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‘A RADI O MODULE FOR A COVPUTER SYSTEM The present invention rel at¥s/00/2005
conput er syst¥@828#80nore particularly to 5 a radi o nodul e peetrigtizeegd to
meet governnent regulations with protocol flexibility. BACKGROUND Mobil e
conput er systens, fromsnal| handheld el ectronic devices to
application-specific electr METEIQL ANBWARPARATUSF QR RROVIY HGboxes, to
- medi um si zed not ebook andAIRMRIEMERULEEORA EQMEUTERSY SitkMasi ngl y
pervasive in our 10 society. Unlike their symetric nultiprocessing
counterparts, such déegupsent invepben stiates tmeorapatehsgiteras dndlarké partisylatyetos
mobi | e conputer. systenms typically include a single, prinmary, host
processor cdupla@dicomnodyliequstitomed thereat goevhmest regQating with pivdceNMepaiggner s
continually strive to provide nore features to users wthout significantly
i ncreasi ng t he BASSKGBOUNB system Unfortunately, each 15 additional
feature typically corresponds to additional conponents added to the
conputer system r eblobilé Bgripatdrrgstems efomisatal HsSro | CRI PTI ON
OF THE DRAW NGS The present p:“nvegtion S illugﬁﬁglﬁé@ lloy \AEE%&%S%’% e and
not |initati onapplicalbnisPecine eRERamMEicHS, Bh&ﬂé,es%chrbs"!%it-gﬂb bdKE bH&iGRCes
indicate simlar elenents and in whi cﬁ: Figures 1 a-d are systens forned
i n accordance wizk ' t bV Lon.. Fi ais a
POk TROA ) s B oI Yep o bR e Bl

processor formed in accordance with an e I ren
Invention; 10  society. Unlike their symmetric multiprocessing counterparts, such as server,

} | workstatfon, and high-end desktop systems, mobile computer systems typically
include a single, primary, host processor coupled to various peﬁphera! devices.
Computer system designers continually strive to provide more features to users
.witho:ut significantly increasing the cost of the system. Unfortunately, each
15 additional feature typically corresponds to additional components added to the

computer system, resulting in increased size and expense.

BRIEF DESCRIPTION OF THE DRAWINGS

The pfe.sent invention is illustrated by way of example and not limitation in
20 the accompanying figures in which like references indicate similar elements and in
which:
Figures 1a-d are systems formed in accordance with embodiments of the
present invention; |
Figure 2a is a processor formed in accordance with an embodiment of the
25 presentinvention; | |
Figure 2b is a flow chart shdwing a method of the present invention; and
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Fi g'u’re 2b is a flow chart showing a nethod of the present invention; and I
.15/ 09/ 2005 WD 02/ 080003 PCT/ US02/ 06075 Figure 3 is a conputer sy[sgﬁﬁgf/czm@g
i n accordancwoWzdse@ alternate enbodi ment of the present i pyeRishisors
DETAI LED DESCRI PTION 5 I n accordance with one enbodi ment of the present
invention, a scalable interface (referred to herein as a "harnonized
interface”) from a Raptre Gdsrpubmputes ypsdtemibonedl iWidceb@iafcd @i an BRSkALE: i S
provi ded. The nodul e neets the legal requirenents for an intentional

radi ator but neynbudiméet e plekenttiovetiyn.gi ven wirel ess communi cati on
protocol. On the other side of the harnonized interface 10 resides a

generic protocol engine that can manipulate the wirel ess nodule to neet a
gi ven wirel ess comruni cation protocol. Sitting above the protocol engine

resi des the nopggialoPE @tsORIFYSNEM (OS) driver stack that then connects to
the different networking and peripheral drivers of the host conput er

' - be d dt
operate in o165 accor Gosom ey it ofP ehfbodne it RS VBNICE £ Rl o1 o
Systom that ¢ nok e (EERedGERNSS nh S etdrR bal S nhel et
d I t host system
'g?grlefenlsym?/ segﬂct:%)éﬁﬂfﬁ grﬁgﬁm bpts'g%‘(?:‘gd‘%gdﬁb%%gﬂggé@%gst%dte?r exanpl e
I b d t t n accordance W e
5 % o™ 5o o5 o0 ol G S v b syt om

vl Ob, Decenber, J[55 1999), HoneRF* Shared Wrel ess Access Protocol (SWAP)
pz descri bed Wifgless %OmmUSWQ?@UP’WQC@l €31 thectersside of ibe barm@ved) interface
S

C|f|cat|on" . ) ) . )
resides a generic protocol engine that can manipulate the wireless module to -

meet a given wireless communication protocol. Sitting above the protocol engine
resides the normal operating system (OS) driver stack that then connects to the
different networking and peripheral drivers of the host computer system.
With this type of partitioning, a radio module may be designed to operate in

15 | accordance with multiple wireless communication protocols. The harmonized
interface may connect this radio module to a host computer system that then
performs the high-level baseband _processing for the module. By dynamically

) changing the source code in the host system, different wireless communication

ﬁrotocois may be emulated.

20 _' For_ example a module may be created that that operates in accordance
with the BIu-e'tdoth* {as described in, e.g., “Specification of the Bluetooth System,”
v1.0b, December 1%, 1999), HomeRF* Shared Wireless Access Protocol (SWAP)
(as described in, e.g., “Shared Wireless Access Protocol (SWAP) Specification”
v.1.0, January 5, 1999), and IEEE 802.11 (as described in, e.g., "IEEE Std

25 802.11" 1999 Edition) protocols. The protocol may be chang.ed dynamically
o 2 :




v. 1.0, January 5, 1999), and | EEE 802.11 (as described in, e.g., "IEEE Std
25 802. 11" 1999 Edition) protocols. The protocol may be changed 1d5mggi/cga(jd)5
2 15/ 09/ 2005 WO 0845080003 PCT/ US02106075 dependi ng on the env];éfgg{mﬁ}%{

the user (e.g. on the road, in the office, or at hone). In a o]yl

these short-range wirel ess comunication protocols, long- range wireless

conmuni cat i on peepersivigsomtng emvsonrhentaftfieatisd (. gltﬁhthéﬁoﬁd Tr'i‘tﬁéjofﬁ@r!ﬁ%@t ion
(3G cellular conmunication protocol, given the appropriate nodule

attached to thehd:rae)mnlaziddlonItti&feﬁ;@@ﬁort—f&nﬁe@ﬁfé’l@srs@nﬁﬁ%uéﬁt@ﬂ%ﬁo@%ﬁls IBﬁg-

property of their respective owners.) By partitioning the seband

correctly, suchrangde®sicsstBmnalnk@tish E%éd’@ma{i‘ﬁ%‘o b%r faRa! s drfh L0g hpst

conput er systemto perform sone of the higher” |evel asebén processi ng.

Usi ng the har noBegadtiort3s)iaggar tﬁ:nﬁ&ﬁéﬁrc@ﬁdﬁ?ﬁ?é%i gtfer?h aéﬁJ?HB %n&o%% fem

may perform baseband processing functions Ivel t he

cost of thessysdte@hbytd @8 WakAsnik Hé?% ARDRr Lali -
processing hardware to support It emra e} ﬁ':)l'ru e. %g%deﬁlggﬁﬁ]a{%égeepmpeny
functions, the oflﬂﬁé?htre?ﬁé)&ﬁéﬁﬁfh i ncl ude enhancenents over conventional
processors that enable the host™ processor to process real -ti me events,

such 25, 10%e 35900kgt ol ol Kl B33p SETIM SALAaT Bl S o
e e BB R P TR s BEaCes o
opprec: ated ¢ narSaR profeSsi! Wing e Ratmonized ntertace, 8 nost processor of &
oy
10 computer system may perform baseband processing functions natively, thereby
reducing the cost of the system by reducing the need for separate, specialized
processing hardware to support the radio module. To perform these functions, the
host processor may include enhanceménts over conventional processors that
enable the host processor to process real-time events, such as those associated
15  with wireless communicagon protocols.

