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TRANSFER | NFORVATI ON BACKGROUND A mi croprocessor in a conputing =ygieny pen7
initiate awdzo®wmosreel the transfer of information wthinpthesswstrasr A 5

m croprocessor nmay operate at a relatively greater speed than other
conponents within the system Accordingly, the mcroprocessor may incur a
significant anmount of idle tine while waiting for ransferred
between two rel ati VEFIHEQD ARP %@%W%IT%Wﬁgﬁﬁ?m'fg?#ng the 10
transfer_of data. Thus, there is a continuing need for alternate ways to

t ransf er BRRKGRGWD on. BRI EF DESCRI PTI ON OF THE DRAW NGS 15 The subj ect
matter regarded as the invention is particularly pointed out and

di stinctly claimedroprebessoonthudi agmpetingnsystenenapesnittateonndThe
claimed subject matter, however, both as to organi zation and nethod of
oper at i oopntogét tlee wirahsbbpeof sinfemnatden whdh20 bHeaavages.t hdreof, may
best be understood by reference to the follow ng detail ed description when
r ead 5w t ihitheprocesspanyangodeaatagsti a waleahivelp giebteyn BpPoel di agram of
a conmputing systemin 25 accordance with an enbodi nent of the clained

subj ect nhbheothest @Ompofidnts200Thin the system. Accordingly, the

microprocessor may incur a significant amount of idle time
while waiting for data to be transferred between two
relatively slower peripheral devices after initiating the
10 transfer of data.
Thus, there is a continuing need for alternate ways to

transfer information.

BRIEF DESCRIPTION OF THE DRAWINGS

15 The subject matter regarded as the invention is
particularly pointed out and distinctly claimed in the
concluding portion of the specification. The claimed
subject matter, however, both as to organization and method
of operation, together with objects, features, and

20 advantages thereof, may best be understood by reference to
the following detailed description when read with the

accompanying drawings in which:

FIG. 1 is a block diagram of a computing system in

25 éccordance with an embodiment of the claimed subject matter;
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WD 2004/ 003760 PCT/ US2003/016451 FIG 2 is a block diagram of a direct

Menory access

t he cl ai naslosoljestso matter; and FIG 3 is a bl ock di agr arci/ubss/emssin
portable 5 comuni cation device in accordance with an enbodi nent of the
cl ai med subject matter. It will be appreciated that for sinplicity an

clarity

necessarily bEER-dPal® foPdegkedipgramxg

(DVA) request generator in accordance with an enmbgd yert/ 2007
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Tt will be appreciated that for simplicity and clarity
of 1llustration, elements illustrated in the figures have
not necessarily been drawn to scale. For example, the
dimensions of some of the elements are exaggerated relative
to other elements for clarity. Further, where considered
appropriate, reference numerals have been repeated among the

figures to indicate corresponding or analogous elements.

DETAILED DESCRIPTION

In the following detailed description, numerous
specific details are set forth in order to provide a
thorough understanding of the claimed subject matter.
However, it will be understood by those skilled in the a;t
that the claimed subject matter may be practiced without
these specific details. In other instances, well-known
methods, procedﬁres, components and circuits have not been
degscribed in detail so as not to obscure the claimed subject

matter.

led in
t hese
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Enbodi ments of the clainmed subject matter may include an apparatus for
perform ng the operations herein. This apparatus may be speciall29/01 /2007
const r uct aslofzar4/anbmse desi red purposes, or it nmay conpri SEBCHUSEBO®0HSIpUr pose
conputing 5 device selectively activated or reconfigured by a program

stored in the device. Such a program may be stored on a storage nedi um

such as, but is not limted to, any.type of ., disk_including. di sks,
opthcalldligsEmEEQPEﬁ§ts ﬁﬁgﬁ@?l gébpéa u%ﬂ?ﬁt mg#gg r omée é%?ggf disrf

read-only menori es . random access ctrically
progrannﬁﬁléPPéﬁatﬂﬁlﬁoﬁeHﬁFﬁ8§m%EﬁRﬁgﬁ)°P3F@ ?PPﬁaﬁF%elgrasa % and

programmabl e read only_ nenories etic or

opti cal eRPasatye HAY BEnEPSEYBé YoFoﬁﬁﬁchgﬁFt§8Fg%g§r&?Fg%%ﬁg el ectronic
instructions and 15 data. In the follown scription_and %]ns t he
terns "PYUPPERS:aRE EoRA¥CEEAPTigFoRgY h&H nglggppv%% “may be
used. It should be understood that these ter é |ntended s

synorly s deFi Cea R L6ChéV e lRaPRER VAL RID QT FEGC lﬂﬁrgﬁb di eSS *Connect ed"
may be used to indicate that two or nore elenents_are, in girect physi cal

or el ect eteapdcdnt kbe dﬁWﬂﬁeeacﬁUSPhérProéﬁﬁﬁﬂEﬁw'Fﬁysﬁggﬁ 5% ®%two or nore
el enments are in direct physical or electrlcal cqont act . upl ed"
may al sosEeEAIEhELILWE. 0 FURHr @Se| BiENE BStald MiEEd ﬁodlﬁﬁgi ggﬁt§§$ with

each other, but yet still co- operate or interact with each other
disk inc uding floppy disks, optical disks, CD-ROMs

magnetic-optical disks, electromechanical disks, read-only
10 memories (ROMg), random access memories (RAMs), electrically
programmable read-only memories (EPROMs), electrically
erasable and programmable read only memories (EEPROMs),
flash memory, magnetic or optical cards, or any other type
of media suitable for storing electronic instructions and
15 data.
In the following description and claims, the terms
"coupled" and "connected, " along with their derivatives, may
be used. It should be understood that these terms are not
intended as synonyms for each other. Rather, in particular
20 embodiments, "connected!' may be used to indicate that two or
more elements are in direct physical or electrical contact
with each other. "Coupled" may mean that two or more
elements are in direct physical or electrical contact.
However, "coupled" may also mean that two or more elements
26 are not in direct contact with each other, but yet still co-
operate or interact with each othet.
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WD 2004/ 003760 PCT/ US2003/01 45101 / 2007 Turning to FIG 1, an enbodi nent
of a conputing system 100 is illustrated. Conputing system 100 ng®g pe1usedo7
in a varivwoyowfeozmopl i cati ons such as, for exanple, a percpusdoos/aiecgsit al
assistant (PDA), a two-way pager, a cellular phone, 5 a portable conputer,

a desktop conputer, a workstation, a server, or video equipnent. Although

it should be pointed  out _that the scope.and, application, of t Lai med

subj ect mat t ePERITEN ERo P&y FPW?PE8H®8%9W5§§ ggaﬁpF@?PuF%nﬁhggsge odi nent ,

conputing system_ 100 ma nprise a, 10 cesigh 110 t hat g%y.ge connect ed
& trofle

to an ext-@%hif BdsusEs P%ﬁleFOT@@Figgbﬁﬁ%gﬁFb LolPEuESc R F 130, an

internal bus controller 140, a direct nen%r% accesg (DNAL contﬁoller 150,
and a DMKAFdGH¥s CLgeRBLACEELPES. & ASantPd FEF™P5E mly P5& 5Cfinect ed to
external hus controller 15 120, conmuni cation bus contrgller 1%Qh_internal
bus conCRoiftel £A61sEABtDNRDPquistVesaraPaeeTe02 Etdiar Bhshe:

controller 120 may be connected to_.a bus 170; comrunication. bus controller

130 nRy BePO3HAEdEeFME L Bus 21 865KEP COMBIMEEE  bs YOSHEF6HER 180 may be
connected to a bus 190. 20 DMA request generator 160 be connected to
buses 176STVERD, CEnY1E90. SOHHPIE Yy sf@%gﬁ¥@@blﬁaF£PﬁggﬁéF EﬁﬁﬁF@?@ an
internal nmenory 270 connected to bus 190. Although 3%? hown .i n t he

enbodi mefLti Eha&t theescorerpad epnldcatiomatfe t SugESFessor 110

may be directly connected to_25 buses 170, 180, and 190. In addition, in
al t er nat @atfer is in no way limited to these examples.

