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BACKGROUND A m croprocessor in a conputing systemnmay initiate and control

the transfer of inf O?‘%‘?MSO% 1 %%r#%eﬂfé,%&@ﬂSﬁﬂﬁﬁ r may operate

at arelatively grea peé er ‘conponents wthin the system

Accor di ngléﬁ*@%ﬁﬂg croprocessor may incur a significant anmount of idle tine

whi | e wai t ta to be transferred between two relatively slower

peri pheral devices after initiating the 10 transfer of data., Thus, there is a
cont i nui ng need® MHICTAREIGRATONGYS 3 CCOTRRRERSr SYFH IR nBEY ohi BRREF BESCRI PTI ON
OF THE DRAW NGS 15 The subject matter regarded as the invention is

pagti cul ardgnipget-hitdwe durangkedi of | Hefoymat benewl tipie hehe cevigtadi ng®porti on of
the specification. The clainmed subject matter, however, both as to

or gani Pat iwrczaRE IRESERE Jlavpeperion, at ogerhbat ey obfester fpaedres, and 20
advant ages thereof, may best be understood by reference to the follow ng

det ai | ed desut iPpthan ovmeprneads withihethacspsipemyi ncdeoadingsdyi nthhi ch: FI G

| is a block diagramof a conputing systemin 25 accordance with an enbodi nent
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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 accordance with an embodiment of the claimed subject matter;



FIG 2 is a block diagramof a direct nenory access (DMA) request
generator in accordance with an enbodi nent of the clained subfect matter;
and FI G 3y diagramillustrating a portable 5 c a |on
device in ggi%@dgﬁﬁgkmnth an enbodi ment of the clained s g?ﬁ@ (ﬁ&

wi |l be appreciated that for sinplicity and clarity of |Ilustrat|on,
elenments illustrated in the figures have 10 not necessarily been drawn to
scal e. For exampte,2the adbIBaBi QNsgPamSOfeaoliirketeementys aarcesexagger at ed
relative to other elenments for clarity. Further, where considered

appropri atsmay ef eegieer ngeBeabsohays Heesrbapeat eadtamaﬁng it difiegitr @sf t 0

i ndi cate correspondi ng or anal ogous el enents. 15 DETAI LED DESCRI PTI ON I n
the fol | ovhag-UetRbbedudgseti RhtoBr; NHABrous specific details are set
forth in order to provide a thorough under st andi ng of the clai ned subject

matter. Howevefg, it wlh Bfoendaaageaﬁl by 1tkeserskid leghdritddie art 20 that
the cl ai ned subject mat t er be practiced without these specific

det ai Igs. &&nﬁﬁﬁ?&ak%ha%@%cemﬁh' akBEYAantER! K}!ﬁ%% P RERUH BRontC YW AIRAL S
and circuits have not been described in detail so as not to obscure the
claimed subiegty OB HaEt Y0, 2004/ 003760 PCT/ US2003/ 016451 Enbodi ment s of
the cl ai ned subj ect tter may include an apparatus for performning the

oper ati ons hereln Thi s

It will be appreciated that for simplicity and clarity
of illustration, elements illustrated in the figures have
10 not necessarily been drawn to scale. For example, the
dimensions of some of the elements are exaggerated relative
to other elements for claxrity. Further, where considered
appropriate, reference numerals have been repeated among the

figures to indicate corresponding or analogous elements.

15 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 art
20 that the claimed subject matter may be practiced without
these specific details. In other instances, well-known
methods, procedures, components and circuits have not been

described in detail so as not to obscure the claimed subject

matter.



apparatus may be specially constructed for the desired purposes, or it may
conprise a general purpose conputing 5 device selectively activated or
reconfi gur ogram stored in the device. Such a program my be
stored on §H)§¥g&ggé)nediun1 such as, but is not linited PG%MQHV$W§ﬂé'of

di sk including floppy disks, optical disks, CD-ROMs, nagnetic-optical

di sks, el ectronechani cal disks, read-only 10 nenories (ROWMs), random access

menori es ( RAMBmbLed Bfdht §abE Y hOr 4 anBabieny ead- aat el dacibBBOVS) ,
el ectrically erasable and programable read only nenories ( EEPROVs),

flash menpy yapmanald Cror ﬁ@fi@ﬁﬂniﬁ?rgﬁe_ Sbe @8l iBhBehck¥pa .Of THEGE a _
suitable for 'storing electronic instructions and 15 data. In the follow ng

descri ptign.and ¢k ahdP. pt hepl et 481y " €oHBL edccaRd FogORARCHRG  red ONg Wi th
their der?@%tives, ﬁgi %e Bsed. i¥ shoul d ge understood that these terns

are not iptended aérS%{aomxgsgéaggggeha%aﬁéraﬁ%h%os%“ RAIGHAr 20

enbodi nents,” "connhecte ma to fndicate'that two of nore el enents

are i diseet - physical 9: 6l gel ieabacont A6konth Hix2RCh, OLhes g Gl ed

may nean that two or nore enents are in direct physical or €lectrical

contact . oEOMENCLy LROURLE]eAY caLA0ATBABGLIR nhYD L) SRS FIGIEN S 25 are

not in direct contac each other, t COo- operate or

interact wiih, €acheQING - eAcnVQs20B: 00878 PETIMSRAOVLIGR) type of

disk including floppy disks, optical disks, CD-ROMs,
magnetic-optical disks, electromechanical disks, read-only
10  memories (ROMs), 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 suiltable for storing electronic instructions and
15 data.
In the following description and c¢laimg, 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
25 are not in direct contact with each other, but yet still co-
operate or interact with each other.
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Turning to FIG 1, an enbodi nent of a conmputing system 100 is illustrated.
Conmputi'ng system 100 may be used in a variety of applications'such as, for