A more detailed description of embodiments of the present invention,

including various configurations and implementations, is provided below,

THE WIRELESS MODULE
20 | Although much of the following discussion focuses on Bluetooth
technology, including the Bluetooth baseband, it is to be appreciated that the
concepts discussed herein may be more broadly applied to nearly any wireless
communication protocol and its respective baseband.
Current partitioning of a wireless Bluetoqth module follows the silicon

25 fechnology_ used for the implementation. The radio frequency (RF) ari-alog portion
. 3 _




concept s' di scussed herein may be nore broadly applied to nearly any
MW reless communication protocol and its respective baseband. Cur5£08/2005

partitioni ngwofp2esoshsy el ess Bl uet ooth nodule follows the sili %‘@/U%@/os 75
technol ogy used for the inplenentation. The radi o frequency ? ) anal og
portion 3 i WD 02/080003 15/09/2005 PCT/US02/ 06075 of a Bl uetooth nodul e

is typically n@f"d—‘él@éfo'éﬁ?ﬁmé@b@tlgﬁicghy FARSRIPES BSing ABLCNMEH H18SedsNapie

device (e.g. the transceiver). e remaining mcro-controller section is

ypically manubaRbuipshdifbii (& CUEHBAOSRRD. THIHCRBIAFRILE dou SRR 2t ©

device, referred to herein as ort range wre aseband

control | er. T%g@éﬁ%ﬁ}tﬁﬂ&&lﬁ%%&ﬁ'&tb%oqﬁ&g? MO8 BrOek§ AHIRRLS in

Consequent | y, ce'w a numnber country-specific regu?at ory

requi r enent L IYROr f ] C of _the Bluetogth protocol.
Thggia requi fer%éfl%?% %mngéf%gﬁep;;&[’?lgeﬁg%Hﬁéyﬁg%dgog‘% H’HEIEFS Eaﬁ‘%@',dpi ncl udi ng,
for exanpl e ht hﬁ}r?':ﬂfederal 10 Communi cations Commi ssion (FCC) in the United

t

St ates and &9 §‘try of Posts and Tel ecommuni cations (MPT) in Japan.
Their requirenents Is to _behave within their

ictate how.a .C | i ant radi
respective count ryTgﬁﬁl&to‘ﬁnﬁyﬂﬁWﬁgrg‘g@%@m ?EPQ%QEloﬂléeﬁc’%%‘fﬂ%ﬂléd, it is
sent to a governnent agency-approved testing facility to be tested and
certified. AfCEBRPERiIcE Wilve nHEbRpEolcRtsperiimragiiatery reaiements mayhent hs or
nore) and the product is certified, the product. may then be sold in that
country's nar Kepgtantéordpesdcagps ptibaBveionthrasdiscol orhese reqibtertenis ares,” a

process call ed
J normally tracked by a government agency, including, for example, the Federal

10 Communications Commission (FCC) in the United States and the Ministry of
Posts and Telecommunications (MPT) in Japan. Their requirements dictate how a
compliant radie is to behave within their respective country. After a product to be
sold has been assembled, it is sent to a government agency-approved testing
facility to be tested and certified. After this testing is complete (which may take |

15 two months or more) and the product is certified, the product may then be sold in
that country's markets.

To speed up product introduction of such devices, a process called

) : Declaration of Compfiance (DoC) has been created. This process allows a

company to pre-certify a device based on the fact that it is assembled with pre-
20 tested (and pre-certified) components. Building a device using a pre-certified

component allows a company to self-certify their final product through the DoC
process. In the United States, to achieve pre-certification of a wireless module,
the module may be expected to meet the requirements of Limited Modular
Approval (LMA) as described in the FCC publication entitted “Part 15 Unlicensed

25 Modular Transmitter Approval” published June 26, 2000.
4




Decl'arati on of Conpliance (DoC) has been created. This process allows a
.conpany to pre-certify a device based on the fact that it is assIgbhed200h

pre 20 testedvdaado@se-certified) conponents. Building a devip%em%%bﬁl -2
pre-certified conponent allows a conpany to self-certify their ftirnal ™
product through the DoC process. In the United States, to achieve

pre-certification of WA-TH-EY ; W Y . d to neet
t he requi renments of I??:%w{ §§ f/g@n@r@%%ﬁﬁﬁgﬁ L %Sgﬁt 'g\%g](t:’rg'i}‘('gagﬁhﬁn the FCC
publication enty v Par N : A val "
publ i shed June%?ggﬁgg&%%a@% %@gg‘ggééﬁs b%é@%@?%ﬁ%&"‘gﬁaw n
accordance wt _ | t t , nt invention, .a. radio, dule is
provi ded t hat E%@P%e ﬁ%gﬁ%égpos%eﬁﬁ/k ?@Eﬁ%’&ﬁﬁﬂf gL RFR%‘ECf%WCQE&{a*'Bgﬁh%se
the DoC process to self-certify their end-user, products |ncorporating the
modul e. This rBYEYEs %&%W%%"PHH%&WB%%|d615%'8ﬁ'PEBWF the ECEGR0adi o S
certification Errg{:e§s nor mal | éﬂassoci ated with integrat i_nfg an intentional
RF radiatot i FTE"RUBP BERFESS NeliPRIyASSPEaedaMth aassing anypepienabFend up
t hrough the e%u_i val.ent of the Bluetooth Li nk Managenent Protocol, and
because of t heldFEdRAtRE PraHUS GUIFant §obareatirgrapts forddviA gxigad epitiveughtwe, a
radio nodule, to obtain LMA, may contain the entire Bl uetooth baseband. 10
For exanpl e, cemuvaist of e Blumieatiekink (anegementPwiece!, Bnd becayssi ofithey
processor 305, nmenory 315, and input-output (1-0) device 320 coupled to bus
control | ogi c Beeentwantifadigingypasesl gaptittdmingsgestcabed A pee b radiShmduler; fnge
w rel ess baseband controller 330 contains the |ogic associated with the
full baseband,obdaig LMA, eayBiamedio dihdrehiire Edaatdothueeebdrei. oper at e transcei ver
335. In other words,
10 For example, consider the computer system of Figure 1a comprising
processor 305, memory 315, and input-output (I-O) device 320 coupled to bus
control logic 310 (which is typically the system chipset). Short range wireless
baseband controller 330 contains the logic associated with the full baseband, e.g.
the Bluetooth baseband, used to operate transceiver 335. In other words,
15 baseband controller 330 contains all the logic used to support the full baseband of
a wireless communication protocol. in-addition, controiler 330 contains bus
interface logic used to communicate with bus control logic 310 of the chipset and
) : with transceiver 335.
Based on this partitioning, a module that meets the requirements for LMA
20  wouid contain both transceiver 335 and short range wireless baseband controfier
330 of Figure 1a. An-upgrade or other modification to the baseband, contained
within controiler 330, may therefore require re-certification of such a module. In
addition, such a module leaves little if any of the baseband processing to be ‘

implemented by the host computer system, thereby increasing system costs.