In this embodiment, computing system 100 may comprise a
10 processor 110 that may be connected to an external bus
controller 120, a communication bus controller 130, an
internal bus controller 140, a direct memory access (DMA)
controller 150, and a DMA request generator 160. DMA
controller 150 may be connected to external bus controller
15 120, communication bus controeller 130, internal bus
controller 140, and DMA request generator 160. External bus
controller 120 may be connected to a bus 170; communication
bus controller 130 may be connected to a bus 180; and
internal bus controller 140 may be comnected to a bus 190.
20 DMA reguest generator 160 may be connected to buses 170,
180, and 190. Computing system 100 may further comprise an
internal memory 270 connected to bus 190. Although not
shown in the embodiment illustrated in FIG. 1, in alternate
embodiments, processor 110 may be directly connected to

25 buses 170, 180, and 190. 1In addition, in alternate




29 / 01 / 2007 WD 2004/003760 PCT/US2003/ 016451 enbodi nents, DVA

controller 150 may be directly connected to buses 170, 180, and2EPpQ4l 2007
addi ti on, WwWORM4L03ITEGo syst em 100 may conpri se devices to PCI/Esianecsa

peri pheral devices (not shown) such as, for 5 exanple, a digital canmera, a
di spl ay, a keyboard, a nenory device, a printer, an audi o device, etc.

These peripheral devices may also be referred to_as. Lnput/ /O

devi ces & @ﬁ#@?ﬁé?fd@@ﬁc€§P¥FﬁhiﬁE éﬁﬂo@?ﬁéﬁ? ?FFSEF#Xt88“8%%BEPG§51,

conputingwfystenlloo may include the followi ng 10 devices to interface to
e

peri pher BMs@8vild8s: 18R eRPEr AdP - nenmory control l er 210, a display
controller 220, a canmera controller 230, an ﬁudio controgleke%égesa seri al
peripheral i AtepfddEipap| ForBYEing AYFEFTal 08 RENFERBEL SFelai Ver
transmtter (UART) 260. These interface devices be 15 integrated

n%%@P aﬁgcknﬁ di%@%ts, nay

("on-chi 0 intexipre Ser PerePReTddy fe¥dces, (PR §
be di screte conponents. The interface devices ngy %Iso be referred to as
per i pher &xangde cas digitedn SpMeaRor i COAPLEYr e SRYPORTEI Ay "EBREYol | er

220, canera controller 230, and audio cqntroller 240 may be, %p connect ed
to bus 1P@ViSPl 25PTARESYARR2EGEY I5d1E6anEEFed THEFULSFEE APt hough t he
scope of the clained subject matter is not limted in this, respect, buses
170, 180dexigeropennplee &st yefsames Eonpsi §PE&F/PH¢P€>PaR&|/é’,) a col | ection

of data lines to 25 transmt information from one part of, %p uting system
100 devices or external devices. In the embodiment illustrate

in FIG. 1, computing system 100 may include the following

10 devices to interface to peripheral devices: an external
memory controller 210, a display controller 220, a camera
controller 230, an audio controller 240, a serial peripheral
interface (SPI) 250, a universal asynchronous receiver
transmitter (UART) 260. These interface devices may be

15 integrated (“on-chip”) with the peripheral devices, or in
alternate embodiments, may be discrete components. The
interface devices may also be referred to as peripheral
devices. External memory controller 210, display controller
220, camera controller 230, and audio controller 240 may be

‘20 connected to bus 170. SPI 250 and UART 260 may be connected
to bus 180.

Although the scope of the c¢laimed subject matter is not
limited in this respect, buses 170, 180, and 1920 may be data
paths compriging, for example, a collection of data lines to

2b transmit information from one part of computing system 100
to another.  Processor 110 may comprise, for example, one pr

5



to anot her. Processor 110 may conprise, for exanple, one or 5 29/01 /2007
WD 2004/ 003760 PCT/ US2003/ 016451 nore m croprocessors, digital sizmal1 /2007
pr ocessor swWO 24c0dmont rol | ers, or the |ike. Processor 11BCTvEg200x@suile a

sof tware process such as, for exanple, a software programor an operating
system wherein the software process may use 5 digital information such as,
for exanple, data and/or instructions. Internal menory 270 may be referred
to as a JOFCaFECTARFPEESERT SnafiFe tadafielet o PELGPES R er mati on such as,
for exanple, instructions or data used by an oper ?Ltll-l ng g_ystemu%% gao a

sof t war e THCEGEEREERAL SFEy 198 SHRec diEE by PEPGESSSLr 1HPo™aY| F¥E5H

enbodi nents, internal nenory 270 may be a vglatile fmem):%y such sbrfor
exanpl e, SOTEFALECPFEFEER FoEs #8hedory SXEBRARY & SRTHRAM E5FFESm dccess
menory (DRAM), although the scope of the cl_ai ned sul%j ect matter i s not
linited iam PherRidnpesysten, ¥hguedinite eRfsHBrenPsCasTiterldl Yenory 270
may be nonvol atile menory such as, for_exanple, an_ electrjcally

pr ogr Brmebicd ted a dngerpataesy PUGEPREY) To&h ex@ederi faHsy aé"rdaé)fbl e and
programuabl e read only nenory (EEPROM), or a flash nmenory (NAND or NOR
type, incinglitwgtiongultiple bits per cell). It should be noted that herein,
the terns data and information nay be used in interchangeably. For

exanpl e, dat dnkeynalls memsiel 279 Hevh REareteFdest Hhas Gl 99 n

device and may be adapted to store information such as, for
example, instructions or data used by an operating system or

10 a software program that may be executed by processor 110.
In some embodiments, internal memory 270 may be a volatile
memory such as, for example, a static random access memory
(SRAM) or a dynamic random access memory (DRAM), although
the scope of the claimed subject matter is not limited in

16 this respect. In alternate embodiments, internal memory 270
may be nonvolatile memory such as, for example, an
electrically programmable read-only memory (EPROM), an
electrically erasable and programmable read only memory
(EEPROM) , or a flash memory (NAND or NOR type, including

20 multiple bits per cell).

