 daRfob Rl A 102 pbiitsd R Bndice SHBEBT: 166 o
102 woul d dispdapni22 that causesths registee vuluys td berdaidffran thdse régRedti SIfltlayvalded.

[ 0050] In aﬂf)h_her vari at iton, th]g gata records identify the | ocation and
contents &FbHgM fhesq fegisters mateh, theiy gxpectod.valnes, the, dofa mipeaseingusros MEr i s
appl i ed tdedltﬁadsﬁ@e(ﬂha‘iﬁﬂt@}éoé&é’ctlyiﬁex!lt[ﬁédhhé[.@ﬂ@{%%’izz.t he data processing
means 102 &%)I ies a read stinmulus signal to the di splay 122 that causes
the regi s{@51}dn geatheryapation dbie data mecordssidentifyitles enmgents 6f ndvevalatile@semargad

f t hes j r C i e t ed, val.ues, the dat rocessi ng means
102 Vo (PG ELIRAF ST ULLCR Battal 187 Wo% ey Bt vt edbeb PG cymadhy
[0051] | ncedwikiahe Uathadisglay 122¢ JehanatKOHES dafleMddofds hlx ﬁﬁﬁﬁﬁnéﬁwﬁé.
non-vol atil e nory 10 (eg. EEP ontf‘ne LCD di splay 122 that 1dentify,
f or exainE’“t‘? t§ thap “H%’ thgdaedeliyersion off the A€ displiysid2ayin thiz variation,

o S o ol oS W € B b
dat a procé&2sngs tmeenisthd d@eappt,imedd bedg pprasionalaes oAk LEDSdigNay 13D t he
LCDIE' I spl ﬁ%SZ] As will be apparent, one or more of these variants may be used in addition to, or
mstead of, the method described in steps 400 to 428. For instance, if the data processing
means 102 is unable to identify the LCD display 122 using the reset stimulus signals, the
data processing means 102 could apply the stimulus signals described in any or all of the
foregoing variants. _

20 [0053] The present invention is defined by the claims appended hereto, with the
foregoing description being merely illustrative of a preferred embodiment of the
invention. Those of ordinary skill may envisage certain modifications to the foregoing
embodiments which, although not explicitly discussed herein, do not depart from the
scope of the invention, as defined by the appended claims.
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122 so as to read the date code, nodel code, or version data fromthe LCD
di splay 122. 15 [0052] As will be apparent, one or nore of these variants
may be used in addition to, or instead of, the nethod described in steps
400 to 428. For instance, if the data processing neans 102 is unable to
identify the LCD display 122 using the reset stinulus signals, the data
processi ng nmeans 102 could apply the st ilftul us signal s described in any or
all of the foregoing variants. 20 [0053] The present invention is defined
by the clqtgggﬁgpended hereto, with the foregoing description being nerely
illustrati a preferred enbodi mrent of the invention. Those of ordinary
skill may envisage certain nodifications to the foregoing enbodinents

whi ch, al though not explicitly discussed herein, do not depart fromthe
scope of tlheA mmpiiank ¢lonanufactukdg mpditible torepwmzaivsied, aingprising B stehs ofSLAl VB:

1. A nmethod gf nanufacturi a partabl.e co ting device, conprjsi.ng the
steps of (1) emAnGiEg bl shmBngRsimelsghd resohss datiiar poslin badaea f or
possipl e harmﬂ;?@lené tRATRANENMnterfiad wilhdeorhfithi|ReRE, W th the conputing
device; (2) performng oné manufacturing step in-the manuf acture of the

portabl e comZutpenprmingonseniyuiactomng stcp nuthe menvfactuneo s poithide kampuiige
conponents with gne. . other conponent. of. the conputing device; and (3)
perforning o eem_MelpteﬁgﬁWﬁé’@Fl?:}?l?ngossf@%ﬁﬂﬁ&?ﬂg C%H&‘F%‘gﬁ-m opgothep (i)

appl yi ng a s¢dnipdnést dfahé bempitigy devigampr dwar e conponent, and reading a
response fromthe interfaced hardware conponent in response to the applied

