WO 01/55834 PCT/ GB01/ 00138 METHOD AND APPARATUS FOR | NCREASI NG THE BATTERY
LI FE OF PORTABLE ELECTRONI C DEVI CES The present invention relates generally

to port sdaheygsectronic 5 devices, and nore particul arly peridEieassng the
battery life of portable electronic devices. For a portable electronic

devi ce such as a personal data assistant (PDA), a digital audio player
(e.g., an MPEG3 or "MP3" player), a digital 10 video player (e.g., a DVD
pl ayer) or the like to play digital audio or video, or to perform other
data intensive operati OMETHGD @SD{ARPHRAITSS o atcr{sIf@tymeat rates of up to

1.5 Mytes/mn must bexssetbsde'dr bberRoE Aliltaafkeptyapic device. Due to
limted internal menmory capacity, portable ectronic eV| ces typically

cannot store sufficient data to sustain 15 continuous data intensive
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or Video)iedOo-L£OANERSALE for limted internal nmenory capacity, nost
portable 20 electronic devices enpl oy renovabl e storage devices to supply
data to the portable electronic devices. Common renovabl e storage devices
i ncl ude renpVabl & REFSECIGr YRS o dedidev esclopscomeastndll dstd' ameimayt

devi ces. (&82) usedidiereiaudipermyabl @ . stpraalgm’mbevbf:e-&pbanllalﬁélr)deMi&%&t&bat
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digitised 160 data to the PDRS he (es%drt PR &P Iolff%lgrléﬁjdéﬁlél? he use
of portalile VElSeet TBnPRY degntsdut h%ﬂtme Iﬁ%rrlpérfﬁ -dat alorat eresplyeccopématinons bot h
expensi verant pheonvéninerit. o3yidegor di ng to one aspect of the present

invention, a systemis provided adapted to increase the battery life of a
portabl e eI ecl;Iroogtgr&3 ortabl e el ectronic device enploys a

ndevi ce, when

renovabl e_storage device, t he mlte‘% SRT CORprivErRY: S282F tivo VA tePLTGPAg e
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devi ce Capatﬁh@eoélectronlc devices. Common removable storage devices include
removable disk drives, hard drives or compact flash™ memory devices. As
used herein, removable storage devices include devices that may be
external to or internal to a portable electronic device.

25

While removable storage devices contain sufficient memory and can

sustain most data rates required by portable electronic devices, these
storage devices also consume significant electrical power and thereby
severely reduce the battery life of portable electronic devices. For

30 example, the battery life of a typical PDA running an MP3 player
application is about 30-45 minutes if the PDA uses a removable storage
device to continuously supply digitised audio data to the PDA. Such a
short battery life renders the use of portable electronic devices that
perform data intensive operations both expensive and inconvenient.

35

According to one aspect of the present invention, a system is

provided adapted to increase the battery life of a portable electronic
device, when the portable electronic device employs a removable storage
device, the system comprising: a removable storage device adapted to store

40 data and to transfer data, the removable storage device capable of
transferring data at a first rate; a portable electronic device coupled to

the removable storage device, the portable electronic device having a



transferring data at a first rate; a portable electronic device coupled to
the renovabl e storage device, the portable el ectronic device having a WO
01/ 55834yB@TksBP1/ 00138 2 processor adapted to execute candBiilodizgpr ogr am
that requires data to be transferred to the processor at a second rate
which is lower than the first rate; a cache nenory adapted to receive data
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Preferably in the system of the second aspect, the first device
25 consumes more power when powered on than the intermediate storage location

consumes when powered on.

Preferably also this system further comprises computer program code
adapted to power down the first device following the transfer of data from

30 the first device to the intermediate storage location.

Also, advantageously in this system the intermediate storage

location and the computer program code are within the second device.

35 The first device may with advantageously comprise a device selected
from the group consisting of a hard drive, a computer, a flash memory

device, a tape drive, a CD-ROM drive and a DVD drive.

Also, advantageously, the second device comprises a personal data

40 assistant.