Tt should be noted that herein, the terms data and
information may be used in interchangeably. For example,
data may also refer to both data and/or instructions. In
addition, the terms information and data may refer to a

256 gingle bit of information or more than one bit of

information.



addition, the ternms information and data may refer to a 25 single bit of
information or nore than one bit of information. 6 29 / 01 / 20@8 /%8 /2007
2004/ 0037600 RWH/00®2003/ 016451 | n sonme enbodi nents, bus ceci/osdob®eis4si20,

130, and 140 may be used with processor 110 or DVA controller 150 to

control the transfer of information within conputing system '100. Bus

controllers 120, 130, and 140 may | nclude buffers, qu s, .ar I sters
to store infofRafPBR SHEORETSECSo bBﬁnﬁPF§§°EﬁFEﬁiEgg’agggfeangoaggnerate

control, address, and, 6 data signals to control th% tﬁ nsfggoo% i nformation
in conpife¥ngesiseenivitt: PrecessMprdl BYs P¥ONCPBIFErs®126>" 50, and 140
may generate control signals, address signals, 10 and da%g si%nals t hat may
be associcaregowi theatyansiten &f 1ﬁﬁPF@a§F°PeHatéﬁEr§PW8H 8% RESTEM ous
devices in conputing system 100. As stated abave, noc&iépr 1%& n%y al so
be used WO0h BUS eoRtrelilers 120, 136, and 148 PEYcIREIGCS RELEFARSter of

15 information. For exanple, processor 110 may  provi de data, address, and
cont r®l EHEYPARt PEN TEILFHSTEORCY SIECELs 1TP@TMaTign T#Y Ad%Cnitiate a
transfer of information between the various peripheral and internal

devi ces 6PTPBABE Fﬂg‘cuéﬁﬂfemdf@@:EdZGODﬂQn@é"ﬁﬁeoFP@FrPgﬂ ﬁg\%rﬁésus &% t h

bus controllers 120, 130, and 140 to control the transfer of information
data signals to control the transfer of information in

computing system 100. For example, bus controllers 120,
130, and 140 may generate control signals, address signals,

10 and data signals that may be associated with a particular
write or read operation to the various devices in computing
system 100.

As stated above, processor 110 may also be used with
bus controllers 120, 130, and 140 to control the transfer of

15 information. For example, processor 110 may provide data,
address, and control information to bus controllers 120,
130, and 140 to initiate a transfer of information between
the various peripheral and internal devices of computing
_system 100.

20 © DMA controller 150 may be used with bus controllers
120, 130, and 140 to control the trangfer of information
between memory devices in computing system 100 or control

- the transfer of information between a memory device and a
peripheral device in computing system 100. DMA controller

26 150 may perform a transfer of information to or from a




bet ween nenory devices in conputing system 100 or control the transfer of
informati on between a nenory device and a peripheral device in cap@i Q@007
syst em 100WODMN/@ATe0r ol | er 25 150 nay perform a transfer pot/Safoaom@si on to
or froma 7 29/ 01/ 2007 WD 2004/003760 PCT/ US2003/ 016451 nmenory device
wi t hout using processor no. Transfers using DVA controller 150 may be

referred to as DVA transfers. DVA controller 1 may m ned
nunber ofSHNY GRIHRS FV1tAR i UR IS PRART TS aa‘yo'be T&%&%c%%q%‘% 5
specific device or devices in c ut i system_10 Q | er 150 may
i ncl ude @By SERRENRTY Iy g?rg)lﬁ\%?neg‘??éﬁécﬁ %%%&A%aﬁnq%aef&% to receive
DVA requests from nenory _ devi ces or peripheral. devices i tifg system
1100. In respdi¥e IR HESA ﬂgsqa“ﬁ}ﬁkfae‘ﬁ%u@stgfrﬂ?ﬂ\:eﬂ?ﬁrfeo{# Ir}le"ﬁﬁ{l%% drrgy 10
initiate a DVA transfer. If a peripheral device. or r vice is
adapt ed % ISl m‘@ﬁ?lf"e’c}hﬁatc}{)c&tﬁfé“%f e beol\%eﬁc%tees#ietlénp%t
termnals, then the peripheral devicg or nem02¥ devi ce qﬂ#hb ferred to
as a PVA IRSAE AR RHEE R @D P PHERT SR < Ume interface
of a DVA 15 device may provi de handshaki ng bet ween DVA cont rﬁl 150 and
the DVA RSATOYIET el gy | HIGHAR | DrPYShRF A CHEPHWEC dddiee. Non- DVA

devi ces may be devices that have no DMA  interface, e%g., t hese devices may

not have ZREES: tiGRIDWETNa ke tTeFRATeS (P TRAveq T Jorel Bt fent s, a
devices or peripheral devices in computing system 100. In

non- DVA

response to receiving a DMA request, DMA controller 150 may

10 initiate a DMA transfer. If a peripheral device or memory
device is adapted to transmit a DMA request to one of the
DMA request input terminals, then the peripheral device or
memory device may be referred to as a DMA device and may be
said to have a DMA interface. The DMA interface of a DMA

15 device may provide handshaking between DMA controller 150
and the DMA device to transfer information to and from the
DMA device.

Non-DMA devices may be devices that have no DMA

interface, e.g., these devices may not have access to a DMA

20  request input terminal. In some embodiments, a non-DMA
device may use processor 110, rather than DMA controller
150, to transfer information to and from the non-DMA device.
Internal memory 270, SPI 250, UART 260, and controllers 210,
220, 230, and 240 may be configured as either DMA devices or

25 non-DMA devices.



devi ce may use processor 110, rather than DVA controller 150, to transfer
information to and fromthe non-DMVA device. Internal nenory 270,296P01269007
DART 260, wWadoe®isinl | ers 210, 220, 230, and 240 may bePCDUSiogiomdstas

ei ther DVA devices or 25 non-DVA devices. 8 29 / 01 / 2007 WD 2004/003760
PCT/ US2003/ 016451 As an exanple, canera controller 230 nmay be connected to

a canera (not _shown). Canera controller 2 ma e a i r e, i.e.,
in this exanpPs 2CafSPEPdEnt CHMEER f@@tﬁﬁggeﬁegﬁgawg%o cgglrrrll Cfgggl\m
request to a DVA request input 5 term nal of con I | er 0_vigxbus 170
and ext efifal® FRESTEodtS FECY0. RTERPs Cé’?&%/&&,ert %g%cg}?é’r é%aﬁdbg%rera

controller 230 may he referred to a DVA devi ce havi ng allfzgk 2i3[§}t erface. DVA
control | SRtESFAGEY Be Suged™ SFOiSaEREPLE: GROEK 2ofF BhtE ¥ 8mThe "Cdnera to

i nternal nenory 270. In 10 this ex% e, prior_to a DVA re ue%tt, processor
110 may heugseptes boassHt folMBr TEstethe SPoR SWNGeHSES address, a

destination address, and the size of the data transfer. The squrce address
my be t heudeadi ofF SR wentidderol 5@aidd ﬁ?’uﬁh&r]@aﬁ@% e&%&ﬁrﬁg‘ &5 i nati on
address may 15 _be the |l ocation of where the data is to aced in internal
menory 2EPHHAGIAG™ A DVA Y &hde eX 8RS a W6 GBI Er aé%o IS %e
DA T equesmtFeyl 150 Griandirer Fd TGS L DA device” naving &' Bk T
interface. DMA controller 150 may be used to transfer a
block of data from the camera to internal memory 270. In
10 thies example, prior to a DMA request, processor 110 may
supply to DMA controller 150 the following: a source
address, a destination address, and the size of the data
transfer. The source address may be the location of the
block of data in the camera and the destination address may
15 be the location of where the data is to placed in internal
memory 270 during the DMA transfer. Camera controller 230
may be configured to trigger the DMA transfer by generating
a DMA request.
The DMA request may be transferred from camera
- 20  controller 230 to one of the DMA request input terminals via
 bus 170 and external bus controller 120. In response to the
..DMA request, DMA controller 150 may transmit a signal to
processor 110 indicating that DMA controller 150 is to take
control of buses 170 and 190. After processor 110 releases
2b control of buses 170 and 190, DMA controller 150 may

‘transmit a DMA acknowledge signal to camera controller 230.