exanpl e, awpehHsNNBhe di gital assistant (PDA), a two-way p a_cellular
phone, 5 a portable conputer, a desktop conputer, a morks?gﬁﬁgﬂpyguu%brver,

or video equi pnent. Although it should be pointed out that the scope and
application of the clained subject matter is in no way limted to these

exanpl es. | n thisnienpods neDE, TPngnt &Abodysbam d80 amayngitErics &yt ehd
processor 110 that may be connected to an external bus controller 120, a

comuni catd®ni busl bose rot d@r 188mpaPingnkeshal bos a@nt bRl hefedldd, = direct
menory access (DMA) controller 150, and a DVA request generator 160. DVA

control | erad&fc yreyf bepsDnage! 88st auekt 8ENakohuexeaplkl! lehekohel,
conmmuni cati on bus controller 130, internal bus controller 140, and DVA

request genelwedDrad®lstdct e(pph) bug tGeDOLEY behed20 sMa1n1RANRRERd tO a
bus 170; comruni cation bus controller 130 nay be connected to a bus 180;

and i Bt erdabobUsHTONEEAbhEEr 140 HBYKPEpCOBRABELEY t @ F R4t on 2Q, DVA
request generator 160 may be connected to buses 170, 180, ang 190.

Comput | nGs sy5d-2m 40y @Yo f Uik DgheGOTPY hendNon Bkelhal: B Y, ALA Lonnect ed

to bus 190. Although not shown in the e ment illustrate

o er it oy nbah AL s pkecesaor 0. TR che i Cocl Ly gpesiad d 25 buses

170, 180, and 190. In addition, ternate
PCT/ US20084 046451 in no way limited to these examples.

In this embodiment, computing system 100 may comprise a
10 processor 110 that may be connected toc 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 controller 130, intermnal 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 connected to a bus 190.
20 DMA request 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



enbodi nents, DVA controller 150 may be directly connected to buses 170,
180, and 190. In addition, conputing system 100 nay conpri se devices to
interface to peri heral devi ces (not shown) such as, for 5 exanple, a
digital cafg} 04’3 "Hf%pl ay, a keyboard, a nenory devi ce, aPPFUSIWBOIGIA audi o
device, etc. These peripheral devices may also be referred to as

| nput / Qut put (I/O) devi ces or external devices. In the enbodi nent

Lustral ghpollnEnGy 1p Mﬁoggﬂ%w&;%%sa%@ 139 BRY dinelhds ihgnieldmiveg 10

devi ces tO TRCErtace’ to perl eral devic an external © nenory controller
210, a di 8 é 928 Fé % canera control | er 230, an audio
controlle eral interface (SPI) 250, a universal
asynchronous recei transm tt DART 26 T face daviges may
be 15 i ntegr atg \“Iigﬁ EdRip" )Cowpt églC grogl pﬂ%zlage q:rlosfecl n alternate

enmbodi nent s, e di crete C The i nterfac ces | so be
referred £G &% éégf"ﬁﬁe 2 pe&é\y’%@ v&cﬁg’l (ﬁéj%rs);logvél t rsg’}"llhea n’gﬁy %l spI ay
controller 220 carrera Qon rol |l er 230 d audl 0 9%3’?? roller 240@ 01y

connec? ed S¥8B4E 10 d1gpL= (‘faﬁ}‘?d?aUAﬁT e ed 2 {70 b sY180

Al t hough the scope of .the clained subject mat ot limted.in this
respect, BE¥éS§e176, PYaBtednd 2GUHY B Vd&S e%:ﬁ q@tﬁ?ﬁ eh ri

exanple, a collection of data |ines to 25 transmt |nforna from one
part of cOPYHCERgTEYsPeROLAT T SR % JIBRUHOY! {/ipcﬁ}rrprise, f or

exanpl e, one or 5
P devices or external devices. In the embeodiment illustrated

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. Extexrnal memory controller 21¢, display controller
220, camera controller 230, and audio controller 240 may be

20 connected to bus 170. 8PI 250 and UART 260 may be connected
to bus 180.

Although the scope of the claimed subject matter is not
limited in this respect, buses 17C, 180, and 190 may be data
paths comprising, for examplie, a collection of data lines to

25 transmit information from one part of computing system 100
to another. Processor 110 may comprise, for example, one or

5



WD 20041003760 PCT/ US2003/016451 nore m croprocessors, digital signal
processors, mcrocontrollers, or the like. Processor 110 nay &xecute a

sof tware pHeERssosHGn as, for exanple, a software progra an _operating
system wherein the software process may use 5 digital igkng§?W8ﬂR§ﬁhh as,

for exanple, data and/or instructions. Internal nmenory 270 may be referred
to as a storage device and nmay be adapted to store information such as,

for examu®: hnstdpiedd &NSoLE, dal gitsedshynan ppecakisbgssystemor 10 a
software programthat may be executed by processor 110. In sone

enbodi mMen ford dth@ A5l 1 FBEDT Yr 2/ e MRYBE apyghakkbe 1MBMREY tHeman & or
exanpl e, a static random access nenory (SRAM or a dynam c random access

menory (DEMwafd 1HaUsss L BE-BCQRE @byl Qﬁaﬁ%@lageg SURkGal- MBI Rfrand J10t

limited in 15 this respect. In alfernate embodinents, internal menory 270

may be nogyobatile: é‘tér‘d?hwﬁéreﬁ?rtﬁéagBF'Ewa@.@ pELeeldd qal) Yase
mory (EP , an e

programmabl e read-onfy ectrically erasabl e and
TI1

rogr ; . E (0] sh I D or NOR
e e R R ORY s S pr b RS AR S Mot her ei n,

the terms;data,apd,information may be used in interchangeably. For
exanpl e, ata nmay also refer to both data and/or instructions. In

addi tion, the $ermp,ipforuBtion,andagata MBLLELY 102 & storage

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

15  this respect. 1In alternate embodiments, internal memory 270
may be nonvolatile memory such as, for example, an
electrically programmable read-only memory (EPROM), an
electrically erasabie and programmable read only memory
(EEPROM), or a flash memory (NAND or NOR type, including

20 multiple bits per cell).