25  Alternatively, integration of controfler 330 into the host computer system would
)




15 baseband controller 330 contains all the logic used to support the full
-baseband of a wireless communication protocol. In addition, corntsphber2®38
~contai ns bus wo nt/esobace | ogi c used to conmunicate wWith bus cRhh&9kC
310 of the chipset and wth transceiver 335. Based on this partitioning, a
nodul e that neets the requirenents for LMA 20 would contain both

transcei ver 335aand whhoistleftavge rahs&livs 33526 Pbapsl seEt o HEnoCc 3akeat Figure
| a. An upgrade or other nodification to the baseband, contained wthin

control | er 330,beraysd ib@ioafdnst eRUIMAerdgBir&Rbstsf | cation of such a module. In
addition, such a nodule leaves little if any of the baseband processing to

be inplenented by ihecdR@incamACEMBYSLER ofttﬁfgfe%ég'eﬂfv‘érﬁ@ﬁi ﬁg)rﬁ%égpsm

costs. 25 Alternatively, integration of contro n t

conputer syste Wi%&%a@e%@%xﬂt%@g%ollﬁ/e ﬁ@.ﬁ%qg%[ s@gé#g&%é%ﬁrgg gE@aus e what

Is left over, transceiver 335, to not ] ec S
because it ul - | - ts. ccor danc ith a

embodi ment of ChecrSanal OpieiERel TR morR gBWER: PRE R ntuiy
controller 330 | G ' Lit .Ssu t.hat sonme of fhe 5 baseband may
be i nt egr at ed Fﬁtﬁﬁbﬁéeﬁ&ﬁ%ﬁ éﬁﬁg\;’fﬂ% nggh?trﬂ%”??dgtteg grhintetne hostsxstemThe
portion of the eband. t hat. .i,s, not int ated into the host system
corresponds t OC(FFﬁ*?ZSPEpﬂit%ﬁﬁ&d%%pagg%@ﬁ%&ptpcﬁh@g@@y TRtinthis PREOPOr t i on
avai l abl e, al on\%é.lwblt h_the trapsceiver, to satisfy LMA of the DoC process.
For exanple, cOMUPHEraloRa Wi Et‘réf’s@;'/‘éeﬂ'vé%sé?'sﬁtl-%@f the PoERTpESsSi ng 10

processor 305, nmemory 315, and 1-0 device 320. These elenents are coupl ed
toy, bus control | odi% €337 plezgansidefthe compiee swtamiohEloude b apmprisiagr at ed

hi-gh-| evelw processor 305, memory 315, and I-O device 320. These elements are coupled to
bus control logic 311. Bus control logic 311 includes an infegrated high-level
baseband controller 312 associated with the high-level portion of the Bluetooth {or
other wireless communication brotecol) baseband, previously contained within
controller 330 of Figure 1a. The remaining low-level portion of the baseband,

15 previously contained within controlier 330, is now contained within low-level
baseband controller 331. This controlier, along with transceiver 336, now
constitutes new radio module 340 in accordance with an embodiment of the

) : ' present invention, and this module is coupled to bus control logic 311, containing
high-level baseband controller 312, via a harmonized interface.
_20 Radio module 340 of Figure 1b may be pre-certified by the FCC (or
| analogous agencies of foreign countries) using the LMA and DoC processes, and
sold as an independent, add-on component to computer system manufacturers for
connecting to their systems. In accordance with one embodiment of the present

- invention, radio module 340 includes externally accessible I-O ports coupled to I-

25 O buffers within the module. These interconnects may be designed to be coupled
6




baseband ' control l er 312 associated with the high-level portion of the

Bl uetooth (or other wireless comunication protocol) baseband, 1pteghousdys
cont ai ned wi tWi0m2/689008t r ol | er 330 of Figure la. The remaini ng geMydeeNlss
portion of the baseband, 15 previously contained within controller 330, is
now contained within | owl|evel baseband controller 331. This controller,

al ong wi th tranesceewemMmE@s;onmnent0dfihé hosteonpaw st tyadyhe 340 in
accordance with an enbodi nent of the present invention, and this nodule is

coupl ed to bus menhomitati@gbemdeh the ARbaLNNAGhe hbﬁ%hﬁ;\ﬁ%rsf’ﬁé band
controller 312, via a harnonized interface. 20 Radi o nodul e 340 of Figure 1

b nay be pre-certifimd%ygﬁia;gra%m{oame aaimif@:@gwéqgg@ﬁ&ic%ﬁyé% ana&lhﬁgaeym

countries) using the LMA and DoC processes, and I'd as an 1 ndepe

Syt o, 1 e B o A, S0P e R T A ebint T o

systens. In accordance with one enbo e pres

o2 Su, ENClpdRn QXKAREANIAGARSIONE ado OpRALLT SRl e o] 2D ©

buffers within the nodu These I nterconnects o be
coupled 6 WO 02,08 ; P JS02/ 06075, tQ one of nore
conponent s of ﬁ%%%%gg '%gér%gt ei ‘r' '5%@? gfﬁ%%vegag 8 °§g'@(rjhﬂ§ﬁ$%’?£{'i“@whﬂét ween t he
nmodul e and the opput.er s em. By desi gni cradi o nodul e 340 of
Figure |b genef:?cg:)rgfnla?/?&rﬁ%‘é"%a%/ﬁﬁéa ")ésq.?ﬁﬁ'ﬁgefr 33%'TtPWIa@ddF@t%(ﬂ%t,m'dﬁﬁlCeach
may share sone fﬁggent of thg) bggegba,nd 5 portjon contained within radio
modul e 340. Pr o beBreehRid protoceLerlection ape Gvesadion gnavsbereantiolies at least ine

hi gh- 1 evel portirf of the baseband, which is coordinated by high |evel

bizeband cont r0F o0 MPEFRitMETe PrRgsMS $hat sy asimayonst évoBedireBasseband
b

tocol selection and operation nay be controlled, at |east in
10 interaction. These programs may reside, at least in part, on any machine-

accessible medium such as a magnetic disk {e.g. a hard drive or floppy disk), an
optical disk (e.g. a CD or DVD), a semiconductor device (e.g. Flash, EPROM, or
RAM), or carrier wave, all of which are collectively represented by |-O devices 320
of Figures 1a-c.

15 In accordance with one embodiment of the present invention, the single
radio module may run different protocols depending on the environment of the
user. For exampie, while traveling a user may use the module to execute

_ ) : Bluetooth protocols. In the office, the user may use the module to execute IEEE
802.11 protocols, and at home the user may use the module to execute
20 | SWA-P/Home-RF protocols. In accordance with another embodiment of the
present invention, the module supports other wireless communication protocols
that aiso operate in the 2.4GHz bénd. Alternatively, the module may be modified
to support wireless communication protocols that operate in other radio bands.
In accordance with 6ne embodiment of the present invention, execution of

25  the high-level baseband protocols (baseband processing) is done by (or aided by)
. 7 _




part,, by one or nore software prograns that nmay or may not involve direct
-user 10 interaction. These prograns may reside, at |east in partL5p09a(r2,005

machi ne- accessodalsepgsedi um such as a magnetic disk (e.g. a hapgd @AhiN&7
floppy disk), an optical disk (e.g. a CD or DVD), a sem conduct or VI ce

(e.g. Flash, EPROM or RAM, or carrier wave, all of which are
col l ectively r%@Eﬁr@ﬁb%r@]as%fQigﬁ%v1t9%|§219a¥9fe M EIes Sb??‘le re]aﬁtl{‘n'% Cadi o

accordance with one enbodi nent of the present Invention si ngle
st For exam o neT e e SR A P D R SR n i
EEE 802 11 procorar ol ‘?"ayt%epé@ifﬁﬂeg%é ool e FRiH e §rihcc L o
prosent PﬁUEmR?o% R e R
ay be modi T %5‘%“?'8“6’3&8??'80“'% [ BePant it = R PO WA operate
EEVZE??LnfaS'XZB%’f?R%ﬁaf G S e A R e

processing) is done by (or aided by) 7 WO 02/080003 15/09/ 2005
PCT/ US02/ 0607 §HE: 1 processor 305 of Figure 1 b, which may 'be nodified to
support real-tine event processi ng as described bel ow. Alternatively, all
or a portion of thelhd grupytersystepnstiiawe israsnrisen graceysdré0Semtomaned by
control |ogic enbedded within bus control logic 311. For an alternate

odi ment of ane-@roeymet320mpenied o, bls axeolibgiors10f In Additiorglenbedekd baseband

tocols is done by (or aided by) a

10 controller 325 is coupled to bus control logic 310. Embedded controiler 325 may
be, for example, a keyboard controller or long-range wireless controller,
Embedded controller 325 includes high-level baseband controller 326 interfacing
to radio module 340 via the harmonized interface. The embodiment of the present
invention depicted in Figure 1c may be found advantageous over the embodiment

15 of Figure 1b in that the embodiment of Figure 1c provides for operation of the
radio module even when the processor may be in a power-dowh {low power)
state. The embodiment of Figure 1b may be found advantageous in that

) ' " baseband processihg by the host processor reduces system cost because it

reduces the need for a separate controller.