9




20 controller 230 to one of the DVA request input termnals via bus 170

and external bus controller 120. In response to the DMA request 29M81 /2007
cont rol | erw@3004/08§766r ansnmit a signal to processor 110 iphdi/oaosgetsiat DVA
controller 150 is to take control of buses 170 and 190. After processor

110 rel eases 25 control of buses 170 and 190, DVA controller 150 may

t it _a DVA ack i gnal t X 30., .9 2 WD
20041 003748 PETT 0008 CTISRIE. 3087 cpariong end SOty B At veguBE 170

d 190 be dr] by _ DVA control | er 150, not 110, and DVA
cont rol | G 205 1gmtheth o Heko BARRPSRFFaria Oel Gl Do SHAFEACENe. D

transfer., During a DVA transfer, data nay he transferred 5 ditec from
t he caneﬂéotBﬁwﬁﬁgpﬁgptﬁbﬁﬁFyafﬂﬁogﬁlqtﬁ SIOPEAFate SRR ,b a may
go throu%h DN% controller 150. In this enhodi nent, .during the

transfer =% 5Fock DU g e MRy EFETSEet atifay Mavs P& Fed S 6 canera

to external bgs controller 120 via hus 170, the bl ock of data 10 may then
be trAnsPereEd T SrcBkidien 4amse EondPberaRlI 96MOEY &fer @A Bus control | er
140, and the block of data may then be transferred_frominternal bus
control | LEEXGLE FRPSCTHERtFensRF22TBVWER BHEoYeH DM codkFedii SFener at or
160 may be connected to buses 15 170, 180 _and 190 to nonitor acgtivity on
these bud€f- DVR thd§usSbogememtt o AWrEdnInEyren BV hkedsd® o thife PdPHor e of

the DMA request input termnals of DVA contraller 150.
of data may be initially transferred from the camera to

external bus controller 120 wia bus 170, the block of data
10 may then be transferred from external bus contxoller 120 to
internal bus controller 140, and the block of data may then
be transferred from internal bus controller 140 to internal
memory 270 via bus 190.
DMA request dgenerator 160 may be connected to buses
15 170, 180 and 190 to monitor activity on these buses. DMA
request generator 160 may be connected to one or more of the

:DMA request input terminals of DMA controller 150.

DMA request generator 160 may monitor activity of a

signal transferred on a busg during a transfer of information

20 to or from a device using the bus and DMA request generator
160 may generate a DMA request based on the bus activity.

. In some embodiments, DMA reguest generator 160 may monitor
activity on bus 17d during a transfer of information to or
from controller 210, controller 220, controlier 230, or

- 25  controller 240. 1In addition, DMA request generator 160 may

'monitor activity on bus 180 during a transfer of information

10



DVA request generator 160 may nmonitor activity of a signal transferred on

a bus during a transfer of information 20 to or froma device usp@Qg ghe2007
bus and DWOrzeem®3tsogener at or 160 may generate a DVA r eqBETWUSLmM3Qh4sN t he
bus activity. |In sonme enbodi nents, DMVA request generator 160 nmay nonitor
activity on bus 170 during a transfer of information to or fromcontroller

210, controll er 220, controller roll taddr tion, DMVA
request dehéta “16%?;73?5/5 rrd?ﬁt%RQJa fc"B?q:Ltb Wurur%g a transfer of
information 10 ------------ VO 200 /0 0P U%G”gB/OlGMSlO 1/ 2
007 tcged?el?‘artd?ﬁ SH0 Jey R GRE Jﬁ%t%lb SD%(} <19 generator 160
may nonitor activi on bus 190 durrn transfer I nf or on to or
fromint &WS%‘% a“t% € %Prﬁ}t n%,}% ed to
detect DVA 1 5 events and ener ate a ons t he
DVA event. | P¥b W%@%Wq’% ean%%%? E%d%’g ok gjeﬁug

connected to external dedi cated pins (not shown to det ect a%/A nt .
DVA ebentS TP BEbrEds TR BV VA ForLqHeph e, “SFRITGS i Ak of
the clained subject 10 matter_js not limted in this res ect %‘i

conpl et i GV ¢ hel ! tFARR f FROHALULIHE Rye KON t%%tﬁ%@#q Ve may be
defined as a DVA event. Alternativel a request Eo transfer I nformati on
from a ndif DMANRRSLERE %ye}b’ée@@\/@e%\f&ﬁed IR ARG BV k? at or 160 may

nonitor a bus coupled to ,
detect a DMA event. DMA events may be predefined events.

For example, although the scope of the claimed subject

10 matter is not limited in this respect, the completion of the
transfer of a block of information from a device may be
defined as a DMA event. Alternatively, a request to
transfer information from a non-DMA device way be a DMA
event.

15 DMA request generator 160 may monitor a bus coupled to
the device to determine if the DMA event occurred, e.g., 1if
the transfer of the block of information from the device is
complete. In responge to the detection of a DMA event, DMA
request generator 160 may generate a DMA request and may

20 transfer this reguest to one of the DMA request input
Eerminals of DMA controller 150. In other words, DMA
request generator 160 may be adapted to monitor a bus to
determine if a transfer of a block of information from a
device is complete and may be adapted to generate a DMA

'25_ request if the transfer of the block of information from the

'_device ig eomplete. In response to receiving the DMA

11



the device to determine if the DVA event occurred, e.g., if the transfer
of the block of information fromthe device is conplete. In resgngg1tp,r2007
t he det ectW@nrno@f00376DVA event, DMA request generator 160POEYSIesEraile a DVA
request and may 20 transfer this request to one of the DVA request input
termnals of DVA controller 150. In other words, DVA request generator 160

may be adapted . tq nonitor a bus.to determ | f t ransf er .of | ock of

i nf or mat i”i?lro‘ﬁ”reﬁﬁn 0“8%53%16@&7@‘%}6553‘@&7 ﬁ% ’bgﬁg‘dgﬁ'{}%&ql&%&eﬁg?)ate a DVA
25 request if the transfer of the block of infor %o% f.ro tehe evice is
conpl et e MY TESHORk & T PR ANy TIE (RRTPL %20 A P WO

2004/ 003760 PCT/ US2003/ 016451 request from e st _generator .160, DVA
control | &2¥15¢ & & Ok ti’ﬁ‘?”r?&%* \ﬂd{/é:%q: O%E%Ieé,n Lt & er 150
may initiate a transfer of the block of infornmati to not-her. . devi ce,
or i 1"l CHIGHEE SO oS A TDRR AR S0 T TR o WP YT TG hor
transfer of another, block of information fromthe_device. .To deternmne if
ha" TP andras T ATt & PGS Lo G1h A § B B ot o | DA
request generator, 160 na nonjtor one or many signals on a bus. For

exanpl e, Wrwtrléﬂhe@?@% OO0 may nonitor chip select (CS) signals

oD e, oV 281 e P2 ol o el ©

from a device is complete, DMA request generator 160 may
monitor one or many.signals on a bus. For example, DMA

10 request generator 160 may monitor chip select (CS) signals
of peripheral or memory devices, access signals (e.g., read
or write signals) transmitted over the bus, or address
signals on the bus.