It 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. 1In
addition, the terms information and data may refer to a

25 sgingle bit of information or more than one bit of

information.



25 single bit of information or nore than one bit of information. 6 WO
2004/ 003760 PCT/ US2003/016451 I n some enbodi nents, bus controllers 120,
130, and 140 be used with processor 110 or DVA controller 150 to
cont r ol th@“f?@ﬁé?%ﬁ)of i nformati on within conputing systBFI/USHON BYS
controllers 120, 130, and 140 may include buffers, 5 queues, or registers
to store infornation and nay al so conprise circuitry adapted to generate

pontrol addre 3 1%%g gQgIsPhg ggﬂ&&gh ?|&Q%Di§§b'°f gpﬁgknatlon

in computing sys or ex us con ers and 140

t t I I dd | s that
be’ associ JFEd w o Isa?ﬁae%Pg?ssIﬁ 19,9875 é%a?%?.l%%&?ﬁ%%;. ous
devi t 10 t d b I
be' uced vieHETBhstBEEPERFERS 990 10T 9Bk it e LRy nD SRR dnet K I ‘;SSf
15 inf F 110 de d t d d
cont 1ol bl rm?v%k%%%ﬁéﬁea T6PT er2012619 148, %é'xdel s M 3
transfer of information,between the vari er| he%%% and nternal
devi cels offUEBRPut P‘n’gre§§/§F8ﬁ?1(§6? S*Z@rﬁlvﬁn% (‘illlO KRy aéze‘goused with

bus controllers 120, 130, and 140 to control the transfer |nforna i on
bet ween nERBPY8BYFAESULRYoRFGRLRG §9sPERCTEH 0 &&ﬁéi} égress,

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 contrecl the transfer 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

25 150 may perform a transfer of information to or from a



the transfer of information between a nenory device and a peripheral
device 'in conputing system 100. DVA controller 25 150 may perfbrm a

transfer ofyd mbhoh jon to or froma 7 4 WO 2004/ 003760 P /016451
S R

menory devi ce wi thout using processor 110. Transfers using biter
150 may be referred to as DVA transfers. DVA controller 150 may have a
predet erm ned nunber of DMA channels, wherein each channel may be

dedi cat edméfiorty Gespesi fiichdavi ceiay geviceesoirn ldonputimenssistemdioly DVA
controller 150 may include a predeterm ned nunber of DMA request input
term nal spiR ce6etvEl OMA1IEeHEst Bel effeierd Yo devoes wrarpefeydher al
devices in conputing system 100. In response to receiving a DVA request,

DMA control | erpdR0caBy rd0ikmi tisat qag BidArel Bapsidet drimingqemptiesal oflevi ce
or menory device is adapted to transmt a DVA request to one of the DVA

request ippnt chehAtngl SwhkheRnt Be chedhRieial rr@g?v'tﬁée dMdideded yedleyi ce may
be referred to as a DVA device and may be said to have a DVA interface.

The DMWA in@Ei@Q@ Qévéc@NBrlée@E%%%ﬁi%ﬁkd%ﬁ%@ﬂ%@-@%&Q&R@&kﬂg.bQ@mﬁen DVA
controller 150 and the DVMA device to transfer information to and fromthe

DMVA devi cgonbien: PMA dgyi 91%? TRY- 108108V e dRatm b NanddMA of nbgk f ace,

e.g., these devices may not have accesS to a DVMA 20 request | nput

term nal . . Lg,sape; £aNQdi MBQLS, 13 RN +MR ARV IR TV 1dSEs PFAGHSEG oLt 0.
rat her than control ler
devices or peripheral devices in computing system 100. 1In
response to receiving a DMA reguest, DMA controller 150 may
10 dinitiate 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.



150, to transfer information to and fromthe non-DVA device. Internal
menory ‘270, SPI 250, UART 260, and controllers 210, 220, 230, and 240 may
be configu it her DVA devices or 25 non-DMVA device i
2004/003768ﬁg%@%w@3%03/016451 As an exanpl e, canera contr§FP®§M§§B"ﬁﬁ& be
connected to a canera (not shown). Canera controller 230 nay be a DVA
interface, i.e., in this exanple, canmera controller 230 may be adapted to

send a DVA requgsint examglye reguest bBRELoD1ber nbakagf HMEgeRicteld er 150
via bus 170 and external bus controller 120. In this exanple, the canera

and caner g, soea&ekger(n%%o TRYmbe I ebaerad baraoDVR dewicadiatag arBVA

interface. DMA controller 150 may be used to transfer a block of data from
the Caneralnwrfa&@rnal nenq&lyt%z@ elx'%m Qet hicam@ranRlchic d IR L YA
request, processor 110 may supply controller 150 the follow ng: a
source agdr dest i n e and ot he npinZ 6 Rfuddie & transfer.
The sourcgga gégggdngé g%%t 3 F@%ﬁtl?ﬁ gf tﬁb bl ock lldatég?% the canera
and t d%%&tngﬂtaioBfa%%e%%f%%&!{%f)%_sbh%l | 9 Plahese dhg datas i s to
pl aced in internal uring the transfer. Canera controller
230 may r to to] Iy a DVA
request. %ﬁ %%%&hggqgggt n&%lgggtrans rréd on1g%%%ﬁa controller 230

to one Ofcog%rgw%eEe%%ﬁ§lnaJ”%g S NN /2 pMa device having a DMA

interface. DMA controller 150 may be used to transfer a
block of data from the camera to internal memory 270. In

10 this example, prior to a DMA reguest, 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 reguest may be transferred from camera

20 controller 230 to one of the DMA request input terminals via
bus 170 and external bus controller 120. 1In 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

25 control of buses 17¢ and 190, DMA controller 150 may
transmit a DMA acknowledge signal to camera controller 230.