40 assistant. WO 01/55834 PCT/ GBO1/ 00138 3 The second device may conprise
a device adapted to play conpressed audio data In one enbodi nent of the

second grPdssff the invention, the 5 internmedi ate storager/eedhiids
conprises a cache nmenory. Pref erably, the cache nmenory conprises a nenory

selected fromthe group consisting of a first-in first-out buffer, a
random access nenory, a static nenory and a dynam c nenory. 10 According
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20

In this device cof the storage device preferably consumes more power

when powered on than the intermediate storage location consumes when

powered on.

25 Preferably, also, the device further comprises computer program code
adapted to power down the storage device following the transfer of data

from the storage device to the intermediate storage location.

According to a fourth aspect of the present invention, a computer
30 program product comprises: a medium readable by a computer, the computer
readable medium having: means for initiating a transfer of data at a first
rate between a first device and an intermediate storage location; and
means for initiating a transfer of data at a second rate between the
intermediate storage location and a processor, wherein the second rate is

35 lower than the first rate.

Preferably the computer product further comprises means for powering
down the first device following the transfer of data from the first device
to the intermediate storage location.

40
According to a fifth aspect of the present invention, a method of

transferring data between a first device and a second device comprises:



According to a fifth aspect of the present invention, a nethod of
transferring data between a first device and a second device conprises: WO
01/ 55834y d6ilésekRP1/ 00138 4 providing a first device for steidHagoslasa and
for transferring data, the first devi cg capabl e of transferring data at a
first rate; providing a second device, the second device requiring data at
a second rate which is lower than the first rate; transferring data at the
first rate fromthe 5 first device to an internedi ate storage |ocation; and
transf er pirpgi dataa atirst hevseeond s@irend raaretdra Edt em&&cﬁeatﬂagstietagehe
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address tde feeds Qftet BEMELONindEimed3Y S @RBraddeYd &R on GRMPL &Lcof Ogr am
products,, and nethods are provided which may significantly increase the

battery Ilf’e of a portable electronic device that perforns 20 data
i ntensi ve operations such as playing digital audio or video. Wile
particul arly Feréérabilal wHepr usingr elaisi ngtidde et férse Befeotoidiecabave

descri beq‘mp@f tv@alal'xepcﬁ)lee&ﬁ ro(ﬂni:l@ard%Maia CeSertdd€afd %%@mgei DcyceaQtlilerl:og‘%Ym&;ewhen
enpl oyed 'OQ other applications including portable DVD players, wearable
comput ers and aut onobil e personal conputers. 25 Exanples of a first device
or storage device that can store data and transfer data are a renovable
storage devi cersefrbdgs aldvar chedmpuied futtdpe cahprises aoEDiROModghi ste, a DVD

drive or marfl ashisemlyoseyi ee sushras & asapach dhkash Tl adrrRrY, deyvice, a
rt Medial " or a Memory,Stick TI . The 30 first device is capable of

g ! . :
ttansferring data at a8 19Tsf-Tate. An internediate storage location (e.g.,

a cache nenory such as a flrst-ln first-out buffer, a random access
menory, a st atioCafREREYtH ndedly BANIE pARADEYY), kSsicaUpl&4itos t Benfidkst

devi ce, evj ge 'a QJ; i roni ¢.device such as a
PDA, an %\g& P&inz%gér?mag An(a métenogs = %pQ,r Eé‘i wl%sglé%% ed Bot i tg “the first

vid .

devi ce and“to*%h éh’? ﬁ?é??@’dllé ee %t%rpéééabHeOE qE6ARq HQ%CF?%ﬁeéﬁﬁ?@al nent s,
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conput er peograRriNaknt LUkl eSrd@ddreasing the battery life of the above

described portable electronic devices, the present invention may be
employed in other applications including portable DVD players, wearable
computers and automobile personal computers.