In some embodiments, DMA controller 150 may be used to

15 transfer information from a non-DMA device. For example, if
camera controller 230 is a non-DMA device, then DMA request
generator 160 may monitor bus activity on bus 170 to
determine if information is to be transferred from camera
controller 230. A signal on bus 170 coupled to camera

20 controller 230 may indicate that information is ready to be
transferred from camera controller 230, then reguest
generator 160 may generate a DMA request to initiate a DMA
transfer from camera controller 230 using DMA controller
150.

25 In some ewmbodiments, DMA request generator 160 may
control the,timing of the transfer of a DMA request to DMA

12




In sonme enbodi nents, DVA controller 150 may be used to 15 transfer
information froma non-DVA device. For exanple, if canera contrad ¢01288007
I S a non- DVB 20@vi08®p t hen DVA request generator 160 nmayrPaDusons/olsus
activity on bus 170 to determine if information is to be transferred from
canera controller 230. A signal on bus 170 coupled to camera 20 controller
230 may indicate that information i.s ready to be transfecrore for aner a
cont r ol | §OEFPL et Hequdt FETRLR 0P 15 & Y Fe FEFTTE S reqdest to
initiate a DVA  transfer from camera controll er Zi% usi DVA control |l er

150. 25 IhransmstefhdiPrgadieaivikd S SOgdmdr&tor>Ps f?f%f %ontrol the

timng of the transfer of. a DVA request to,DMgF 12 2 /fOJtJ 20%7terV\D

2004/ 003 FEISEEISARTS ASLENS P ShirRde e TE®e &F“O&%nﬁ e, =0 Fediest
generator_ 160 may transmt a DVA request to DVA co%’{éller 150 after a

pr edet er AsiaFtdaichy i FratfetBr FHETHVIOE & e 996t ectl ng a
DVA event or after receiving a DVA trigger. In 5 alternate enbodi nents, DVA
requeBt gEHEE@ase BOPREyentHndE LRt SFIESEHT D ¥Rt rol ler 150

i mediately follow ng receiving DVA trigger. O, DVA request dgenerator

160 may tyEamiar & memnedt it R iTiier 159 St eCting a
predeterm ned nunber of DVA events. By 10 controlling the timng of sending
a DMA r edulstowigicDivg cedaritich MWy trsgagiva (QAquélt d’é%ea?torgqﬁfgarw contr ol

and
160 may transfer a DMA request to DMA controller 150 after

detecting a predetermined number of DMA events. By

10 controlling the timing of sending a DMA request to DMA
controller 150, DMA reguest generator 160 may control and
balance the flow of information in computing system 100.

Turning to FIG. 2, an embodiment of DMA request
generator 160 is illustrated in accordance with an

15 embodiment of the claimed subject matter. 1In this
embodiment, DMA request generator 160 may comprise a trigger
generator 370, a request generator 380 connected to triggexr
generator 370, and a control device 390 connected to trigger
generator 370 and request generator 380.

20 Trigger generator 370 may be connected to buses 170,
180, and 190 to monitor activity on these buses. Trigger
generator 370 may generate a DMA trigger in response to
activity on buses 170, 180, and 190. The DMA trigger may be
transferred to request generator 380.

25 Request generator 380 may be connected to one or more
than one of the DMA request input terminals of DMA

13



bal ance the flow of information in conputing system 100. Turning to FIG 2,
an enbodi nent of DVA request generator 160 is illustrated in acowy gdaqce2007
with an Moeodamdinent of the clai med subject matter. | npehus200zomsasii nent,
DVA request generator 160 may conprise a trigger generator 370, a request
generator 380 connected to trigger generator 370, and a control device 390

connected to tri.gge generator 370 _angd re uest generator 80. Tr| gger
gener at orc%#%bé%nn% e"‘d’“teb r 18 FEERPTFSD 19

activity on these buses. Trigger 1gener at or 370 ‘ eglengzr ate a DI\/A trr gger
in resporSEAIET adSINASE FRIRIALCN AP0 Y, Lowe N dher my be

transferred to request generator 380. 25 Request enetrator 3][80 may be
connect e RHBISHT (A5t &1 R Wik BIR (1R r’éﬁﬂ'@% T nal s of
DVA 13 29 / 01 / 20Q7 _ WD 2004/ 003760 PCT/ US2003/ Q16451 controller 150. In
some enboditeie § PPedFAnt o a VRIS © “Sﬁﬁ.ré%‘?l 1'g%'ne‘”reét?f"ber %380 may

| medjately transmt a DMA request to one of the re uest riput
t er ni Ral 9aNEratag i38% “@W%@W & DMy %ﬂ‘l%ﬁl?atté:’ Lg% quest 5
generator 380 may transmit a DVA request, to DVA controller 150 a

predet er e FRAFREGIINGHE [T r%fcétwquafatweqeﬁ\@ga a |t her
enbodi nents, request generator 380 may transmt a DMA request to DVA

control | & IEEPTaf t g0 @@@K/ﬁ@’o%ﬂ%mﬁe Tnash gRterety IWAMA%, request

gener at or 380
transmit a DMA request to DMA controller 150 after receiving

multiple DMA triggers. FPor example, reguest generator 380
10 may be configured to transmit a DMA request to DMA
controller 150 after receiving at least three DMA triggers.

Control device 390 may be adapted to control and
configure triggexr generator 370 and regquest generator 380.
In some embodiments, control device 390 may be connected to

16 processor 110 to receive configuration information from
procegsor 110. For example, processor 110 may define what
information trigger generator 370 monitors on buses 170,
180, and 190. In addition, procegsor 110 may define under
what conditions and when request generator 380 generates a

20 DMA reguest.

Referring to both FIGS. 1 and 2, as an example, two
blocks of information may be transferred from a camera (not
shown) which may be coupled to camera controller 230. The
two blocks of information may be transferred to internal

25 memory 270. ‘Two separate transfer operations may be used to
"trangfer the two blocks of information, wherein each

14



10 may be configured to transmt a DVA request to DMA controller 150 after
receiving at least three DVA triggers. Control device 390 may beqiayt £9007
t o cont r olwande4@osicd gure trigger generator 370 and requeBtT/gsIves/eicast 380.

In sone enbodi nents, control device 390 may be connected to
110 to receive configuration information from processor 110.
processor 110 may defjine what inforpatio rigge 9e erat or
on buses &¥#RsLe: O%n%.Hd§§0Fr?ﬂS%ﬁHF%?%n?nBi% s§%r &€

what conditions and when request generator_ 380 genera es
ReferringsFﬁg%%tﬂr?$CEFelc%ﬂﬁr?,tgsl%ﬁeﬁ&%%pm%W %o

15 processor
For exanpl e,
370 _nonitors

PHAY AR Hhe under

request .