20 . In addition to the features of the radio module described above, the module
may include features that enable the module to receive LMA from the FCC as an
intentional radiator, énd its equivalent from other governments. For example, in
accordance with one embodiment of the present invention, the radio module may

additionally include its own reference oscillator, antenna, RF shielding, buffered

25 data inputs, and power supply regulator.
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peri‘pheral controller of the host system as described below in conjunction
wWth Figure 1c. The conputer systemof Figure 1 c conprises pracgsgor 8Pes5
menory 315, V4Hd@2/€8080-devi ce 320 coupl ed via bus control | ogi @@Ei&o2h&h7s
addi tion, enbedded 10 controller 325 is coupled to bus control |ogic 310.
Enbedded controller 325 may be, for exanple, a keyboard controller or

| ong-range wi rel ess ie@atordancerwith drberdbedimenidfitiod pesed2Avdrmiohuges

hi gh-1 evel baseband controller 326 interfacing to radio nodule 340 via the

har moni zed i nt énfeacnnneTeeteadotienedic nefduld1grdhe 38t sysiehy SbBRedERigt ed in
Figure 1 ¢ may be found advantageous over the enbodiment 15 of Figure 1 b

in that the entiodudeatieriblefdadle, such & BFBNGHGMIE, MatIRES Hanii Hché{'@rmﬁ li o
nodul e even when the processor may be-in a power-dowi (| ow power state.

The enbodi nent Tok IEh@H e sdcHa B8Ye AR f&%&é&’@@pﬁﬂ%@isﬂaﬂc& %hthg‘;ﬁggﬁﬁnd

processi ng by the host processor reduces system cost because ces

the need fo6 ansepabRoeof@POBId é‘drrr}%ﬁgni %}étéﬁ,%fdu@ﬁ 6I§jée)hibg§ of gt Eﬁ%\fs?éerﬁggf o

radi o nodul e descri bed above, the may I n atures

e, ol £ o tSgHanMRald b AnSSEo el B LA ARk

equi val ent from ot her gover nnent exa

enbodi nent of \d | ' e Lo,.nodul e may additionally
include its Omﬁé‘gg%ﬁéﬁ@%y g%é?ﬁ%%%ouglgﬁﬁgﬁﬁéo ﬂ'lslll’dghi el ding, buffered 25

data inputs, and power..suppl ¥ r lLator. 8 WD 02/080003 15/09/2005 .
PCT/ US02/ 06075 1 n- o GratiE Fiu '8 § O BYEP R EoreRUtR Ry SIsR 48R comRUERgi on,

LQ; Inter Connﬁé:ste Q% \égl%]eé poehirr’&géjcj !?d Ebosd ulk%cggrgagpeewirt]f?grﬁe 2%1%to§irpnecn? rcv)'?t%r;ent >
e 10  present invention, the motherboard of the computer system, containing, for
example, the processor, chipset (bus control fogic), main memory, and high-level
baseband controller, is included in base 410 of cbrnputer system 400. Lid 405 of
the computer system includes a display screen. Altematively, a lid of an alternate
computer system, such as a tablet or handheld computer system, may be any
15 protective cover with or without a display screen or other input/oﬁtput functionality.
One advantage to placing radio module 340 in lid 405 of Figure 1d is that,
during normal operation, lid 405 typically exists as the highest point in the
) Computer system, thereby aiding in wireless communication. As shown, radio
module 340 may be affixed within lid 405 at location 415, at or near the top of iid
20 405, with”fiexible cable 420 extending down through lid 405 and through the
| hinged coupling between lid 405 and base 410. The end of cable 420, opposite
radio module 340, may then be coupled to companents within base 410, suc.h as
the high-levei baseband controller which may be integrated into a chipset or

micro-controller of the motherboard within base 410. ‘Note that radio module 340

25 and cable 420 are shown removed from lid 405 in Figure 1d for clarity. In
, - ‘g




incl'ude a flexible cable, such as a ribbon cable, that may span six inches
or nore. The length of such a cable nay be selected to span thel %50z ®E)5

fromthe |idWwoozosseasot ebook or other nobile conputer system péhpQu@by7she
hi nge of the host system to the notherboard for coupling to other
conmponents. The radio nodule, including its antenna, nmay be advantageously

affixed to the adcordaRos witkan@embolintBit dedslibed @BBvE Ghe PRAK N RN cablesSt em
400 conprising base 410 coupled to hinged |id 405. In accordance with one

enbodi ment  of taheintddtafidasiait tieEEsH dtaBrwiddnixad foaplqgr d. of the conputer
system containing, for exanple, the processor, chipset (bus control
l ogic), main nmenory, and high-level -baseband controller, is included in

base 410 of conputer system 400. Lid 405 of the conputer systemincludes a

di spl ay screengpdllemneEENYrPRODESSRlg @an alternate conputer system such
as a tablet or handhel d conputer system may be any 15 protective cover

Btvant age Lo pl aci nyo Lo had R0 e deba R Sies e dO Fuby gt
duri I ' lid. i cal l ' hi gh [ [
the " Conput or S0 anettespblis Rd<bfticle & Flabel ofemR i Ahienel shown.

radio nodul e 340 e fixed within ljd 405 at |ocation 415, at or near
the top of |id§%6°e%?@\?[-a*{\e ﬁf&ﬁﬁ'é'“&f‘abﬁ’r ptensigd do ineplfisHYICEGhACE/MIBEEN | d

405 and t hrough Q@T hi ny(rgeg cohjﬁrgl ing between |id 405 and base 410. The end
of cabl e 420, %'bci) Igigntly redplie fRlanteom e parsf the bastrystesu i, &I sxampleaponent s

wi thin base 410, such as the high-level baseband controller which may be
integrated i nt@igPlegnpliedhepstablishinent end maintenande offewirelehe coromudicaliarhi n
base 410. Note that radi o nodul e 340 25 and cabl e 420 are shown renoved
fromlid 465 ilinkmiguareextariabdeitear Foryond emiSodiBefLdt86 POSsehbir0eMtRO0fis
wireless communication link may be in accordance with a Bluetooth or other
wireless communication protocol. The external device may be an electronic
device having an independent processor that is not under direct control of the host
processor of the host system.