9



bus 170 and external bus controller 120. In response to the DMA request,
DVA controller 150 may transnmit a signal to processor 110 indicating that
DVA cont r oMoemoL&iB7édos to take control of buses 170 and 1 l@%®?$l 51
processor 110 rel eases 25 control of buses 170 and 190, con (rTer
may transmt a DVA acknow edge signal to camera controller 230. 9 WD
20041003760 PCT/ Us2003/ 016351 During the DVA transfer, buses 170 and 190
may be driWeRdyEheoNRR oftansfer, 150seaol 7pr eudsion hae, bandiBMercant rol | er
150 may generate the appropriate signals to performthe DVA transfer.
During a TP ket dh% @, mayt bprocaasber L2d, Sadir Bl yohiamiltike: caner a
to internal menory 270, or in alternate enbodi nents, data may go through
DVA cont rb1Q eray 1Benerat ¢ hike embodopenttedat ingl sheoDMAriroans frele, DMae bl ock
of data may be initially transferred fromthe canera to external bus
control | érrarpRies a HusriF, athea bt oaks 6ér daiat d0magy beherabe faaesf er r ed
fromexternal bus controller 120 to internal bus controller 140, and the
bl ockBof dfetertiy fhen tihe tamashetsednfeonnl nhendal, bys centrgl ler 140 to
internal nenory 270 via bus 190. DMA request generator {60 may be

connect echtenses enfibod#feni8) anta 188yt §oMBALLAEABMAY LbhteB1hRese buses.
DVA request generator 160 nay be connected to one or nore of the DVA

request iTHt tet niled sembo@Mesont 4okl gs 450 oRNVALLEAUSSE 0@Rer 3Ql.; 160
may nonitor activity of a

of data may be initially transferred from the camera to

150

external bus controller 120 via bus 170, the block of data
10 may then be transferred from external bus controller 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 150.
DMA request generator 160 may be connected to buses
15 1706, 180 and 190 to monitor activity on these buses. DMA
Tequest generator 160 may be connected to one or more of the
DMA request input terminals of DMA controller 150.
DMA reguest generator 160 may monitor activity of a
signal transferred on a bus 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 request generater 160 may monitor

activity on bus 170 during a transfer of information to or

from controller 210, controller 220, controller 230, or

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

monitor activity on bus 180 during a transfer of information

10



signal transferred on a bus during a transfer of information 20 to or from
a device using the bus and DVA request generator 160 nay generate a DVA
request based on the bus activity. |In some enbodi nents, DVA request
generator YEO2W&Y¥thitor activity on bus 170 during a t PERABA3816451
information to or fromcontroller 210, controller 220, controller 230, or
25 controller 240, In addition, DMA request generator 160 nay nonitor

activity gﬁogézg%gg deri Bg 2 tor__ra@%{ﬁr ggfo _iopf LR 0N Thh W 2004/ 003760

PCT/ US200 to or f'r om 2 ART _260. Further, DMA request
generat or L33, HRY-TORl! Ry A Gt n%;&;*lg,;&y%ﬁgwm@o duAnst e of

information ' to or from interna request generator 160 may

(esponbe. TESRRGCOVRE dUBSE T Boks GHbaRCIATC A (eet Seger ator 160
cvent. DUR cvelle FesORe tpramErad aronied HeoP At e ehgtg R
scope of the clainmed subject 1Q nat i,s.not limted in this res t he
conpl eti offV6f* h@gl%t FRAs I E Bt E)Dﬁ@ I 49D dt i oY FIRT at%l_eibi %e y be
RN L BN L VRGO
be connected to external dedicated pins (not shown) 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 may 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., if
the transfer of the block of information from the device is
complete. 1In response 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
terminals of DMA centroller 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 tc generate a DMA
25 reguest if the transfer of the block of information from the
device i1s complete. 1In response to receiving the DMA

i1



15 DMA request generator 160 may nonitor a bus coupled to the device to
determ'ne if the DVA event occurred, e.g., if the transfer of the block of
i nfor mat i owd 100mvashe device is conplete. In response to pogdefssidsen of a
DVA event, DVA request generator 160 may generate 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
to nonit of SEUBEE FHomJBMAr KEABEPE gehexasrer 160 .a DiPoGlersTrafast et on from
a device is conplete and may be adapted to generate a DVA 25 request if
the transfe¥Y 6FSPRARApEBCcRaBY WaYSr mafoan ckeomliehe DMle gt il sonmpl&t e. | n
response to receiving the DVA 11 WO 2004/ 003760 PCT/ US2003/ 016451 request
from DVA PMegueBitganer at BMALETanBARTc oft tokl &l o0 ofmayr frasgpricbn rEerany
ways. For exanple, DVA controller 150 nmay initiate a DVA transfer of the
bl ock of RrPERAHtfeMice, emotihenldevineés embiodialendranatidlle nbodimeliter DVA
controller 5 150 may initiate another transfer of another bl ock of

i nf or fat i 8R0f mamn thétdetkecenctbedetermisier bft edttensfdroadt «f bl ock of
information froma device is conplete, DVA request generator 160 may
moni t or ofhvformahnpnsifgeal $hendaviwe. For exanple, DVMA 10 request generator
160 may nonitor chip select (CS) signals of peripheral or nenory devices,
access signal sTbedgtermdae idr tive teasisgral ) ta AEM tefl QvBFridei dws, or
address signals on the bus.