20
rocﬁgro?x?ﬂ? T mat i on

may be transferred froma_canera (not_. shown),K which may be coupled to
¥T%El%%

canera cORYFHRY RN 2BRtIRL SEd@ehl BcRECGE PhfbR Vi)

transferred to

internal 25 nenpry 270. Two separate transfer operations_nay be used to
transfer tHitiablhBRKsrarsfarEratP oftmeRRr ePREEAEHE 4229 010W5HF WO

2004/ Q03760 PCT/ US2003/ 016451 transfer includes transnitting@gfblocé of

i nf or Pat | BRS | PeXk 1 3EREE  r BRT t RECEANRE al RECTHE bt FRI MAB BT yES

during an_initial stage, a block of information may initial

t r ansf er r BHOR CRBPER 2CRBREPHL £Er 238 0t0 ext aEnal  Hes gL EPhee

®bFeexanpl e,
be
£ 13 block of

information may be transferred fromcanmera controller 230 _to external bus
cont rol | é¥ia2pns 180 pusTa7bhe| fol hewind | aWreg: sEBgePleRE BFock of

information may be transferred from external bus controller

120 to internal bus controller 140. In a final stage, the

10  block of information may be transferred from internal bus

controller 140 to internal memory 270 via bus 190.
Camera controller 230 may be a relatively slow

compared to, for example, controllers 120, 130, and

device

140,

processor 110, DMA controller 150, DMA request generator

16 160, and internal memory 270. Accordingly, the transfer of -

information from camera controller 230 to extermal bus

controller 120 may be relatively slow compared to, for

example, the transfer of information between external bus

controller 120 and internal bus controller 140 or compared

20 to the transfer of information between internal bus

controller 140 and internal memory 270.

In gsome embodiments, while the initial block of

information is transferred from camera controller 230 to

" external busg controller 120, DMA regquest generator 160 may

25

monitor bus 170 to determine if the transfer of the initial

block of information from camera controller 230 is complete.

15



informati on may be transferred fromexternal bus controller 120 to

internal bus controller 140. In a final stage, the 10 bl ock of i@yt 2007
may be tr amefzerwooszébr om i nt ernal bus controller 140 to por/Esmadoreesmory 270
via bus 190. Canera controller 230 may be a relatively sl ow device

conpared to, for exanple, controllers 120, 130, and 140, processor 110,

DVA 81 30,1 DM I £ ; Lt ernal 270.
cort gL PR faes spar oS00 g0 bl el LY

Accordingly, the tran rom canmera contro P 230 to

external bl roganbr SvaCh 120 A1BY Lhe Jeelatiyely d%%ﬁ‘geﬁonﬁa%%%gﬁgpggf;r 120

exanpl e, the transfer of information between external bus

i or et | oot wacg FREGnel oas UER PRTFR i LRa PrieTRA TERo 270

i nformati on between i ntern con
In some e ' t Il Lnitial block of _inforpgation.i.s transferred
fron1cane?gagggggo?Fe?ggggm%ggogx %Fﬁg %bﬁ?mggﬁtPS F@Pgifﬁ,aéﬂﬁapgquest

' to determne if the t f f th
Pt ol Bk e PRPOPRarEBATE o Lo arc GREPBIFer 9307 Hs hampl ere. 15 -
2004/ oo3§ggHPCT/ US2003/ 016451

puri ng ¢ nFEEPERE: BF Bimladhied PAPotstE g TRERF et BoChERror R o
gener at or CTB0L T BEnEe0r FH ERECPPRAnErE COPtTHROFfni Fan BOEAEEN BaRers
Contr0||eﬁa3§ggaﬂﬁA controller 150 in an idle state waiting for this
transfer tq complete, DMA controller 150 may be used to
10 assist the transfer of information between, for example, SPI
250 and internal memory 270. DMA request generator 160 may
monitor bus 170 to deterﬁine if the transfer of the initial
block of information from camera controller 230 is complete.
If the transfer of the initial block of information from
15 camera controller 230 is complete, DMA request generator 160
mey transmit a DMA request to DMA controller 150 to initiate
a DMA transfer of the second block of information from
camera controller 230.
DMA request generator 160 may monitor one oxr many
20 signals on bus 170. For example, DMA request generator 160
may monitor a chip select (C8) signal traﬁsmitted to a CS
input terminal of camera controller 230. IFf the CS signal
transferred to camera controller 230 is asserted low during
a read operation, then.trigger generator 370 may be
25 configured to detect a rising edge of the CS signal to
'determine if the transfer of information from camera

16



5 external bus controller 120. For exanple, during the transfer of the
initial block of information between camera controller 230 and g gpqal 2007
bus cont r sW0e00408866 r at her t han havi ng DVA control | er 1B0r/useoanoisaiie st ate
waiting for this transfer to conplete, DVA controller 150 nay be used to
10 assist the transfer of information between, for exanple, SPI 250 and
I nt er nal nennrﬁ 270. _DVA requeat %ener tor ,160 naé nngitor7§us 170 to

é gt “PR

det er mi nERETOHESEr 238 dF GPMP ni t -l “THPEEK § Piati’dn from canera
controller 230 is conplete.. If the transfer gf e igi ti aIe bl ock of
i nf or mat e eCtEnPLE184R8r £I86nCEoFPEr CE361ERAConpFEre " BRESFequest
generator 160 may transmt a DMVA request tqQ DVA controller .,150.to initiate
a DVA tr SRSFERTEr BHE B8YoRETEIFEcR SfDN%fEFﬁﬁgﬁﬁnaPBO a@ﬁWﬂ%ﬁ ESntrol | er
230. DVA_request generator 160 rraéem)nitor gne Qr n%% 20 signal,s on bus
170. For D¥RarBHeIemMVECr EGGNSE g IREFEPEPT16860° - may BT EST W Hi'p *del ect (CS)
signal transmtted to a CS__input termnpnal of canera co trollent230. If the
CS s#@naﬁrlﬂﬁﬁﬁSB§Pﬁ§Htﬁﬁ'éaﬁeﬂﬁtéﬁﬁﬁrﬁﬁﬁ§rt§§0c§58&9§§3t§&' g a
read operation, then trigger generator 370 may be 25 Icjronf,i red .to detect a
rising ed@emor ERdaEIVElyndrves Vedtaos deVed tRed Fatdfterof iil'ﬂ'f—’g\%t i on
fromcanera 16 WO 2004/ 003760 PCT/ US2003/0129/01/2007 5Scontroller 230 is
conpl et evoiltage ggten§drdratderns riggereoeaesarrsi AdCcBGY SAEIES 3| gnal |
then trigger generator 370 may generate a DVA trigger and transmt the
DMA trigger to request generator 380.
In alternate embodiments, DMA reguest generator 160 may
10 monitor access signals (e.g., a read signal or a write
signal) transferred to input terminals of camera controller
230 via bus 170. For example, if a read signal transmitted
to camera controller 230 ig agserted low during a read
operation, then trigger generator 370 may be configured to
15 detect a rising edge of the read signal to determine if the
transfer of information from camera controller 230 is
complete. In other embodiments, DMA request generator 160
may monitor address or data signals transferred to input
terminals of camera controller 230 via bus 170. One or more
20 . of the address or data signals transmitted to camera
controller 230 may provide an indication of when the
transfer of information from camera controller 230 is
complete. For example, the level or value of one or more
signals may be compared to a predetermined level or value to
2h detexmine if the transfer of information from camera