25

Examples of a first device or storage device that can store data and

transfer data are a removable storage device such as a hard drive, a tape
drive, a CD-ROM drive, a DVD drive or a flash memory device such as a
compact flash™ memory device, a Smart Media™ or a Memory Stick™. The

30 first device is capable of transferring data at a first rate. An
intermediate storage location (e.g., a cache memory such as a first-in
first-out buffer, a random access memory, a static memory or a dynamic
memory) is coupled to the first device, and a second device (e.g., a
portable electronic device such as a PDA, an MP3 player, a video player,

35 etc.) 1s coupled both to the first device and to the intermediate storage
location. In described embodiments, the second device includes a
processor that is adapted to execute a computer program that requires data
to be transferred to the processor at a second rate which is lower than
the first rate.

40

Computer program code is provided that can initiate the transfer of

data at the first rate from the first device to the intermediate storage



to be transferred to the processor at a second rate which is |ower than
the first rate. 40 Conputer program code is provided that can initiate the

transfery@fisdf @ at the first rate fromthe first devi cecirEoBo1zs
i nternedi ate storage WO 01/55834 PCT/ GBQ1/ 00138 5 |ocation and that can
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byo a medid¢m s &aﬂebieeubys BoRONMUhEEndt@of; sudn GAY ki &lacWaY8 L SiORBker @ fl 0ppy
disc, a hard d fr e, B @ndom access,,nenpry, etc. )a 20 Q‘ﬂ er features and

¥e vice or an idle st 6
advantages O presen I nvent1 on may "nore parent from

the foll oq\ihaﬁgortfét’a?ﬁréiddtﬂ%éﬁcﬁ RO wi t h ref erence to the drawi ngs of, by
way of exanple, presently preferred enbodi ments of the invention. 25 The
present i nventjrpethl bspawsbes cteecmvlaegilam tlﬁleJle%er eResudL g%raﬁccorrpanyl ng

dE@WI ngs, o@ug\ﬁl 91 f\*@éhg\&y a?é p%@]@ ]”b ucé'e w1th a SCPoerg%%IeC %I ag'll‘damzo

first novel I ncreasi ng ttery |feo
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schemat i Gsidhagr aneodppg 88LONd HQYWelriS¥StLAh@in 38cdAChERSVNGdche battery
life of a portable electronic device such as a digital audio and/or video
pggyfﬂy Other features and advantages of the present invention may become
more fully apparent from the following detailed description with reference
to the drawings of, by way of example, presently preferred embodiments of

the invention.

25 The present invention will now be described with reference to the

accompanying drawings, in which, by way of example:

FIG. 1 is a schematic diagram of a first novel system for increasing
the battery life of a portable electronic device such as a personal data

30 assistant;

FIG. 2 is a flow chart of a preferred process for the first system
of FIG. 1;
FIG. 3 is a schematic diagram of a second novel system for
35 increasing the battery life of a portable electronic device such as a

digital audio and/or video player;

FIG. 4 is a flow chart of a preferred process for the second system
of FIG. 3; and
40
FIG. 5 is a schematic diagram of a third novel system for increasing

the battery life of a portable electronic device.



FIG 4 is a flowchart of a preferred process for the second system of
FIG 3; and 40 FIG 5 is a schematic diagramof a third novel system for

i ncreasiwgo1kissqabattery life of a portable el ectronic dewcaaspMfgoids/ 55834
PCT/ GBOL1/ 00138 6 In the draw ngs, |ike 6ref erence nunbers indicate
identical or functionally simlar elerients. Additionally, the |eftnost
digit of a reference number identifies the figure of the draw ngs in which
the reference nunber first appears. 5 The present invention takes
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transfer t ab yies/in Lo a ovrltcaS SeuC ronic
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Moyt es/ se®Hc- totMGaUm epmaimenero Vi Gty wiven tdver porahaihea 1ee) a&téﬂmm
devi ce haseroeaek @uth alsl £{0ft-nearikyc k) vefret be dabd Witdidn Lhs, | ompover,
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storage | ocation ortabl e €l 6ctionl e dévice that® 28" Rads'Ehead"
data fromMiH&Fa ﬁov%tﬁué %?Waﬁér GBVITCET T Rifle bYoUudiesayioee aBieacby awtr oni ¢
devi ce. Tfe rrehpeabbe sspbivage adel cevwpr efierabial nsnorpownercedt downsly
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transfer #Psat2-P MPyisEdsec I wee tiheofnihirgkt alemansdiooly when the portable

electronic device has read out all (or nearly all) of the data within the
low power, internal memory. The internal memory thus serves as an
intermediate storage location for the portable electronic device that