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, accesgs 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 embodiments, 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
i'nformati on froma non- DVA device. For exanple, if camera controller 230
is a non- then DVA request generator 160 nay nonitor bus
activity o::ﬂog@/’ﬁofgmt o determine if information is to be X¢HHSIEIPEE ) r om
canera controller 230. A signal on bus 170 coupled to camera 20 controller
230 may indicate that information is ready to be transferred from canera

controlle n{ Egque or nkR0-BBYcgeNgtakeag cPVAshedgsSt to
initiate goﬁggfl%ggn%$§ ?%ﬁ]%gﬁgFgEcoﬁtrorggreZBO%u5|ng DVA contrgfler

150. 25 | 0 e S r 0 ontrol the
Lo ng of CFRAOSRLENRE %W?%‘J%%éq%& S R et

PCT) uszoogéga@éég@lganagegg,eerlD%L\prgaetagﬁggg%%ﬁewa@ew@ézpr 160

tran request to contro ter a predeterm ned

del ay or 3 pe Bl @51 BUBMRC of e aLigt . det e tamgggreve%or

after rece|V|ng a nate e nents rrequest
gener 0 equest to DVA_¢ ntr 150 i mredi ately
Pol Fow ngf CoeoERg T mealgsr' o DRk cBHR=EERT A6 R0
transfer a

to t t t. t
predeternlﬁéﬂsﬁ%%ggsﬁgﬁ 5ﬁﬂu O?§I fﬁnggﬁ? gg{l gP EC|4¥%Hﬁ}¥ﬁ sendi ng

a DV reayest Lo, DV, contiol Lg, 199, Y T g3ues, 0N atqr (80 iy, cont ol

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 xrequest generator 160 may control and
balance the flow of information in computing systgm 100.

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

15  embodiment of the claimed subject matter. 1In this
embodiment, DMA reguest generator 160 may comprise a trigger
generator 370, a request generator 380 connected to trigger
generator 370, and a control device 390 connected to trigger
generator 370 and reguest 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 reguest input texminals of DMA
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bal ance the flow of information in conputing system 100. Turning to FIG 2,

an enbodi nent of DMA request generator 160 is iIIustrat ed in accordance
with an Iwoemwhpshiztgent of the clai med subject matter. (h‘:;@ 20@ bRl rent
DVA request generator 160 may conprise a trigger gener at or 6 request

generator 380 connected to trigger generator 370, and a control device 390
connected to trigger generator 370 and request generator 380. 20 Trigger
gener at orcgrorablebhelsdnnethedotme bubesikéfis,186, ramgol@® tte reoIIiMOr
activity on these buses. Trigger generator 370 may generate a DMA tri gger
i n responseigeer actéqueytogehasesot7080188y dnmthetdGit cllve tRMAdmitgger may be
transferred to request generator 380. 25 Request generator 380 may be
connect edD¥d oaguest nboeonthafi che DMAL hegDMAtr dapest tigipuiindley aal s of
DVA 13 WO 2004/ 003760 PCT/ US2003/ 016451 control Il er 150. In sone

enbodi nenisitiateespDrBetianafBVA UhH gdeernse@lesibgRRRAlor BEhdmy
imediately transmt a DMA request to one of the DMA request input

term fal sgé¢neranbti ase maDVMBrbhanster. D alteliat & cmhedidmitsH1 Tequest
generator 380 may transmit a DVA request to DVA controller 150 a

predet er nLpeda apbadétefmihel ahbehtr egeiriiied »F YA rdddi968lg 4 vt her
enbodi nents, request generator 380 may transmt a DVA request to DVA

cont rol | etriBGeaf t ernr eeBby BELEU ek e , DV 1 (39 @f e o012 X P IrfRay F €quest
generator 380
transmit a DMA request to DMA controller 150 after receiving
multiple DMA triggers. For example, request 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 trigger generator 370 and request generator 380.
In some embodiments, control device 390 may be connected to

16  processor 110 to receive configuration information from
processor 110. For example, processor 110 may define what
information trigger generator 370 monitors on buses 170,
180, and 190. 1In addition, processor 110 may define under
what conditions and when regquest generator 380 generates a

20 DMA request.

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
transfer 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 DMA triggers. Control device 390 may be adapted to

control angvoe®bbbaky € trigger generator 370 and request fEP %09;]6% In
sone enbodi ments, control device 390 may be connected to )%%ess 1110 to

receive configuration information from processor 110. For exarrpl e,
processor 110 nay define what information trigger generator 370 nonitors
on buses IAn=fEZ0,iraridid€®. ttanadditiog, a hheessof ddformytdehi har under
what conditions and when request generator 380 generates a 20 DMA request.
Ref erring siadsst FfenGhd @nte?; @S fntexeaplwemdip 29 ockpoef ekahplagt i on
may he transferred froma canera (not shown) which may be coupled to

canera comuwingerar?3thi thwl stgd) ogkisledk i &f ofmbbiaac 18y Reytransferred to
internal 25 nmenory 270. Two separate transfer operations may be used to

transfer tireltiso Iyt deksioins P Orsmt t ONcambes eboneasn érandd . Wohgp94L003760
PCT/ US2003/ 016451 transfer includes transmtting a block of informafion in

st ages5f r athd he:xoanmfayd 0 t1d NSdk NBADINF Zrfiflat FOh RARBL e rafUELPYcan
initial stage, a block of information may initially be transferred to

camera conirdm |@med30.cdMi+d0] Sr tHeo NeXt St 29821 tHEs b&@ﬁt‘rBlelaE‘f gppRLi on
may be transferred from canera controller 230 to external bus controller
120 via bus 170. 1In the following stage, the block 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 device
compared to, for example, controllers 120, 130, and 140,
processor 110, DMA contreoller 150, DMA request generator
15 160, and internal memory 270. Accordingly, the transfer of
information from camera controller 230 to external 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 some embodiments, while the initial block of
. information is transferred from camera controller 220 to
external bus controller 120, DMA request generator 160 may
25 monitor bus 170 to determine if the transfer of the initial
block of information from camera controllier 230 is complete,