controller 230 is complete. Trigger generator 370 may be

17




DVA trigger to request generator 380. In other words, if 5 trigger

generator 370 detects that the CS signal transitions froma rel ggye1y/ 2007
| ower vol twgeot4psieot o a rel atively higher voltage potencTakz008/msasit ri gger
generator 370 may transmit a DMA trigger to request generator 380. In

al ternate enbodi nents, DVA request -generator 160 may 10 nonitor access

signals (e. a read signal or_a wite signal ransferred_to i nput
t er m nal sg% i(,%%ercga‘%%rﬁ)%f?lérp tlﬁ%oc?ff'%alﬁ’u%&i% ‘%%?emja%%l of &f‘ea r ead
si gnal tr@lpsrri ted _tQ gamera, con roller 230 is as ted%%gw. during a read

oper at i on- CPREET gt T el o0 r T 59D TR COM TR 15°det ect a
rising edge of the r signal 1o determne if_ t transfer of information
from cane"?%m@o‘ﬁ?‘ol I'Tgfq_?%gzp Veio%l‘éal‘ ue I?ﬂ‘ﬁ]rﬁh&el%‘?r%’a? heEm request
enerator, 16 na ni tor, address or data signals.transferred_fo input

tg er ni nal sl%‘f&ca%%’a?rag%em rOPFRr CHHERT STRRFATE R WY midF eC2RE BFUE

addregss or data s%&gal sqpég{ansmtted to canera controller 230 may provide

an i ndi cat otHHE i t YrL94%%r of information from camera controller
JFor ex e, the level or value of one or npre signals

230 i | .
may LZ cg?rprrgr g]éleﬁrblré\g ﬁ%ﬁ%‘rrﬁneﬂ PFAPIS SRR AR BEOR BRYHFR Yt he

transfer of inforyation from ca a _cont\r%lgr 230 | s gorrpl ete. Trigger

)
gener at or - 3AF e Wity gn @Empodijpnt / PEFP1R2903/ 016451

configured to performth Cé)rrparison to determine jf the .
matter is described. Portable communication device 400 may

include a processor 410 that may be connected to a bus
10 controller 420, a bus controller 430, a DMA controller 450,
and a DMA request generator 460. DMA controller 450 may be
connected to bus controller 420, bus controller 430, and DMA
request generator 460. Bus controller 420 may be connected
to a bus 470 and bus controller 430 may be connected to a
15 bus 480. DMA request generator 460 may be connected to
buses 470 and 480. Portable communicatién device 400 may
further comprise a memory 570 connected to bus 480. A
wireless transceiver 500 may be connected to an antenna 510
and bus 470. In addition, portable communication device 400
20 may include interface devices 520 and 530, both may be
connected to bus 470.
Referring to FIGS. 1 and 3, the operation 6f interface
devices 520 and 530 may be similar to the operation of SPI
250, UART 260, controllex 210, controller 220, controller
25 230, or controller 240. The operation of bus controller 420
| may be similar to the operation of external bus controller
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transfer of information fromcanera controller 230 is conplete. if the
| evel or value equals the predetermned |evel or value, then triz@eQ1 /2007
gener at or BOQoowg3tse configured 5 to generate a DVA tri BOPUS2008/016151g t O
FIG 3, a portable comunication device 400 in accordance with an
enbodi mrent of the clainmed subject nmatter is described. Portable

(o a bus 100con vOMTRR dsbron BUS CoRFTorIer 140, o CRRCROREFITFvaso,

ONTTrort ev 450,

and a request erator 460.. DVA. control | er, 450 may, be cpnnected to
bus contr F?e?oﬁﬁﬁgfﬂ%E %gﬂtW6YIB? ﬁ%@%f%ﬁdt?mﬁber%ﬁ%ﬁ%?lagngfator 460. Bus
controller 420 y. be conpect ed a bys 470 and. bus controller 430 may be
connecteleBe5p€§:%5§ deptr e?eéggst g@%e?gf%?“ﬁ%ﬁ yPhRETEBRRect ed to
buses 470 and 480. Portagie connunicgtion devi ce_400 na% fur%@er conpri se
a menory &0 IR ecPRECPOIBEs%A80. a0 WP FRIUSTT JASRET 9EPT 560" Y be
connegted to an antenna 510 and bus 470. In addition p@&éable

comum caPf oFt BElAE L08R 0CRETA FheP B Rl | RFRFFRERT dbbP ced™820 and 530, both
may be connected to bus 470. Referring to FIGS. 1 ang 3, the operation of
interfacecoﬁ%ﬁ?%%%rS%ﬁoanﬂn@SEM%a§eﬁ%eg'n$?%?r?5°¥h%6 pefSEPBREOYSEPT 250,
UART 260, controller_ 210, controller 220, controller 25 230,_or controller
240. The oper XPHrABES HERTEYRLFBFLER AV CHasO By miFar WL EeLR8° oper ati on

of external bus controller 18 29 / 01 / 2007 , .
transceiver 500 with antenna 510 to transmit and receive

messages to and from a wireless communication network with a

10 radio fregquency (RF) signal.

Although the scope of the claimed subject matter is not
limited in this respect, portable communication device 400
may use one of the following communication air interface
protocols to transmit and receive messages: Code Division

156 Multiple Access (CDMA), cellular radiotelephone
communication systems, Global System for Mobile
Communications (GSM) cellular radiotelephone systems, North
American Digital Cellular (NADC) cellular radiotelephone
systems, Time Division Multiple Access (TDMA} systems,

20 - Extended-TDMA (E-TDMA) cellular radiotelephone systems,
third generation (3G) systems like Wide-band CDMA (WCDMA) ,
CDMA-2000, and the like.

While certain features of the invention have been
illustrated and described herein, many modifications,

25 substitutions, changes, andiequivalents will now océur to
those skilled in the art. It is, therefore, to be
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WO 2004/ 003760 PCT/ US2003/ 016451 120 or communi cation bus controller 130.
The operation of bus controller 430 may be simlar to the opera@@hQdf/ 2007
i nternal bve2@em376b | er 140. The operation of processor PEHYOS20DMA6451
controller 450, and DVA request generator 460 may 5 be simlar to the
operations of processor 110, DVMA controller 150, and DVA request generator

160, respectively.. Portahle conmmupication devi ce 400 use wrel ess
transcei 3@?&%%4 ﬁl%ﬁﬁetﬁ?‘%%qé(}qcrcélﬁ?slrﬁst “hid lr%ceé’l‘{%/ Y &S§Es to and
froma wrel ess co nication netwpork with a r.adi.Q .frequen RF

signal . ALhGHA G B chark iy dal T P ed i

this respect,, oréalﬂe comunj cation device 400 my use one of the

fol | owi nff&}?ﬁ#irﬁ OG5 f ace protocols to transnmit and receive
nmessages: Code Division 15 Miltiple Access (CDMA), cellular radiotel ephone
comuni cation systens, d obal Systemfor Mbile Conmunications (GSM

cel l ul ar radiotel ephone systens, North Anerican D gital Cellular (NADC
cel lul ar radiotel ephone systens, Tine Division Miltiple Access (TDWVR)
systens, 20 Extended- TDVA (E- TDMA) cel lul ar radiotel ephone systens, third
generation (3G systens |ike w de-band COVA (WCDVA), CDMA-2000, and the

like. While certain features of the invention have been illustrated and
descri bed herein, many nodifications, 25 substitutions, changes, and

equi valents will now occur to those skilled in the art. It is, therefore,
to be

20



19 29 / 01 / 2007 WD 2004/003760 PCT/ US2003/ 016451 understood that the

appended clainms are intended to cover all such nodifications anglgg@angesg7
as fall within the true spirit of the invention. 20 29/01/ 2007 Cfa?ns 1.

