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BACKGROUND OF THE INVENTION

20 FIELD OF THE INVENTION

The present invention relates to the field of storage of electronic data. More
particularly, the present invention relates to the compression and decompression of data

stored to a portable memory device.

BACKGROUND OF THE INVENTION

25 Portable memory devices, sometimes referred to as “key chain” memory devices or
Thumbdrives™ (which is a trademark of the assignee of the present invention), are small
'portable data storage devices. These devices have become a class of indispensable computer
peripherals that are widely utilized in business, educational and home computing. These
devices are very small in comparison with other data storage devices such as personal

30  computers (PCs), personal digital assistants (PDAs), magnetic disks, or compact disks (CDs).
Indeed, the name “keychain” memory device describes the devices as similar in size to a key.

Portable memory devices are generally not permanently fitted to a particular host platform,
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" devices are very small in conparison with other data storage devices such

‘ as personal 30 conputers (PCs), personal digital assistants (PDAS),'
magnetic di sks, or conpact disks (CDs). Indeed, the nane "keyZhailuN 268nory

" device describes the devices as simlar in size to a key. Portable nenory

devices are generally not permanently fitted to a particular host platform
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t he devi ces. : o
15~ Increasing their size.

SUMMARY OF THE INVENTION
Accordingly, it is an object of the present invention to provide a system and
apparatus that enables users to save larger quantities of data to a portable memory
20 device than the current state of the art would allow. This would allow manufacturers to
increase the amount of data that can be stored to the memory of these devices without
increasing the physical size of the memory and thus the size of the devices.
Additionally, this would have the added benefit of allowing manufacturers to decrease
the size of these devices without decreasing the amount of data that such devices are
25  capable of storing.
According to one aspect of this invention, there is provided a unitary portable
data storage device as defined in claim 1 of the appended claims.
According to another aspect of this invention, there is provided a method as

defined in claim 7.

30 According to a further aspect of this invention, there is provided a method as

defined in claim 12.



~ Additionally, this would have the added benefit of allow ng manufacturers
to decrease the size of these devices w thout decreasing the anmount of

. data that such devices are 25 capable of storing. According toZ@néUﬁgggct
of this invention, there is provided a unitary portable data storage
device as defined in claiml of the appended clains. According to another
aspect of this invention, there is provided a nethod as defined in claim
7. 30 According Ptrefeabryur}tehewloaswaphblefofmy&ohﬂmehlt@ﬁlhoﬁth%ﬁorinssu@ﬁ gvi ded a
met hod as f.in n cla 2.6 JUN 2006 Preferably, the device is
capabl e of T&agf? Bet I@ﬁEt 10’9& (h%sf“eﬁ*llréﬁ poYimilaupet. achided® thie dewictySB port
| EEE 1394 (a ebenflash 'ir?e‘MJr r d nmay be
flash mem)rL}/y read-onl y- ﬁ)eﬁg(g Oﬁl?%c%\f&yqﬁﬁé\d mré@gglsg&ﬁ%s%gggfy@éﬁ? USB
cont rol | er USihepnaroheis rnd e aricrogiontroller| fin adidiion, andatacohedresstomrgpidessi on and 5

deconpr Ssiy ine is.inclu the rtabl e device to

conpr esgl deg%ﬁrgs'sséona%gé{ledglq?ng’%{hé‘rpgg ﬁ(ﬁ“er“é(ir? ge\/‘é‘a %rom menmory. 2 6 JUN
2006 The pooinplebsdetepryss damiaser it Howaadirv@ie o frbs capnigct ed to a host
platform such as a personal conputer (PC) by a USB connector inserted into
the PC s USB port. |In one enbodinent, data to be saved to the portable
menory device is transmtted by the PCin the formof data packets to a
wor ki ng buffer in the portable nmenory device. 5 The conpressi on engi ne
retrieves the data fromthe buffer and conpresses each packet of data.
Conpressed data packets are stored in the flash nenory. To retrieve data,
the conpression/deconpression engine retrieves the data fromthe flash
menory and deconpresses it. The deconpression engi ne places the
deconpressed data in the working buffer where it is then transferred to
the host platform 10 Preferably, the conpression/ deconpression software is
| ocated in the ROMt hen
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" loaded into micro controller for execution. In an alternative enbodi nent,