25 "reads ahead" data from the removable storage device for use by the
portable electronic device. The removable storage device preferably is
powered down immediately after transferring data to the low power,
internal memory so as to maximise power savings. Due to the high transfer
rates of removable storage devices, these devices need only be powered on

30 for a short time period. For example, in about 2-3 seconds, an IBM
Microdrive can power on, transfer about 1 minute’s worth of digital audio

data to a PDA's internal RAM, and power down.

During data intensive operations that require the use of a removable
35 storage device, such as when a PDA runs an MP3 player application, the
present invention has been found to extend the battery life of a PDA by up
to 10 hours from the conventional limit of 30-45 minutes. While
particularly beneficial for increasing the battery life of PDAs and MP3
players, the present invention may be employed in many other applications
40 including portable DVD players, wearable computers and automobile personal

computers.



data to a PDA's internal RAM and power down. During data intensive
operations that require the use of a renovable 35 storage device, such as
when a R{A\oi/kH354 an MP3 pl ayer application, the present ipgyRiHoieespas been
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The computer program code 110 includes program code that begins or

otherwise "initiates" a plurality of events within the PDA 102 or the

removable storage device 104. Events initiated by the computer program
25 code 110 preferably include:
1. a transfer of data at a first rate from the

removable storage device 104 to the cache memory 108;

30 2. a transfer of data at a second rate which is lower than the

first rate from the cache memory 108 to the processor 106; and

3. powering down the removable storage device 104 following the
transfer of data from the removable storage device 104 to the

35 cache memory 108.

It will be understood that the computer program code 110 initiates

an event by directing the processor 106 to initiate the event.

40 The computer program code 110 may be programmed using any
programming language such as C, C++, Pascal or the like. Preferably the

computer program code 110 resides within a device driver of the PDA 102.
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FIG. 2 is a flow chart of a preferred process 200 for the first
system 100 of FIG. 1 that significantly increases the battery life of the
25 PDA 102 during a data intensive operation. During the processor 106's
execution of a computer program that performs data intensive operations
such as playing digital audio or video, a continuous stream of data is
required by the processor 106, at rates of up to about 1.5 Mbytes/min.
The supplying of continuous data to the processor 106 is referred to

30 herein as "data streaming".

With reference to FIG. 2, the process 200 begins with step 201 when
the PDA 102 runs the computer program code 110. In step 202, the computer
program code 110 designates a portion of the RAM 112 for use as the cache

35 memory 108 (e.g., for use as a read ahead cache). The processor 106 then
requests (step 203) an amount of data that is required by the PDA 102 for
data streaming (e.g., to play digital audio or video or to perform some

other data intensive operation).

40 In step 204, the computer program code 110 determines if the

requested data resides within the cache memory 108. If the reguested data
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video or performs some other data intensive operation). The data transfer
rate from the cache memory 108 to the processor 106 preferably is

25 significantly lower than the data transfer rate from the removable storage
device 104 to the cache memory 108. In this manner, the time the
removable storage device 104 is powered on is reduced, and the battery

life of the PDA 102 is increased.

30 In step 209, the processor 106 processes the data transferred
thereto from the cache memory 108. 1In step 210, the computer program code
110 determines if the processor 106 requires additional data for
processing (e.g., if the computer program the PDA 102 is executing
requires more data) and if so, the process 200 returns to step 203 to

35 request additional data; otherwise, the process 200 ends in step 211.