A met hod, conprising: nonitoring, with a first device, activity on a bus
during a transfer of information, via the bus, froma second device to a
third device; and generating, with the first device, a direct nenory
access (DMA) request based on the activity on the bus. 2. The nethod of

claim1l1, wherein gedietati ng conprises generating the DVA request if a
signal on the bus indicates that the transfer of information fromthe

second devi ce usingathechus, icorgairliaye. 3. The nethod of claim1l, wherein
generating conprises generating the DVA request if a signal on the bus
transitions frommdiitlostinkeVelthOa ar S@NOREieke! acdivite detdhemsof claiml,
wherei n_geperating conprises generating the DVA request if a signal on the
bus i sTBFIRI i deEiRined Lefermatiomhigethedoes  cfErna ssaeetei n

noni t or §88: c£WW'd $83 rAPRLLPELNG Ae bus to detect a DVA event.
generating, with the first device, a direct memory

access (DMA) request based on the activity on the bus.

2. The method of claim 1, wherein generating
comprises generating the DMA regquest if a signal on the bus
indicates that the transfer of information from the second

device using the bus is complete.

3. The method of claim 1, wherein generating
comprises generating the DMA request if a signal on the bus

transitions from a first level to a second level.

4. The method of c¢laim 1, wherein generating
comprises generating the DMA request if a Signal on the bus

is at a predetermined level.

5. The method of claim 1, wherein monitoring

comprises monitoring the bus to detect a DMA event.
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21 29/01/2007 6. The method of claim5, wherein generating further

conprises generating the DVA request in response to the DVA eVQ?é/Oiyﬁﬂﬂ@?
met hod of claimb5, further conprising generating the DVA request i1n
response to a predeterm ned nunber of DVA events. 8. The nethod of claim
5, further conprising generating the DVA request in response to the DVA
event, wherein the DVA request is generated a predeterm ned anount of
time after the DMA event. 9. The nethod of claimb5, wherein the DVA event

is an event indigatimg weahothert edasth &7, oherefiar gahépa: fipmdrt@erdevi ce
using the bus is conplete. 10. A nmethod, canprising: nonitoring a bus
coupl ed“PTPRADhH- IF&iPEe thE DHRt EPHSTHE P FREBPIBE b e Mdy to be
transfegtzgdcfromthe non-DMVA device; generating a DVA request if a signal
on the bus coupled to the non-DVA device indicates that information is
ready to be transferred fromthe non-DVA device; and using a direct nmenory
access (DVA) controller to transfer information fromthe non-DVA device

based on the nonitorhRYLERRRUSF 2K5id0/s01/800¢x comprising
generating the DMA reguest in response to a predetermined

number of DMA events.

8. The method of claim 5, further comprising
generating the DMA request in response to the DMA event,
wherein the DMA request is generated a predetermined amount

of time after the DMA event.

9. The method of claim 5, wherein the DMA event is an
event indicating that the transfer of information from the

device using the bus is complete.

10. A method, comprising:

monitoring a bus coupled to a non-DMA device to
determine if information is ready to be transferred from the

non-DMA device;

generating a DMA request if a signal on the bus
- coupled to the non-DMA device indicates that information is

ready to be transferred from the non-DMA device; and

using a direct memory access (DMA) controller to
transfer information from the non-DMA device based on the

monitoring the bus.
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11. An apparatus, conprising: a first device adapted to nonitor a bus to
determine if a transfer of information, via the bus, froma se e

to athird device is conplete and adapted to generate a direct Qﬂ@?@iﬂ@@ﬁ?
access (DVA) request if the transfer of the information fron1the second
device to the third device is conplete. 12. The apparatus of claim 11,
further conprising the bus coupled to the first device, the second device
and the third device, wherein the first device nonitors a signal on the

bus to determ nerif the dprRnshes, ofohpd iy on fromthe second device to
the third device is conplete. 13. The apparatus of claim1l1l, wherein the

second device isaarnadt RMYyidevihagptdd. cd R raRrear at Uas0to Cddidbrlihe further
conprising a DMA controller coupled to the first device, wherein the DVA

cont r ol Fér 2 EramRkre Pt ¢ nfegEREEoRhev VA hee BuSst TaAM ad%@rt@di deyiceansf er
i nfor mathop £hORY Qieélcbet he %%&8 \A%tgeé.’ﬂc?%hda'fﬁvﬁeﬂgoaéﬁe%? *Lﬁ AR Lequest.
ereln the er

15. The apparatus of claim 14, contro as at least two
DVA r equentry npeaedser (iMfal seoest etki thee tthrenBiarr equeke amitbmizdrienn t he

second Ce.ls DVA devi second device is not connected
to any gaﬂnt ﬁ%é Ei?%ornérhg@(aesﬂlciengut Eﬁer m né%h%egflcfehésDﬁfﬁ\ %%ﬁ SFoller. 23
29/ 01/ 2007 16. A system conprising: a processor;

12. The apparatus of claim 11, further comprising the
bus coupled to the first device, the second device and the third
device, wherein the first device monitors a signal on the bus to
determine if the transfer of information from the second device

to the third device 1s complete.

13. The apparatus of claim 11, wherein the second

device is a non-DMA device.

14. The apparatus of claim 11, further comprising a
DMA controller coupled to the first device, wherein the DMA
controller is adapted to receive the DMA request and adapted
to transfer information froﬁ or to the second device in

response to the DMA request.

15. The apparatus of claim 14, wherein the DMA
controller has at least two DMA regquest input terminals to
receive the DMA request and wherein the second device is a
non-DMA device and the second device is not connected to any

~of the DMA request input terminals of the DMA controller.
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a wreless transceiver coupled to the processor; a bus coupled to the

processor; a first device coupled to the bus; a second device c

the bus; and a third device adapted to nonitor the bus to deterﬁ?%%gqﬂéb07
transfer of information, via the bus, fromthe first device to the second
device is conplete and adapted to generate a direct nenory access (DMWA)
request if the transfer of the -information fromthe first device to the
second device is conplete. 17. The system of claim 16, further conprising

a DVA control | erigpouph efidtent, heohpi-ighilevi ce. 18. The systemof claim 17,
. wherein the DMA controller has a DVA request input termnal to receive the

DMA request and ahersddrddig first device is not connected to any of the
DVA request input termnals of the DVA controller. 24

a wireless transceiver coupled to the processor;
a bus coupled to the processor;

a first device coupled to the bus;

a second device coupled to the bus; and

a third device adapted to monitor the bus to determine
if a transfer of information, via the bus, from the first device
to the second device is complete and adapted to generate a
direct memory access (DMA) request if the transfer of the
information from the first device to the second device is

complete.

17. The system of claim 16, further comprising a DMA

controller coupled to the third device.

18. The system of claim 17, wherein the DMA
controller has a DMA request input terminal to receive the DMA
request and wherein the first device is not connected to any of

the DMA request input terminals of the DMA controller.
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