stinulus; arfd) @erfprpmgnnemofha guampéaduring Seciadhmponfasreirponent from a
corrgl ati on of . i th t ' ‘ se data. 15 2 The
oo o SRR e Tk i SR8

response from the interfaced hardware component in response to the applied

stimulus; and

(if) identifying the interfaced hardware component from a correlation of the
response with the stimulus and response data.
15
2 The method according to claim 1, wherein:
the table includes a plurality of records, each said record being associated with a
respective one of the possible hardware comﬁonents and defining pin-out data and the
stimulus and response data for the associ.atgd'hardware component;
20 the applying step comprises the steps of:
(a) selecting one of the possible hardware components,
(b) applying the stimulus in accordance with the pin-out and stimulus data
associated with the selected one hardware component, and
, (é) reading the response in accordance with the pin-out information
25 associated with the selected one hatdware component; and
the correlation step comprises comparing the read response against the response

data associated with the selected hardware component.



the table includes a plurality of records, each said record being
associated with a respective one of the possible hardware conponents and
defining pin-out data and the stinulus and response -data for the

associ at ed hardware conponent; 20 the applying step conprises the steps of
(a) selecting one of the possible hardware conponents, (b) applying the
stinmulus in accordance with the pin-out 14nd stinulus data associated with-
t he sel ected one hardware conponent, and (c) reading the response in
accordanc i,th the pin-out informatjon, 25 associated with the sel ected
one har'd\/\;‘r\gh&fﬁﬁfgﬂ‘éﬁ ‘for‘ﬁﬂﬂ“f 1% &y WBSISH 1 PEHAsIRg op¢ PhELmanHpelrring t he -
read resp oA i [ G b |

har dwar e %%onentsﬁge%r&%lﬁg%g%ﬁg? hhggﬂfgg%%ﬁﬁg%%%qlg}égﬁ%ngl%ﬁgp g%w e
per f or mi ngovadlesppntingderfiest uri ng step conprises performng the one ot her
manuf acturing step upon initial power-up of the portable conputing device.
5 4. The nethod according to claim 3, wherein the step of applying the
stimgl us Un ThRGEQhSERESrdihg tb i i 'nﬁﬁﬁgﬂﬁi ses the
portabl e conputing device éap?chgi?/} ﬁ’g@ﬁ?é@%ﬁ?ﬁgﬁﬂ\ﬂlgﬁgﬁg%ne ot her
conponent a¢fsadanch aviilyihe pit-oyemd stiop]usaiath comprises thipogtableepmpoting dsdse t he
portabl e Tputing devi ce. readi ng,the response vja.the one - other conponent
fromthe %ﬁ%i@%@%‘é&ﬁ%@egg bR mpopgiip ?-'H’é?.ﬁé’ﬂwgﬁﬂﬁraa‘idﬁ'é@ to claim
4, wher ei featitig st RAiprivgs HeqRraPRROIPAGnE H6vievFhaRkehe ROPAUE kARLENL CE
conparing the read response agai nst the associ ated response data. 6. The
met hod aceWerserapensntiramithe interigoefl bardwenpednspangnt.he steps of, after the

i deppifying 15 step, the portable conputing device selecting a device
driver for the interfaced hardware conponent in accordance with the

corr el at i fnThansthpdwecondingtp cldim 4, Wierdia tREoRfENR R COMPRSRARAL pbitable
accordance with t{{ée,sel ected device driver. 7. The nethod -according to

4 ] _ .
claim 6, covapuiing H@eﬁag@p.gp% é’p:ﬂﬁ&s@n@@wmc associated response data.

6. The method according to claim 5, further comprising the steps of, after the identifying
15 step, the portable computing device selecting a device driver for the interfaced hardware
component in accordance with the correlation, and powering-up the interfaced hardware

component in accordance with the selected device driver.