FIG. 3 is a schematic diagram of a second novel system 300 for
increasing the battery life of a portable electronic device such as a
digital audio and/or video player 302. The second system 300 is similar
40 to the first system 100 and comprises a removable storage device 304
coupled to the digital audio and/or video player 302. The removable

storage device 304 may comprise, for example, a hard drive such as an IBM
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308 to the praocessor 306; and 25 3. powering down the renovabl e storage
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device 304 to the reaetrPlreprpod0Bvice 304 to the cache memory 308;

2. a transfer of data at a second rate which is lower than the
first rate from the cache memory 308 to the processor 306; and
25
3. powering down the removable storage device 304 following the
transfer of data from the removable storage device 304 to the

cache memory 308.

30 FIG. 4 is a flow chart of a preferred process 400 for the second
system 300 of FIG. 3 that significantly increases the battery life of the
digital audio and/or video player 302 when the digital audio and/or video
player 302 plays digital audio and/or video. With reference to FIG. 4,
the process 400 begins with step 401 when the digital audio and/or video

35 player 302 runs the computer program code 310. 1In step 402, the processor
306 requests an amount of data that is required by the digital audio

and/or video player 302 to play streaming digital audio and/or video.

In step 403, the computer program code 310 determines if the amount
40 of unread data within the cache memory 308 has fallen below a
predetermined threshold (e.g., whether there is enough unread data within

the cache memory 308 to continue data streaming). A preferred
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time the removable storage device 304 is powered on is reduced, and the

25 battery life of the digital audio and/or video player 302 is increased.

In step 408, the processor 306 processes the data transferred
thereto from the cache memory 308. 1In step 409, the computer program code
310 determines if the processor 306 requires additional data for
30 processing (e.g., if the digital audio and/or video player 302 is still
playing digital audio or video), and if so, the process 400 returns to

step 402 to request additional data; otherwise, the process 400 ends in
step 410.

35 FIG. 5 is a schematic diagram of a third novel system 500 for
increasing the battery life of a portable electronic device 502 (e.g., a
PDA, a digital audio and/or video player, etc.). The third system 500 is
similar to the first system 100 and the second system 300. However,
unlike the first system 100 and the second system 300, the third system

40 500 employs a read ahead cache within a removable storage device rather

than within a portable electronic device.
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25 The foregoing description discloses only the preferred embodiments
of the invention, modifications of the above disclosed apparatus and
method which fall within the scope of the invention will be readily
apparent to those of ordinary skill in the art. For instance, the
particular portable electronic devices, removable storage devices and

30 cache memories described herein are merely exemplary, and any other
devices/memories may be similarly employed. Further, each of the computer
program code 110, the computer program code 310 and the computer program

code 510 may comprise a computer program product.

35 Accordingly, while the present invention has been disclosed in
connection with the preferred embodiments thereof, it should be understood
that other embodiments may fall within the scope of the invention, as

defined by the following claims.



of the invention, nodifications of the above discl osed apparatus and

nmet hod which fall within the scope of the invention will be readily

appar entwbei1sssase of ordinary skill in the art. For instawaecedieiss
particul ar portable electronic devices, 1{ enovabl e storage devices and 30
cache nenories described herein are nerely exenplary, and any other

devi ces/nenories may be simlarly enployed. Further, each of the conputer
program code 110, the conputer program code 310 and the conputer program
code 510 may conprise a conputer progfFas4sroduct. 35 Accordingly, while the
present invention has been disclosed in connection with the preferred
embodi I'TEQ_'[ S tt}xe{ngg'fo’d !3% t%gﬁyéeQer.gg %Qggbett%’gu tp?ils 0 Qv%r em?iOdl srTeecrc]:qu may
fall within the scope e 1 nvention, déf i ne tﬁerfofalovvlng
claims. WY 58‘8%%%‘6?1"/ GB01/ 00138 13 CLAII\/B 1. A rret hod of transferring
data between a first device and a second device conprising: 5 providing a
first device fepvstian Agidat Acanck fror ddoanss enth nsgldd%xa,trartsl’f%riir(gshagaﬂ' ce

bei ng capabl £.9f 4 fier o0&t inh 8 &n 2 PLOYS a second
devi ce, the secondervgg?n]%rehére%ﬁg?%%g@dgtaaa gélsrt %Oé gec%tﬁ \rélf WhiTh is | ower