15 A primary host processor may be modified to process real-time events such
as those associated with establishing a wireless communication link with an
extemal device in accordance with a Bluetooth or other wireless communication

) . - protocol. One manner in which a conventional host processor may be modified to
process these real-time events is to incl_ude a timer and a high priority event
20 (interrupf) circuit iﬁ the host processor. This may enable a real-time kernel to run
undemeath an existing operating system that does not have real-time attributes.
An example of an operating system that does not have real-time attributes
includes the Windows* operating systems such as Windows NT, Windows 2000,

Windows 98, and Windows ME (Millennium Edition). (*Trademarks and Brands

25 are the property of {heir respective owners).
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PCUUS0210607-55 accordance wth the enbodi nent described above, the radio
+odul e and cable are integrated within the |id or otherw se af fiixegdo/@ghs
|id, REAL-TI WMEOBAEU3PROCESSI NG 5 Note that as used herein, tge/g®o%07s
"real-tinme" is not intended to inply that a host system responds

i nstant aneously to a signal generated by an external device. Rather, the
term"real -tine" is Thif &iaeldnay setipe fimentd geriesate thehighrprioiiyravertrad regular
sufficiently reliable |latency on the part of the host systemto, for
exanpl e, reli dbtepralsmalipen abtlevadion abicastime mveatraircoit inntyetrems e coritred tovh FEA1ES S
communi cation 10 link with an external device. For one enbodi nent of the
present i nvent itiong evant handler ¢esss softwanehintizhirey pémdeni@yedbdmicagke Catiglance
with a Bluetooth or other wreless comruni cation protocol. The external

devi ce may be dmrnéleeatayd usedde\precessamiifde sy bdseB8RE BRRIC! HaPRRS§AEt that is
not- under direct control of the host processor of the host system 15 A

primary host priatepsouirsmente Adidiaeg thie nﬁt@@@%yr&%bmﬁbi@thﬁpﬁgbﬁaﬁum as

t hose associated with establishing a wi rel ess conmruni cati on wth an

external devi cevért pht GAICHINER albldanard ﬁ @ﬁﬁ Erigﬁtx%tvgﬁ{ Weré:{)ﬁgt:@n may be

comuni cation protocol. One manner in onvent 1 onal processor

may be nodi fi edolifled B PEGRScBR Rsdie o bh ERtehYf '&E§icja%ﬁér9ﬁ{j) gﬂh%%%%gé%?r

and a high priority event 20 (interrupt) circurt rn't

This nmay enabl g,&, ' er _ derneath an exi sting,.operating
system that does n%sfghg@ggﬁeﬁgﬁ-%hﬁé#g}rgﬂt% #ﬁ‘gﬁb"ﬁée%to ﬁeeggﬁ?ﬁﬂ?@‘@?“%"ﬁﬁégféti ng
systemthat do | -ti attributes .jncludes.the Wndows*

opzr ating systgﬁ%—&%\éﬂﬂﬁay{/ﬁﬁgswa ,us\fﬂgrﬁﬁt\?g"sztﬁ%?redW' il Pogcesgpyer in
W-hdows I\/E}d M e)gni um,Edition). (*Trademarks and Brands 25 are the
property of” t Wil PXFEEhERY$%e owners). 10

One feature of this ﬁigh priority event is that it may provide more reliable
latencies over conventional interrupts, reducing the risk of a high priority event
latency being upset by other tasks being performed by the processor. Hence, in
accordance with one embodiment of the present invention, this high priority event

15 is one of the highest priority interrupts in the processor, although other interrupts,
such as may be used for memory error handling, may be of higher priority.

Hardware and software elements in accordance with an embodiment of the

) present invention are shown in Figures 2a and 2b, respectively. Host processor
100 includes an interval timer 105 that may be set by a software routine. The

20 timer triggers real-time event circuit 110 to implement the method of Figure 2b.
Alternatively, interval timer 105 may frigger real-time event circuit 110 to read a
register to determine if a real-time event has been received. For another
embodiment, host processor 100 includes an externally accessible event pin 115
that rﬁay be used by external devices within the host computer system to trigger

25  realtime event circuit 110 to implement the method of Figure 2b.
11




WO 02/ 080003 15/09/2005 PCT/US02/ 06075 This kernel may set the tiner to
.generate the high priority event at regular intervals. Upon actiyapbono@s
real-time eveMO 023008 t may transfer control to a real- tinme gyeohend er
(kernel software) which may performa real-tinme task. This handler may be
used to process a w rel ess baseband protocol that has strict 5 timng
requirenments. Addi tilBREFPHaNER W fhe ebodimpnielidigaes. hreressssesfisan  event
pin which may al so generate this high priority event. The event pin may be
coupl ed to the %@%&6@@@@@@5@ 50 whenexreal-time etentinterropi(RESbacorst dte
processor, such as a chipset. For an alternate enbodi nent of the present
i nvention, the $eRMSSplhisrREVMeyY batansed hyefogenamaleg dvars itimgr 405 aitirsy s t
stored within the processor or in 10 an external device. One feature of
thi s high pri ordet imeveierval or thesactivationeyf epechginie15ef iost etdcabie 100 af ERgires
over conventional interrupts, reducing the risk of a high priority event

| atency bei g Wesdn régsparisedo theaRKE riutiting gvent eirdtd 10y als HsPpRSEMor Tidence,
in accordance with one enbodi mrent of the present invention, this high

priority event tdhalt theopcess bbing RkeNAsd atitdP150 ¥nd B4R the Bldtektbrishfe at :
processor, although other interrupts, such as may be used for nmenory error

handl i ng, may kepofed)i DREprdebsyrisiate ma%@%%é@t@é‘?es%ﬂjetd‘@ﬁérﬁoﬁloﬁn%&t s in

accordance with an enbodi nent of the present Invention are s in Figures

2a and 2b, respectixpgtg?t-llg@sgf Fﬁﬁ@@%%%rﬂ‘éggﬁ??ﬁpﬁg?fﬁ@?Hg&gcﬁ{eg%' rEj mer 105

that may be set by a software routine. gers Teal-tine

Cnporval |t mer M10R o) B ERag e i oPE AR Phor ofiehufreny RS FIT el

interval tinmer 105 may tri real -

o MBS 5k RS U S s Vel el "
115 the host processor to read one or more registers that store information related to
the real-time event. For example, the host processor may read ong or more
registers that store information indicating the presence or absence of a wirelessly
transmitted idgntiﬁcation signal from an external device requesting wireless
15 communication.
If it is determined that an external device is present and requests
communication, the host processor may establish communication (or may
} establish a schedule for future communication) with the external device at this
time. Alternatively, the host processor may, during this time, perform baseband
20 processing functions in accordance with a wireless communication protocol as
described above.
After a RE! return instruction is réceived at step 170 of Figure 2b, the

processor state stored in the reserved memory space may be restored to the host

' processor, and the previous process (exited from step 150) may continue. Note

12




that" may' be used by external devices within the host conputer systemto
trigger 25 real-tinme event circuit 110 to inplenent the nethod af5Fpourmos
2b. 11 WO 02/W80808045/ 09/ 2005 Pcr/ Us02/ 06075 | n accor dance peifdtcb i 7s
enbodi ment of Figure 2b, the processor is executing a process at step 150
when a real-tinme event interrupt (REI) occurs at step 155. This RElI may be
caused by, for tbathplabovevestrited mardwib and Boftwarg rhd\sbe Btflerhbfed iefther Wah o
the activation of event pin 115 of host processor 100 of Figure 5 2a., In
response to therkihout 8l suppor. event circuit 110 causes host processor 100
to halt the process being executed at step 150 and save the processor state

at - step 160. The pnmaa&ﬁaﬁn@t\at@mwr@ﬁe%ﬁm@mﬁ&t%ffh%%@éé@a@irwéﬁ%}é ?Q@CG-
At step 165 of Figure 2b, host processor 100 calls and executes a IE