7. The method according to claim 6, wherein the possible hardware component”

20 comprises a LCD display, and the method further compriées the steps of, after the
powering-up step, a technician visually comparing information displayed on the LCD
display against an expected image, and the technician dommanding the portable
computing device to save in the computing device the identification of the interfaced

hardware component in accordance with.the visual comparison.

8. The method according to claim 7, wherein the table is provided in a memory of the

~ portable computing device.



20 conprises a LCD display, and the nethod further conprises the steps of;
after the powering-up step, a technician visually conparing information

di spl ayed on the LCD display against an expected i mage, and the technician
commandi ng the portable conputing device to save in the conputing device
the identification of the interfaced hardware conponent in accordance

w t ht he vi sual conparison. 25 8. The neﬂﬁod-according to claim?7, wherein
the table is provided in a nmenory of the portable conputing device. 18 9.
The nmethod_ agcording to claim@8, wherein the portable conputing device
conpri ses & P’&#@%@Cﬁ%ﬁﬁ%&é?&%#pﬂ@ﬁw Henogiable computing deyigegommuisans| e

medi um i n%&@e%&mﬁ%gglggﬁﬂggﬁé@g instructions for a 5 processing uni t

of a portable conputing vice, and a table conprising stinulus and
response data for possible hardware conponents that may be interfaced with

the portabl e , conputin vice, the canputer processjng instructions when

execut ed b) -r‘h&"%ﬁ&%&%@\dﬁ@e “Ef‘ﬁl“’tm %@%Wﬂ@ufgwrpaﬁﬁ@gm%@mgfoaew ce to
per f o3 m t HRodebihS Wnll Bf 3 pBRAEbIEBSRAputifY G&ViAE bg, Bl (%fmﬁrﬂﬁlggﬁﬁﬁh@ fnghar dwar e

- conponents with one other conponent of the .10 conputing device and initial

power - up desponee gt feriplossiblsrhardwang catepowsats tha) mayphé interficed withiiw partdbie t he

interfacecé har dwar.e .conponent . and readi.ngﬁua. resls)_onse fr(gg&ﬂt he interfaced

har dwar e ¢SHBY fleyige, S UHerpRoGesung Mnstrugtonsayhien srgeuted by the processing

i denti fyi RgitichgsihdHRHoraBR o, BeHORARIEmIth O BiRwWeY §#i8)aldogn of the 15

response with the stﬁ%ulus/(egggﬁ%eedata. 11. A portabl&®e %%ﬁ%ﬁ?ing devi ce

conpr i si ndntexfaging pae ebihg ppesitlg handward cmpansptsnsith ohxt ethéraomposeithif thehar dwar e

conpgnent %Oérigg{ri]nsg Wc@&diﬂ}lﬁi §%&$ﬁ%¢]ﬁﬁ?%§§?@g@%ﬁﬁﬁ& (geevi ce; and 20 data

processi ng I'h conmuni catl on A% processing
means bei ng coift) gpplgihglaostinpis tortheé figerfited hetdward fnSineRs abPRAdiIngter f aci ng
one of the response from the interfaced hardware component in response to fhe applied

stimulus; and

(2) identifying the interfaced hardware component from a correlation of the

15 response with the stimulus/response data.

11. A portable computing device comprising:
a tablq comprising stimulus/response data for possible hardware components that
may be interfaced with the computing device; and
20 data processing means in communication with the table, the data processing
means being configured for performing the following steps upon interfacing one of the
possible hardware components with one other component of the computing device and
initial power-up of the portable computing device:
' (1) applying a stimulus to the interfaced hardware component, and reading a.
25 response from the interfaced hardware component in response to the applied
stimulus; and
(2) identifying the interfaced hardware component from a correlation of the

response with the stimulus/response data.