than the first rate; transferring data at the first rate fromthe first
device to an PrAYiEkmEd: @eeond craies | beatseornd dadickSréquansferdakagtdat a at
tite seconrdcsmat eats omitihesi MdwirneinmtRe Hi@EAQgRte} OCation to the second
device. 2. A corrput er program product having a nedi um readabl e by a
conput er, th«% ut er readabl eh n%dl um incorporating: 20 neans for
initiating a trans &F 15t a5t & talts ff?tstraF%ltféoﬁe"t}\ﬁeéJrFséE AgYic&t EYEW ce and
an |nterﬁ‘ﬁﬂ?%‘teél%‘f%lsa@’@gleoé%ﬁaiteﬁn &ﬁ@l means for initiating a transfer of
data at a second rate between the 25 internediate storage |ocation and a

processor, Vm%&@hsﬂ?e&b@ngsﬁggﬁcgtr Bl& skSond QUE! LhANLLhE, 'rﬂléélatgts%or
system cqonpri.sing: 30 a st . deV| ce adapted to store data an fa?ansfer
n? th o, the second

data, the first device Dbei ng capabl e of transferring data at a first rate;
an internedi ate storage |ocation coupled to the first device;
2. A computer program product having a medium readable by a computer,

the computer readable medium incorporating:
20
means for initiating a transfer of data at a first rate between a

first device and an intermediate storage location; and

means for initiating a transfer of data at a second rate between the
25 intermediate storage location and a processor, wherein the second rate is

lower than the first rate.
3. A system comprising:

30 a first device adapted to store data and to transfer data, the first

device being capable of transferring data at a first rate;
an intermediate storage location coupled to the first device;

35 a second device coupled to the first device and to the intermediate
storage location, the second device having a processor, the processor
being adapted to execute a computer program that requires data to be
transferred to the processor at a second rate which is lower than the
first rate; and

40 computer program code adapted to initiate a transfer of data at the

first rate from the first device to the intermediate storage location and



35 a second device coupled to the first device and to the internediate
storage | ocation, the second device having a processor, the processor

bei ng agapbeshsio execute a conputer programthat requirescerimdiofzhe
transferred to the processor at a second rate which is |lower than the

first rate; and 40 conputer program codt* adapted to initiate a transfer of
data at the first rate fromthe first device to the internedi ate storage

| ocati on and WO 01/55834 PCT/ GB01/00138 14 to initiate a transfer of data
at the seoonhditiate o romstrhe dMbetdredi el se8r 28€- t06ATINANI A1 Q1B ate

Pr oCessOlstofagA1HOMICE GORRE |p§bggsor5 an internedi ate storage | ocation
adapted to couple to a storage device that is capable of transferring data
at a first rate; a processor coupled to the internedi ate storage |ocation
and adapt‘ed fod?blcéoﬁwpélﬁﬁlgt he storage device, the processor being
adapted to execute a conputer programthat requires data to be transferred

to the processar 11@{erm@d§s@@0£\%r5§é Qo\é@tfé}h !aéadt%\ée{o tcgg‘gple § af IsI{:§ I’eat e, and
conput er 85%95 %g]d?(;ode ad: %ttgansr} iate_ a transfer of data at the 15
e

first rate fromt rage vice teror’t“r?ed?%ai &f neditate *&t6f age | ocati on
and to initiate a transfer of data at the second rate fromthe
i nternedi ate storegesbocatrbe to dHeeipracessok. storade MRICAOhn GAATUELBEq

prooduct , t8}’§c’$®me & tqgvét%%a%@g{}mengtﬂ@ pQQ@es%for @n&hﬁiaBEggecgl Q}gec%l ai {'8

wherein o T 58.0f salrds L consunes nore po wer - when
power ed %%}nﬁﬁf ?%gq'lgn termedi ate st%oFa e %ctar %ferr%ntéjuﬁ%% RERETE FY8WRT ed

on. 6. Aanﬁ???élé r?:tc?rrﬁﬁ’c"é“r 1f)r1(?éfﬁﬁttha§y"s}t9e|‘r%r%? rgessi eedaccording to one of
25 the preceding clainms further conprising conputer program code adapted to