15



via bus 170. In the follow ng stage, the block of information nmay be
transferred fromexternal bus controller 120 to internal bus controller

140. In a fombyehka@e, the 10 bl ock of information may b f ad from
internal bus controller 140 to internal nmenory 270 via g]fjésﬁﬁgﬁm%‘g’rqﬁélra

controller 230 may be a relatively slow device conpared to, for exanple,
controllerﬁulzo t]ﬁ.o, and 140, nIE)rocessor 110, DMA controller 150, DVA
request gensrdtHhrthis femnsieri WUk naPnreabl9r 2780 Meyobdi figey, tohe
transfer of _information fromcanera controller 230 to external bus

cont rol | eS¢y B84 iR vEeYy Beoveeonpohed deyifes imxappberitke
transfer of infornation between external bus controller 120 and i nternal
bus cont r I EM 40 brs idkip R DeTEest heetenasber 166 iafacmtbennbetaeen
internal bus controller 140 and internal nmenory 270. In some enbodi nents,
whi | e t he YHASERT Kiodkitrma thier feetioren scamansf eonedol 16 230ELAd
controLler 230 tqoq _external bus controller 120, DMA request generator 160
may 25°moiiRE s PR qantderleken n20 f ther teanapee, ofiutbegi Bhei al bl ock
of information fromcanmera controller 230 is conplete. 15 WD 2004/ 003760

PCT/ US20037 8645y O ithy thist talansferk GMA cominotlsh BS0wERY Benbiee to
performa DVA transfer between other devices in conmputing system 100 since

DVA r equestoTiéindrlatn 236G avdratmal nghd heontFSNBELT 196, | PLORORL {0,
between canera controller 230 and
aving DMA controller 150 in an idle state wailting for this
transfer to complete, DMA controller 150 may be used to
10  assist the transfer of information between, for example, SPT
250 and internal memory 270. DMA reguest generator 160 may
monitor bus 170 to determine 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
may 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 or many

20  signals on bus 170. For example, DMA request generator 160

may monitor a chip select (CS) signal transmitted to a Cg
input terminal of camera controller 230. If the €8 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 camers

16



5 external bus controller 120. For exanple, during the transfer of the
i'nitial block of information between canera controller 230 and external
bus controhhf%m} &wa{ather than having DVA controller 150 in an idle state
waiting for this transfer to conplete, DVA controller 15DCHEF2W&OIMEY to
10 assist the transfer of information between, for exanple, SPI 250 and
internal nmenory 270. DMA request generator 160 may nonitor bus 170 to

determ necbﬁtibfléfaﬁbGESOEoﬁF%EeLti ak t@hgggrog;eh@&grt@t izory from camera
controller 230 is conplete. ITf the transfer™of the initial block of

informatigocbeem 15-630REa008 Hel LBE 2305i§ng0nPhelke, tP¥ygeaquest
generator 160 may transimt & DVA request t0 DVA controller 150 to initiate

a- DVA traggferaphrt §$05§189n%e9l998|6e05 bhhorrabhen BHeMGaRA Cantd ol | er
230. DMVA Fequest generatof I60 may nonitor oneé or many 20 signals on bus

170. For gManpl-eqqDMALeguesls9eBenalato16QgomaY 1aDRIERL J P sgt ect (CS)
%% to a CS I OP

signal transmitt I nput term na canera controller 230. If the

o oo cribaue fLiad-o,ca aceantoolles R s sisprled gy 2
o eogofl oL B8 G P93 LT St 0 b Sy A o
voltage potential, then trigger generator 370 may transmit a
DMA trigger to reguest generator 380.
In alternate embodiments, DMA reguest generator 160 may
10 monitor access signals (e.g., a read signal or a write
gignal) transferred to input terminals of camera controller
230 via bus 170. For example, if a read signal transmitted
to camera controller 230 is asserted 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
contreller 230 may provide an indication of when the
transfer of information from camera controller 230 is
s complete. For example, the level or value of one or more
signals may be compared to a predetermined level or value to
25 determine if the transfer of information from camera
controller 230 is complete. Trigger generator 370 may be

17



controller 230 is conplete. If trigger generator 370 detects a rising edge
of the 'CS signal, then trigger generator 370 may generate a DMA trigger

and transmyg $00god3d& trigger to request generator 380. in rds, if 5
trigger generator 370 detects that the CS signal transiti%ﬁ@%E&P ‘ﬁhi

relatively |l ower voltage level to a relatively higher voltage potential
then trigger generator 370 may transmt a DMA trigger to request generator
380. | n aFPefpgtsednbodipeeriiosm BM& requesti genaratdst 6 mays £ 10naoni t or
access signals (e.g., a read signal or a wite signal) transferred to

i nput t er Frpakgeuf ofamerfaroanticel Ifetom 236hatiza dBtg AT OLeF sz eXpgple, if a
read signal transmtted to canera controller 230 is asserted | ow during a

read operatipdrtet hedft tinggdevganeraten ud/ @iy He o+ sy esrhondd detect
a rising edge of the read signal to determine if the ‘transfer of

i nf or mat i drveiomrcaatng ,Cohehollraggd30 dehere@BY iRy ddy %ge?oggpgg'f nts,
ns