REL 30" hand or 1 nel oaEe R L e A R o R
processor,  SauBRudsSoNTIPYHBSRIAN o RIS Brodlei, FPKN Spekiny
Phe pr esence’ of ahsontay sreafian DRONE! Slebels RatbBeloreReRb Pty bmfgnal
det er m ned t har "D eR e REEE By e a5 ER b carar it Oe ROLSHRRSH BAL on,
chedur e Tor T TG/ 4 RBRAGH TS SOrNGF MAnTHS cBRoerTeat, e NEEUAY 140 ¢ 11 e,
20, pr ocessi ny PRGN BRQARROGEUBPERITES WRANG haGerdagss smANFORes on
pr-ot ocol a‘F 0 communication protocol, as described above, while the primary processor
' performs the regular work of the host processor for the remainder of the computer
system.
Figure 3 includes a host processor 200 formed in accordance with an
embodiment of the present invention in which NSP core 210 is integrated with the
15 primary host processor core 205. In accordance with one embodiment of the
present invention, the NSP core is integrated on the same semiconductor
substrate as the primary host processor core to form a single processor. To
) reduce cost, primary host processor core 205 and NSP core 210 share L2 cache
215, and both processor cores may communicate via bus unit 215 to a shared
20 memory subsystem 220 of the host.computer system. Both cores may
additionally share other system resources.
in accordance with one embodiment of the present inVention, the NSP core
and primary host processor core share an instruction set architecture (ISA). For

an alternate embodiment of the present invention, the NSP and primary host

25 processor cores do not share an ISA
' 13




descri bed above. After a REI return instruction is received at step 170 of
Figure 2b, the processor state stored in the reserved nenory s@BE£00w\2 @5
restored to We0288403 processor, and the previous process (exd@ssobhesst ep
150) may continue. Note 12 00 02/ 080003 15/09/2005 PCT/tJS02/06075 t hat

t he above-descri bed hardware and software may be inplenented either with

or without OS suppofhis inventior baslbesrededdribed withl reRr&ralego epBSHE BReHhpiafy t he
present invention, real- tine event processing may be inplenmented via a

secondary non- sytboaindnts fhepsaic #SANMAWNSE), ded\aiin e PeksMOndisy el HEMNt Host
processor. For this enbodinent, the NSP may execute an OS that supports

real -ti ne procéisdingosweanat\aribt®modiRationd 41 oh € Lgee,ﬁ By td rimry
host processor, which nay not support real- tine Snﬁt%?ona |aty.t ?‘%SQ

accor dance wi ¢ BribbiiePEDAAAGR BbpaithG IRPHERYod B RE AP S G HERRAARG.
processing functions in accordance With a wreles co nication
protocol, as dgReEphetafbAURd dWli € aPLd [OCR R iRl SB e
regul ar work of th% host processéb&f%]]ré'Fg(édr%ﬁ%i%d%efﬁgéﬂ{%eﬂ%g thttrgpve
system  Fi gur gudri] & ¥l rocessor 200 fornmed in accordance with
an enbodi nent o rt he p?%;%%tvggﬁbséér)iti on in which NSP core 210 is integrated
with the 15 primary host processor core 205. In accordance with one

enbodi ment of the present invention, the NSP core is integrated on the
sanme sem conductor substrate as the primary host processor core to forma
single processor. To reduce cost, primary host processor core 205 and NSP
core 210 share L2 cache

14




215, and both processor cores may communi cate via bus unit 215 to a shared
20 menory subsystem 220 of the host conputer system Both cores Is{09/2005
additionally share other systemresources. In accordance with one

enbodi ment of the present invention, the NSP core and prinmary host
processor core share an instruction set (g4igidi tecture (1SA). For an

al ternate enbodi nent of the present invention, the NSP and primry host 25
processor G”§§§4ﬂﬂw@ﬂ$ share an | SA 13 WD 02/ 080003 15/ 09/ 2005

PCT/ US0210607 I's invention has been described with reference to specific
exenplary enbodjnents thereof. Jt wll, however, be evident to persons
having the ben&ff£oEPOnRhiobEfouR B8 bost ERPYEF PSS HERAPIROIEN NS o
changes may be nade to these enbodinments w thout departing fromthe

br oader s¢PPRSBEId scope of the invention. 5 The specification and draw ngs
are, accordingly, to be regarded in an illustrative rather than a
restrictiveasdmelkess trankcdibér)MdP005 C ainms What is clained is: 1. A conponent
to be coupled to a host conputer system the conponent conprising: a

Wi rel ess trapweRiviitfaschand contholér hgg lopasabsvide %M ohB} 4 fértibaMivdot i C
associate with only a portion, but not all, of a baseband to operate the

- transcel Vgt daled6d 8 SRRAE ¥ ddls@iWr i A S iafi O WA & Gl P communication

protocol, the portion of the baseband being sufficient to enable the component to achieve
limited modular approval by the Federal Communications Commission.

2. The component of claim 1, further comprising buffered, externally accessible
input-output ports for interconnection to the host computer system.

3. The component of claim 2, further comprising a flexible cable coupled to the

electrical input-output ports. |

4. The component of claim 1, wherein a remainder of the baseband not integrated
into the component is to be integrated within the host computer system.

5. The conponent of claim 1, wherein the component is to be operated in
accbrdance with a plurality of wireless communication protocols that share at least a
segment of the portion of the baseband.

6. The component of claim 1, wherein the component is to be operated in
accordance with one of a plurality of wireless communication protocols selected by the -
host computer system.

7. The component of claim 6, wherein the plurality of wireless communication

protocols includes Biuetooth, SWAP, and IEEE 802.11.

15




protocol, the portion of the baseband being sufficient to enable the

conponent to achieve Ilimted nodul ar approval by the Federal 15/09/2005
Communi cat i ons Conmmi ssion. 2. The conponent of claim1, further conprising
buffered, externally accessible input-output ports for interconnection to

t he host computer, system 3.. The conponent of.clai.m,2 .funrt Ising a
l'exi bie cabl o 5o FERPamgnt §fsTai oo SPRRALRe pitish <5 dareetst pRfiasS SR
conponent of claim 11, wherein a renai nder of the baseband not integrated
into the SYARAERNSHEDPIOOCOh be integrated within the host conputer system 5.
The conponent of claim1l, wherein the conponent is to be operated in
accordance wi t B. Bhaxompminentyof claimi8; whersin the pomtion of thedimkpnanegeroe® t hat share
at least a segnent of the portion of the baseband. 6. The conponent of
claim1l, phesel s ihhecosdiine Wit BlgetbothRairalae camathnicatiomgeoifitati@e W t h one of
a plurality of wireless comunication protocols selected by the host

conputer syste Oﬁlrtfi | o ' : \ of

W rel ess com‘ru@gglte ic§ﬁl$0%§igtggco| sl’l nc %‘?e"? ﬁga%ﬁ&cg@%ﬁmt%gh@%

802.11. 15,15/09/ 2005 8. The ¢ onent of claim®6, wherein the portion of

t he basebgﬁﬁﬁﬁeﬁ@?%a%iaBOW%%ppﬁ!gﬁgg%ﬁﬁnt protocol. 9. The conponent of

claim8, wherejn the portion .of the |link nmanagenent protocol is in

accordance wt -é‘BP@@gﬁ?}PHﬂ%W&eI ess communi cati on specification. 10. The

conponent of claim1, further conprising a reference oscillator, antenna,

RF shi el di rigroviding samphilee pnipugnesser cargputet systemiwith A hight level basabpnd si ng:

provi ding a nobil e, uniprocessor conputer systemwth a high-|evel baseband
controller to determine one of a plurality of wireless communication protocols in

accordance with which to wirelessly communicate;
coupling a radio module to the computer system, the radio module including a low-
level baseband controller and a transceiver to enable wireless communication in
accordance with the plurality of wireless communication protocols, the module meeting
Limited Modular Approval by the Federal Communications Commission; and
enabling the compufer system to operate the radio module in accordance with the one
of the plurality of wireless communication protocols by installing an appropriate software

program on a machine-accessible medium coupled to the host computer system.
12. The method of claim 11, wherein providing the computer system with the

high-level baseband controlier includes incorporating a chipset into the computer system

that includes the high-level baseband controller.
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controller to determ ne one of a plurality of wireless comunication
protocols in accordance with which to wirelessly conmunicate; ddupdPd@E05
radio nodul e to the conputer system the radio nodule including a | ow

| evel baseband controller and a transceiver to enable wreless

conmmuni cation | WM . . | ] I cation
protocol s, the1$r|'o uﬁ%&ﬁrr%% |(%6lm tﬂn&%gpﬁéﬁ%%ﬁ%?ﬁg%ﬁ)ﬁﬁ e Federal
Comuni cati Qns 1 Ssj on; and enabl.ing the co ter, system.to erate the
Fadi o modMEBFYFl BEEhRuLsrarollpiAclife ipsiporeing HENBP R AOMEYIS G HT oo
communi cation protocols by installing an appropriate software programon a
nmachi ne- aé@@B‘@P‘tﬁYéteﬁéhﬂﬁJﬁ?@@%ﬁh%hlghde‘@hbasﬁg@d ppltfer system 12. The

met hod of claim 11, wherein providing the conputer systemw th the

hi gh- 1 evel basbhdibe nostinid off didim i1y ethastéscaupbing theradio mpdalectoithsenmputdro t he
conputer system that includes the high-Ievel baseband controller. 16