possi bl e hardware conponents with one other conmponent of the conputing
device and initial power-up of the portable conputing device: (1) applying
a stimulus to the interfaced hardware conponent, and reading a 25 response
fromthe interfaced hardware conponent in response to the applied

stimulus; and (2) identifying the int erfsced har dwar e conponent from a
correlation of the response with the st mul us/ response data. 19 12 The
portabl e conputing device according to claim11l, wherein: the table

i ncl udes rality of records, each said recqord being associated with a
respecti V?%hﬁegpﬂ?lﬁ%%gw W@&&%ﬂ@’%Bﬁ{?HHéﬂt%’gﬁfﬁﬂndefi ni ng pi n-out
data and the shi mbldincRBes 4 SEPARY 61 bl Qkn %&1& r&%g&ﬁéiﬁ%% Bﬁ{eﬁ‘%ﬁa
conmponent; 5 the data processing nmeans Is configured to Erformt he

appl yi ng st efesbsetive ong obthk posdiblg hartvapé cothporeotsintldefihimg pivabat dap@mahdet s,
(b) applying i hI%Psti | us igaf%r?:o dance. Wi t.h t he pin-out and stinulus data
associ ated w f 8NCEPRUPE & Mg ARaiee YEHE PP c) reading the
respgnse in acehe danpRocdisiny thishé Boriburdd Yo pfBih ik appRiASseE byt €d Wi th the
sel ected one hardware conponent; and the data processing neans”is
configured to perfof® selestingprerbihe passible paldyarcomponienty, t he read response

agai nst the response . ci.ated wth the selected ar dwar e. coppponent .
15 13. The portabl e?%)ga%ﬁ?ﬁét;h% g{/nlu? S I aceqrints ng"t F_B}nr‘r?';}?,n \ﬁ/”f’é’?’@*_s e
data processing neassdciatdomi ihglseReted Ond andNaR ddishotle a8d appl ying the
stimulus in accordance w th the pin-out and stinul'us data by applying the

stinulus via the on&)deaing thexpipeess inaserrdanse witinihe pii-oplgwérmeion and t he
dat ggprocessi ng nea I [ G, the reading,step by reading
t he response via thg&glﬁl%teg?ﬁiéﬂr&gggnggiﬁgﬁ?gﬁ@%%%rﬁmﬁ%% d hardware 20
conponent . 14 thEhiatqyeotabing noanp is configtedits perfsraptdicogelatiog kp By13, wherein

the data processi.ng . . .
comparing the read response against the response data associated with the selected

hardware component.

15 13. The portable computing device according to claim 12, wherein the data processing
means 1s configured to perform the step of applying the stimulus in accordance with the
pin-out and stimulus data by applying the stimulus via the one other component upon the
initial power-up, and the data processing means is configured to perform the reading step
by readjgg.the response via the one other component from the iﬁterfaced hardware :

20 component.

14. The portable computing device according to claim 13, wherein the data processing
means is configured to perform the comparing step by comparing the read response
against the associated response data.

25
15. The portable computing device according to claim 14, wherein the data processing
means is further configured to perform the steps of, after the identifying step, selecting a

device driver for the interfaced hardware component in accordance with the correlation,



means is configured to performthe conparing step by conparing the read
response against the associ ated response data. 25 15. The portable
conputing device according to claim 14, wherein the data processing neans
is further configured to performthe steps of, after the identifying step,
selecting a device driver for the interBaced har dwar e conponent in
accordance with the correlation, 20 and powering-up the interfaced

har dwar e conponent in accordance with the selected device driver. 16. The

portabl e conputing devjce accordi to claim15, wherein the data
processinganﬁ%0 Hﬂgmpgh%gﬁﬂﬁﬁﬁ?gﬂ%g@m%%ﬁ¥PqW%¥IP&QHFS@FFQFﬁbﬁmééﬂ@ﬁé
i nterfacedidhaed@w@ee conponent in a nenory of the portable conputing device

upon recei pt of an external command. 17. The portabl e conputing device
according to claim 16, wherein the portable conputing device conprises a

W reless f’i%n dIlil%lp% g%lfjntn'pﬂgng Sé/x}igeeacc%pding to claim 15, wherein the data processing
5 means is configured to save the identification of the interfaced hardware component in a

memory of the portable computing device upon receipt of an external command.

17. The portable computing device according to claim 16, wherein the portable:
computing device comptises a wireless handheld computing device.
10-