DVA request generator 160 nay nonitor address or data signals tr erred
to i nfut tbegsneabseoh oamEfaigeRrir.ol I er 230 via bus 170. One or nore 20 of
the address or data signals transmtted to canera controller 230 may

provi de an indraghiag et when thea %k%%%ﬁ%é‘gbﬂﬂﬁﬁ¥égﬂiéﬁléé&i%&aﬁgﬁa

controller 230 is conplete. For exanple, the leve ue of one or nore
signals miy_becepRated.iera b SUBIRLNARI di\sle U1 RIS 105,83 det er i ne
ol'ler [

if the transfer of information fromcanera contr S conpl et e.
Trigger gmaetakohis3ddsPBYbRE .17 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 communication 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. 1In 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 of interface
devices 520 and 530 may be similar to the operation of SPI
250, UART 260, controller 210, controcller 220, controller
25 230, or controller 240. The operation of bus controllier 420
may be similar to the operation of external bus controller

18



WO 2004/ 003760 PCT/ US2003/ 016451 configured to performthe conpari son to
determ'ne if the transfer of infornation fromcanera controller 230 is

conpl et e. wo }()nﬁodﬁ%el or val ue equals the predeterm neda?éﬁﬁg%ﬂ)&hﬁ;%l ue,

then trigger generator 370 may be configured 5 to gener T'gger.
Turning to FIG 3, a portabl e conmunication device 400 in accordance with
an enbodi nent of the clained subject matter is described. Portable

conmmuni catiioen oge oamuAaQ #Fbn K Ut dinesessw. 4ihd haperayide edbnnect ed
to a bus 10 controller 420, a bus controller 430, a DVA controller 450,

and a DMApigquesi rdanenratayo 460, HaVR iGant10ld £red GpdyaPeonconnected to
bus controller 420, bus controller 430, and DMA request generator 460. Bus

control | er; ;429n28Y e cepedekyr tia @ bushA 7 hant Ris 6PNbratéssoA30 may be
connected to a 15 bus 480. DVA request generator 460 may be connected to

buses 470 sand 48R 2hable CUBRINI A iThin Q%’é%é@eﬁ@ﬁ’at&f”&@@rm&gm” Se
a- menory 570 connected to bus 480. A wreless transceiver 500 may be

connecged o Jh;iantenna O o o, 4 70 r%fb@é@ééf o o PoRlARbI €

comuni cati on device 400 20 may 1 nclude interface devices 520 and 530, both
may be c oA e dd H&Biedr o 3. rLBEQPEFaion _of
interface g\%foggseggzl?b;n?rg% na%%%d%émcq aré%) (;t%]e Op'el’]étigﬁ of S 250,
UART 260 contr 0, . &9Rt5 0 cont I 30, ntroller
240. The oper a?iéorﬁtraok%l us conlﬁlr%%f%orgi%ovn?r%y&@ée @{q{n %% ‘?%r%%g%per ation
of eXtern%&éﬁﬁ%é%ﬁ&fcgd§”with antenna 510 to transmit and receive

messages to and from a wireless communication network with a

10 radio freguency (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

15 Multiple Access (CDMA), cellular radiotelephone
communication systems, Giobal System for Mobile
Communications (GSM) cellular radiotelephone systemsg, North
American Digital Cellular (NADC) cellular radiotelephone
systems, Time Division Multiple Access (TDMA) systems,

20 Extended-TDMA (E-TDMA) cellular radiotelephone systems,
third generation (3G3) systems like Wide-band CDMA (WCDMA),
CDMA-2000, and the like.

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

25 substitutions, changes, and equivalents will now occur to
those skilled in the art. It is, therefore, to be
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18 WD 2004/003760 PCT/US2003/016451 120 or communi cation bus controller
130. The operation of bus controller 430 nay be simlar to the operation
of intern roller 140. The operation of process

controll erﬁi&%\i@gﬁgﬁm request generator 460 may 5 be sifrpr‘:lt}'lr'%ljré @gm%
operations of processor 110, DVMA controller 150, and DMVA request generator
160, respectively. Portable comrunication device 400 nay use w rel ess

t ranscei vends@@twiotih tamtte e Sipar@idd asiins anck raveimbed NBSsagesrt o and
froma wreless communication network with a 10 radio frequency (RF)

si gnal . AkflAosgleht heddddpe teforishere] ailmatsibiectaImiverhis feé cth@ited in
this respect, portable comunication device 400 may use one of the

f ol | ow ngspdmiitnictatihen iaiverititcer f ace protocols to transmt and receive
messages: Code Division 15 Multiple Access (CDMA), cellul ar radi otel ephone
comuni cation systens, d obal Systemfor Mbile Conmunications (GSM

cel l ul ar radiotel ephone systens, North Anerican Digital 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 Wde-band COVA (WCDVA), CDMA-2000, and the
like. Wiile certain features of the invention have been

20



illustrated and descri bed herein, many nodifications, 25 substitutions,
changes, and equivalents will now occur to those skilled in the art. It

is, therefg;e gﬁage 19 WD 2004/ 003760 PCT/ US2003/ 016451 under st ood t hat
the append®d P e intended to cover all such modi fRCHIPHA0ILAY
changes as fall within the true spirit of the invention. 20 WO

2004/ 003760 PCT/ US2003/016451 Clains 1. A method, conprising: nonitoring
activity on a lmisidwing a transfer of information froma device using the
bus; and generating a direct nenory access (DVA) request based on the

activity on thgﬂbus@L%Egﬂgﬁ;mggmﬁk£gi§éain11, wherei n generating
conprises generating the DVA request if a signal on the bus 10 indicates

t-hat the transﬁ&&nﬂﬁoffﬁénéﬁﬁiﬁﬁb§réﬁnérﬁh§@¥ﬁffn%u§iE%bﬁgfegpéfiS

conplete. 3. The nethod of claim™, wherein generating conprises

gener at i ng eV hiequesh 4 fadvsignali e the s, Lo gransitions froma

first level to a second level. 4. The nethod of claim 1, wherein generating

conpri ges genergf’gﬂel@gaﬁi}}?g %ff@é‘@sﬁeri\cgrﬂ ééugé-@é ?Bmﬂi‘erQ&ﬁesi:stEeé

pr edet ermi ned l|evel .
on the activity on the bus.