.15/ 09/ 2008ysietn mImes"raiuPﬁﬂg ﬁ{put:bac'gm PulerdTRESHalidhethiid id e eb@peerput er
e

systemw th the high-level baseband controller includes incorporating a
keyboar d I ' r t I . o i gh-1 evel
baseband %g%%l{r %Ill“ Fge?dbﬁ&b%ztnﬁaﬁ%gh%fr a@?‘%}(’% cfg%\%/}\déd}gdﬁﬂgglg p%ég; the radio
nodul e to the conputer systemincludes coupling input-output buffers of
the radi CCHFEYTE! he conputer systemvia a flexible cable that enabl es
the radio nodule to be located in a lid of the conputer system 15. A

met hod conpri sing:methedrempridngonput er systemto operate a radi o nodul e in
accordance with a first wreless comunication protocol during a first

peri od of tdnalingenpdéraystonitb epemtel arddiognoduld inasardancerwidnalfiest | ow- | evel
baseband controller, the | ow | evel baseband controller having |ogic

associ at agreMsk BoifHuicatiore frAsboP@irid O irsPptiriod s tidkd, theFhdiBaseRid McRARGESSi Ng

to

a transceiver and a low-level baseband controller, the low level baseband controller
- having logic associated with only a second portion, but not all, of baseband processing to
operate the transceiver in accordance with a wireless communication protocol, the second |
portion of the baseband processing being sufficient to enable the radio module to achieve
Limited Modular Approval by the Federal Communications Commission independent of
the computer system; and |
enabling the computer syster to operate the radio module in accordance with a second
wireless communication protocol during a second period of time.

16. The method of claim 15, wherein said enabling the computer system to
operate the radio module includes enabling signals to be transmitted between the
computer system and the radio module via a flexible cable coupled tc; a motherboard of

~ the computer system at a first end and coupled to the radio module affixed to a lid of the

' computer system at a second end.
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operate the transceiver in accordance with a w reless conmunication
protocol, the second portion of the baseband processing being 25/00/92005
to enable the radio nodule to achieve Linmted Mdul ar Approval by the
Federal Conmmuni cations Conmmi ssion i ndependent of the conputer system and

enabling the c ter {0 rat.e t.he radi le | rdance with
a second w reﬁzgthec%ﬁﬁéalbﬁ%%ﬁ%?e&ﬁa{m gﬁ@?ﬂéﬂg@g’ﬁ’gﬁﬁ Sg%@ﬁg‘g of tine.
16. The method of c¢laim 15, wherein said enabling the copputer sysfemto
operat e t RECTRlgdhGradismpdile Hracqaiancs yulh the dirstvirpless commpaicatomRIRidcPkd

bet ween the conputer systemand the radio nodule via a flexible cable
coupl ed t inciides eripbling afulstgportianof theobpsehand procssainmg asso@atéd with feeiirsind coupl ed
to the radio nodule affixed to a lid of the conputer systemat a second
end. 17 1%iGRéLEBmkMicatidieprontslad be perforaiebl/The vhiamRersysidincthnd RAMNgY t he
conputer systemto operate the radio nodule in accordance with the first

wirel ess ﬂﬁ@&&ﬂﬁh%&ﬁ&%ﬂﬁ@ﬁﬁ@%ﬂd_p&%@%ﬁgﬁ%ﬁ&ﬁ%wm fidst Sirefe@y tion of the

baseband processi ng assocl ated wt I rst W rel ess conmuni cati on

pr ot ocol he. .ner | stem,and enabling the second:
portion o# the %fsoe arﬁfég%lﬁégéggﬁfgﬂgﬁ@iggé?%ﬂ?@ﬁ the first wirel ess
.comruni cati on ocol, to .perforned by the radio nodule, 18. The net hod
of claim17, vﬁ%ﬁmmqﬁbﬁ@ 1% wastsdhe Sstiscioss pRmMBRIGRERIIrotogol ig

Bl uet oot h protocol, and the second portion of the baseband processing is in
accor danc?egluﬂﬁopﬂl prhtocel, and thetseeani plrtionrd dorimseband pravessinglis in Fdverdmediod of
claim 18, wherein the second wireless comuni cati on protocol is an |EEE
802. 11 orwiithP Bhicbath dink nhaghhent pRitdodd of clai m 17, wherein said enabling
the first portion of the baseband processing associated with the first

wirel ess commypi TR nethoR 0P ERAR 18, Whd?&in the second wireless communication protocol

is an IEEE 802.11 or SWAP protocol.

20. The method of claim 17, wherein said enabling the first portion of the
baseband processing associated with the first wireless communication protocol to be
performed by the computer system includes equipping the computer system with a
chipset having an integrated baseband controller.

21. The method of claim 15, wherein said enabling the computer system te
| operate the radio module in accordance with the second wireless communication protocol
includes equipping the computer system with a keyboard controller having an integrated
baseband controller to perform the first portion of the baseband processing associated
- with the second wireless communication protocol, and enabling the second portion of the
~ baseband processing associated with the second wireless communication protocol to be

performed by the radio module.
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performed by the conputer systemincludes equi pping the conputer system
with a chipset having an integrated baseband controller. 2 1. The/6et/2m05
of claim 15, wherein said enabling the conputer systemto operate the

radi o nodul e in accordance with the second w rel ess conmuni cation protocol

i ncl udes equi ppi,ng the conputer systemw th a keyboard .control l.er having an
|t egrated  badnA et ERBPPEroCSmGIEr SYT REOERSRS BIFPIGRETSIN e |
baseband processing associated w th the second w rel ess conmuni cati on
pr ot ocol , methpdeafglimid. t he second portion of the baseband processing
associated wth the second w rel ess conmuni cati on protocol to be perforned

by the radi o nBalUA machiBe-hbéc8dbROMSIRR inchudindmhehineadopssitde amtmctomsphater
system programed to i nplenment the nethod of claim15. 23. A

machi ne- agmes tdehRdydl dopufts syt LatRctht BompaeLSRich 8 peffoin Udhemsd t hat ,
when executed by a conmputer system cause the conputer systemto perform
the net hoge .0y _)rai m 15. 24. The nmedium of claim 23, further conprising

machi ne- accessi bl'e instructions that, when executed by the conputer

"system cause (0 ter St further. performthe pethod.of claim
O e MRt MG Ph e 5. fhharirPEsing RchiTg P IRTBEEN bl o
instructions _that, when executed by the conputer system cause the

conput er Bylswhen excontpdibiydhe coreputersistemecanse theosputer aystem & fuplher A nobi | e,
uni processor comnputer system conprising: a radi o nodul e including buffered

i nput - outpeabripdhe methad lofelaine V@l baseband controller, and a transceiver to
enabl e wi rel ess comuni cation in accordance with a plurality of wreless

.conmuni cat i on 237 ThefRlRm 1\ aiffOH f@HER 8oinPHsihi Hablife MREWiRE ineREaNRl DY
that, when executed by the computer system, cause the computer system to further
perform the method of claim 19,

26. A mobile, uniprocessor computer system comprising:

a radio module including buffered input-output ports, a low-level haseband controller,
and a fransceiver to enable wircless communication in accordance with a plurality of
wireless communiqation protocols, the module meeting Limited Modular Approval by
the Federal Communications Commissions;

a high-level baseband controller coupled to the input-output ports of the radio module
to operate the radio module in accordance with a selected one of the plurality of wireless
communication protocols.