power down saicmfidest pHRNLRE-RE SRIpdcStQr @qglecl%l@é“ C%rirgf'eQV‘Aﬂ‘Qiaweatt ransfer

ofs data fxom the fﬂrl’ﬁt e t he_st or the intermediate
storage Gcation. 30 it gk?/rag maccor dl tggtlélqg med a§e SFOE‘T% &GP 6

appended '8 ¢ éfl?ﬁ](?te Wé?’éﬁ?rt fie diaﬁf‘eartnéﬁl? éteéo%‘% Gla*a@efrlomc%ﬁel on and the
conput er iprogiedirtodeorameel gdathpm tohehsecorgksdevi ce. 8. A system
conprising: 35 a renovable storage device adapted to store data and to

tranSferES. A method, computer product, system, or device according to one of

20 the preceding claims wherein said first device or said storage device

consumes more power when powered on than the intermediate storage location

consumes when powered on.

6. A method, computer product, system, or device according to one of

25 the preceding claims further comprising computer program code adapted to
power down said first device or said storage device following the transfer
of data from the first device or the storage device to the intermediate

storage location.

30 7. A system according to claim 3 or claim 5 or 6 appended to claim 3,
wherein the intermediate storage location and the computer program code

are within the second device.

8. A system comprising:
35
a removable storage device adapted to store data and to transfer
data, the removable storage device being capable of transferring data at a
first rate;
40 a portable electronic device coupled to the removable storage

device, the portable electronic device including a processor that, in



data, the renovabl e storage device being capable of transferring data at a
first rate; 40 a portable electronic device coupled to the renovabl e

st oragewalenssg®, the portable el ectronic device includi ngcwvgBopeassor that,
in WD 01/55834 PCT/ GB01/00138 15 oper a{g on, requires data to be
transferred thereto at a second rate which is lower than the first rate; a
cache nenory to receive data fromthe renovabl e storage device and 5 to
transfer data to the processor; and neans adapted to: initiate a transfer
of data abetdréofi nhuimsedfronptie tremreabée thd-tst of ageedeM eecd anihe
cache meRBriswekNiddnatee aits@nster of data at the second rate fromthe cache
menory to the processor; and 15 power down the renovabl e storage device
following the transfer of data fromthe renpovabl e storage device to the
cache menory. 29S2ABEIGY 0T 8551y RthSupptientFrvportertorros dgtemmshi ch
canpri sesc wapef¢raldkhea gloeche ompcesevi cmdand a renovabl e st orage device for
data 20 required by the portable electronic device, wherein the storage
device is capable af ttapsferring data at a first rate higher than a
second rate that is required for data input to the portable electronic
device, the nethod including the steps of: 25 providing an internedi ate

st orage devi cérthigtecorsaneser eSslagewsy thahimspoweeetkoontidhanncaeset he
rienovabl etstaragerideviLenetdansf kg data at said first rate fromthe
renmovabl e storage device to the internedi ate storage device; 30
transferring data at said second rate fromthe internedi ate storage device
to the portabl8*%1°66t7 MAFESBvPL&2tantt poGReTS Ay dohR TRE Fensvald Bemwr age
devi ce f &6PI'6wW Bgeassectr andfer of 35 data therefromto the internediate

st orage devi ce.

15 power down the removable storage device following the transfer of

data from the removable storage device to the cache memory.

9. A method of saving consumption of power in a system which comprises
a portable electronic device and a removable storage device for data

20 required by the portable electronic device, wherein the storage device is
capable of transferring data at a first rate higher than a second rate
that is required for data input to the portable electronic device, the

method including the steps of:

25 providing an intermediate storage device that consumes less power

when powered on than does the removable storage device;

transferring data at said first rate from the removable storage
device to the intermediate storage device;
30
transferring data at said second rate from the intermediate storage

device to the portable electronic device; and

powering down the removable storage device following the transfer of

35 data therefrom to the intermediate storage device.