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

15 transitions from a first level to a second level.

4. The method of claim 1, wherein generating
comprises generating the DMA reguest if a signal on the bus
is at a predetermined level.

20
5. The method of claim 1, wherein monitoxring

comprises monitoring the bus to detect a DMA event.
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20 S. The nethod of claim 1, wherein nonitoring conprises nonitoring the
bus to'detect a DVA event. | 21 WD 2004/ 003760 PCT/ US2003/ 016451 6. The

met hod of wwogadohidnsdpherei n generating further conprises ﬁgﬁ} i {1.he DVA
request in response to the DVA event. 5 7. The nethod of ¢ §$ﬁ$§?g?ﬂrther

conprising generating the DVA request in response to a predeterm ned
nunber of DMA events. 8. The nethod of claim5, further conprising 10
gener ating the 6DVA Méguastthiod rafs polmsiont D, tiieeDMN eyemérat whgr Elmthee DVA
request is generated a predeterm ned anount of tine after the DVA event.
9. The netdroprifses aiemes;atviiey dihe (A DMATeyeint ih SrampoidSe eventhienMa@at i ng
that the transfer of information fromthe device using the bus is conplete.
10. A et lowntconpri sing: using a direct nmenory access (DVA) controller to
20 transfer informati on froma non-DVA device. 11. The nethod of claim 10,
further conprising nonitoring a bus coupled to the non-DVA device to
determine if information is ready to be transferred fromthe non-DVA 25
devi ceb 22 7. The method of claim 5, further comprising

generating the DMA request in response to a predetermined

number of DMA events.

8. The method of claim 5, further comprising
10  generating the DMA request in response to the DMA event,

wherein the DMA reguest is generated a predetermined amount

of time after the DMA event.

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

device using the bus is complete.

10. A method, comprising:

using a direct memory access (DMA) controller to

20 transfer information from a non-DMA device.

11. The method of claim 10, further comprising
monitoring a bus coupled to the non-DMA device to determine

if information is ready to be transferred from the non-DMA

25  device.
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4 WD 2004/ 003760 PCT/ US2003/016451 12. The nethod of claim 11, further
conprising generating a DVA request if a signal on the bus colpled to the
non- DVA, device indicates that information is ready to be transferred from
t he non- DMYU&EVMAB6% 3. An apparatus, conprising: a firstPEBYSHEIAHED ed to
determine if a transfer of |nformat|on froma second device is conplete
and adapted to generate a direct menory access (DI\/A) request if the 10

transfer of theg.inf d t nd iqﬁsg 14. The
appar at us of cﬁa i'm %@EH%[ e‘:%r(:?onct&%lzfﬁlg ‘a us g to ﬁe second
devi ce, Fﬁh i A1 L. QFE t

det er m ne %%#%eagga er dr%d Ce%f%rslnntl oEI’n é:ftle second de edigo

conpl et e. e rat.us aof 1§ c ce.i

non- DVA det@ﬂ%cgo'l‘l E%%ev&hcg R e T e T
DIVAcontr%Ier %tottﬂgflorstD evdece V\,herelnthe DVA controller is
adapted to rel(,s'el Sqdest d”alp to transfer information

fromog to the second device in 25 response to the DMA request. 23 WO
2004/ 003760 PCT/ US2003/ 016451

13. An apparatus, comprising:

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

10 transfer of the information from the second device is

complete.

14. The apparatus of claim 13, further comprising a
bus coupied to the second device, wherein the first device
15 monitors a signal on the bus to determine if the transfer of

information from the second device is complete.

15. The apparatus of claim 13, wherein the second
device is a non-DMA device.
20
1l6. The apparatus of claim 13, 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 from or to the second device in

25 response to the DMA reguest.
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17. The apparatus of claim 16, wherein the DVMA controller has at |east two
DVA request input termnals to receive the DVA request and wherein the
second de{ygfrohSo@sN0N- DVA device and the second device is _not connecte

to any 5 of the DVA request input terminals of the DVA coRt FAPPWSOIsEST A
system conprising: a processor; a wireless transceiver coupled to the
processor; 10 a bus coupled to the processor; a first device coupled to

t he bus; and al3ecoltiedeppesastaptdd cllaimnist, Owtidie s Ho setermne if a
transfer of information fromthe first device is conplete and adapted to

gener at e @oUlreticnehssyaactesstlEweDMR reguest lihdie ddaRsiers of ot he
information fromthe second device is conplete. 19. The system of claim

18, furtheecedwprtbendMa bMiuceenthd hereauphed o dda $REeNL davige 20
20. The systemof claim 19, wherein the DVA controller has a DVA request

i nput t erndnabMaodeeteeventhehBMActegdesieviard ;whergi . HH%éﬂéﬁt%§h§%§e I's
not connected to any of the DMA request input term nals of

contrdl | epf 2Be2BMA request input terminals of the DMA controller.

18. A gystem, comprising:

a processor;

a2 wireless transceiver coupled to the processor;

10 a bus coupled to the processor;

a first device coupled to the bus; and

a second device adapted to monitor the bus to determine
if a transfer of information from the first device is
complete and adapted to generate a direct memory access

15 (DMA) request if the transfer of the information from the

second device is complete.

15. The system of claim 18, further comprising a DMA

controller coupled to the second device.

20
20. The system of claim 1%, 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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