27, The computer system of claim 26, further comprising a flexible cable coupled
to the high-level baseband controller at a ﬁrst-el;d and coupled to the ports of the radio

module at a second end.

19




t he Federal Communi cations Conmm ssions; a high-Ievel baseband controller
coupled to the input-output ports of the radio nodule to operatlsf08 /2005
nodul e in accordance with a selected one of the plurality of wreless
comuni cati on protocols. 27. The conputer system of claim26, further

conprising a f We] I 0 . L.ah=:: . roller
at a first endbgﬁ@eccgﬂﬁﬁ%ﬁxsge#ﬁta%ﬂ %Z’ ﬁdﬁ?&éﬁp g%}ﬁ%gh#%%gﬁgqgtg vgﬁ’és%acond
end. 19 15/09/2005, 28. e.c uter systemaqf claim 27, further .conprising
a hinged Hedadipmy ‘Eﬂ@ﬁéﬁggﬂlg{erﬁﬂﬁﬁleétqngmﬁww ,}“Pﬁ%g?tlwg?? i cabl e
extendi ng through a hinge between the radio nodule and the high |evel
baseband st mefivle and the highevel bagpbeed conollein of cl ai m 26, further
~conprising a chipset, the high-level baseband controller being

i'ncor por at ed i 29.@Hekemphicpsatem d0clailth26, fvilpu camprsisg e chiptetcthahighdevelf ur t her
conprising a keyboard controller, the high-Ievel baseband controller being

i nCOfpOfaBé‘s@bdnﬂ%@nﬁ&lfer'ﬁ@MQ%o?pcﬁﬂ@& fifth 'ﬂﬁ"chip%ét-. The conputer systemof claim
26, wherein the plurality of Wwreless comrunication protocols includes

Bl uetooth, S n . . Ler i1 26,
“wherein the %‘I@Sg?lhgggre%g% %focrll%kalo%q-[g'?r&e? nc 1312%?%& ase a"r??}t‘gg% I on
associ ate ' a.lin nage t .protocol . 33 tem co Ising: a .
pr ocessor‘,ge gﬁg&ﬁ%‘l@%@ﬁﬁ?@%@ﬂ%ﬁ?ﬂ Gpragrated ‘f‘tﬁéé?)ﬁ%’i’@g?c?f’? 4" a lowl eve
baseband controll er coupled to the wreless transceiver and having | ogic
associ at ed wi tH. &he goraputersysteporficlaim 26, wheresn thg pluralyy of wirgleeband to operate
the wireless transceiver in accordance with one of a plurality of wreless
conmmuni ¢ abirmmunication eedtscols includes Bluetooth, SWAP, and IEEE 802.11.

32. The computer system of claim 26, wherein the low-level baseband controller
includes a baseband portion associated with a link management protocol.
33. A system comprising;
a processor;
a wircless transceiver coupled to the prbcessor, and
a low-level baseband controller coupled to the wireless transceiver and having logic
associated with only a first portion, but not all, of a baseband to operate the wireless
transceiver in accordance with one of a plurality of wireless communication protocols,
the first portion of the baseband being sufficient to enable the component to achieve
Limited Modular Approval by the Federal Communication Conumission.
34. The system of claim 33, wherein the plurality of wireless communication
protocols includes Biuetooth, SWAP, and IEEE 802.11.
35. The system of claim 33, wherein the first portion of the baseband includes a

link management protocol.
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the first portion of the baseband being sufficient to enable the conponent
to achieve Limted Mdul ar Approval by the Federal Communicatid5/09/2005
Comm ssion. 34. The system of claim 33, wherein the plurality of wirel ess
comuni cation protocols includes Bluetooth, SWAP, and | EEE 802. 11. 35. The

system of cl ai ' fj . NOL L] : ' udes a
i nk managemen?k 'gﬁlgts%grﬁlﬂfg{?wgﬁ 0@%%@%%%6%2&%1{/@%6%?9@@F %3, wher ei n
a second rtio H@h‘é‘ge b?%aejband is to be integrated within the system
37. A net 'Eﬁratg‘g f upled a wirel ess transceiver with a | ow1 evel

baseband controller in a system the |owlevel baseband controller
associ at ed wi t B7-dhmptheds¢oamprisigi t i on, but not all, of a baseband. to
operate the wirel ess transceiver in.accordance with one of a plurality of
Wi rel ess conmmplédcawirelasspiransaeiver svitht hlewkleveltbapband comtrollet ina sysksahthed bei ng
sufficient to enable the conponent to achieve Limted Mdul ar Approval by

t he Feder Riw-lebeIrBakebaf@bdmidtleiisaniiaed With onfy 2 Alkeportibh st bt 41, af; 37, further
conprising: integrating a high-level baseband controller within the system

t he high- -1,NC ' ' th

bagebggd. ﬁ%é@*#ﬁgéﬁi}? Eglcf %ﬁ&%{sﬁ%@%&&%@%&ﬁ%n@a\?@ﬁﬁﬁ%grgl‘ti.lfagfgy IQilf’lC| uges

I ntegrati ng he _high- hevel ba eﬂgeggrécoogﬁro!&% r.into g chi t. within the
Com. Aelactom itk BiptooLe THech st o (F hes eRUsmB AL Lt

\?\%iscﬁ,m when executed in a processing system ca%sses t he processi ngcs;/g{im

to perforer‘llﬁlhlerﬁ‘&Won%rﬁ‘bwhﬁ‘fﬂ#ﬂ@@dgﬂﬁ’%@ﬂd’tm@@ibxﬂletﬁeéﬁ@&ei ver with a

| ow- | evel baseband controller in a system the
Communications Commission.

38. The method of clqim 37, further comprising:
integrating a high-level baseband controller within the system, the high-level baseband
controller including a second portion of the baseband.

39. The method of claim 38, wherein said integrating includes integrating the
high-level baseband controller into a chipset within the system.

40, A’ computer readable medium containing executable instructions which, when
executed in a processing systemn, causes the processing system to perform a method
comprising: |

coupling a wireless transceiver with a low-level baseband controller in a system, the
low-level baseband controller associated with only a first portion, but not all, of a
~ baseband to opérate the wireless transceiver in accordance with one of the plurality if
wireless communication protocols, the first portion of the baseband being sufficient to
enable the component to achieve Limited Modular Approval by the Federal

Communications Commission.
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| ow- | evel baseband controller associated with only a first portion, but not
all, of a baseband to operate the wireless transceiver in accorldahge/ \Bahs
one of the plurality if wreless conmunication protocols, the first
portion of the baseband being sufficient to enable the conponent to

21 15/ 09) 2008l e CoRE u@ﬁﬁ%@i@f weégggﬁﬂcém%eﬁﬁmﬁh%? el it th?h”m st on.
f(ﬁrerp[]: gS:;IhnIge i nt egratlgig_le%égllpgﬁ eve ﬁnﬁ@;‘ %ﬂbthcont@gr% Ei’cﬂwflt IB tgmystem

baseband. 42. The conputer readable nediumof claim4 1, wherein said
i nt egr at i eaptiofler inclodingiarseeanpdgroirtinn ofithe basgbandev el baseband controller into
an enbedded controller within the system r 2.2

42. The computer readable medium of claim 41, wherein said integrating includes

integrating the high-level baseband controller into an embedded controller within the

system.
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