" the' conpression/deconpression engine resides in an ASIC chip in the

. portable device. The conpression/deconpression features of 4he;posggbl e
device are invisible to the user. The user saves data but 1s not aware

that it is being conpressed. In an 15 alternative enbodi nent, the user is

aware of these features and enabl es/ di sables the conpression feature as

desired. D sabl{iRgdra81CAEMOE8SENVRR (TRAWBUS/T3S id dndiELeta Rist plaftbfgasi ng
the speed at which the data can be saved. BRI EF DESCRI PTI ON THE DRAW NGS
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o R 0 e f w ngs.

enbodi nment e rnventron W ef'erences ol'l'owm ng dra
Fig. 1 is thePlCdakhafoagrodmtaial paulsdts atd workingiatffes irathe poarakls nedma@andeeiobodi nent

of the portable nepory device according t he present inventjon and an
i | | ust riat i VRS COIBESSHIR ARG Teifys ¢ datp dropy ﬁ\.etbz?fef 14 LAMRIEISES SAChPBEK i agr am

t hat descr| ; hcat : eport abl e
momory devi aa e B e L e i e et e o
I S transm ddngaessictdgporpsasionnagisastdevies thehdatanfeorotye Béshtrhemmorandbl e nmenory

device. 30,3 26 JUN. 2006 03/ 102788 .PCT/ SA02/ 00086 Fig. 4. illustrates a
fl ow di agr%ﬁ‘f?’?’ﬁ%?ﬁsedé‘sgﬁ%‘gégo'ﬁ‘BWS@Bﬁﬁ?%g% c?fé%%g%cé?{}@aesﬁﬁ‘p@ﬂ%m%mry of a

portabl e nRERiNG Bl GehetSit RORES BRferkdd kA kkeEHsDRIRER TI ON OF THE | NVENTI ON
The present invention will now be described nore fully with reference to

t he 5 HcconpanyPméerahlmvihegempiessiomiledompression sefivaies Hicaed i thsfR@Methen
nventt on BL B Bherd B FRE Ue MYENH A TP OB imer 3n e DO €0 1 1
compression/decompression engine resides in an ASIC chip in the portable device.

The compression/decompression features of the portable device are invisible to
the user. The user saves data but is not aware that it is being compressed. In an

15 alternative embodiment, the user is aware of these features and enables/disables the
compression feature as desired. Disabling the compression feature has the effect of
increasing the speed at which the data can be saved.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects, features, and advantages of the present invention will be apparent

20  from the following detailed description of the preferred embodiment of the invention
with references to the following drawings.

Fig. 1 is a block diagram illustrating functional blocks of one embodiment of the
portable memory device according to the present invention and an illustrative
configuration thereof.

25 Fig. 2. illustrates a flow diagram that describes how the host platform
communicates commands to the portable memory device.

Fig. 3. illustrates a flow diagram that describes how data is transmitted,

compressed and saved to the memory of the portable memory device.

30



" construed as being limted to the enbodi nents set forth herein; rather

' these enbodinents are provided so that this disclosure is thor gqﬂnfg&s
. complete and fully conveys the invention to those skilled in the art.

I ndeed, the invention is intended to cover alternatives, nodifications 10
and equi valveady100188t hese enbodi nents, which are included wdhsao2iobds scope
and spirit of the _inventign as defined by the appended clains.
Furthernore, g thilusgateoaflay dirgram thay desgdbrsriiopt qompressed fata paved enthe

inventio L i set forth in order to provide a
t hor oughqﬁen e sf%H%it%gg%igﬁltoﬁle&g’?%sfge?ﬁcg{s‘%\iienti on. However, it is clear to
those of ordinary skill in the art that the present invention may be
pract i ce DETAHAR DRECREYEOIN QF TEEaAINBENTHONS ot her i nstances, well known

nmet hods, procedures, conponents, and circuits have not been described in

detail so as ] i bscur. spe of . t resent invention.
Figure 1 is a&g% B%Eengil%ggﬁr?%l? ﬁés{vf/(r%?i ?sﬁagﬁﬁﬁgieicr%ﬁ%fmglr%wg%? t@ehe

embodt mentcopdpahyifg dpwihgh irewhie N prafereld\enttR dishtsSyrbeimveitidnnte $Ho@e Mthe
invention. and an illustrative confi(%urati on thereof. Figure 1 shows a

port abl e PERSARSNGVEREQR BRY-Tvoveyar, bpampodisthinreany didsieidomapans howf npobe i t ti ng

subst anti i : i I d. vi.a uni versal seri al
pus. (Useyoored & B£8R bmbplinel S sERORFREER, e Buglf e BiiBendfielt <o
a USB porptovided s6 ittt ks diselbsyre iBooligh articohiptdte pdBfullp cm e tHe StkehtidSioa
per sonal con?ut er). In the preferred enbodinent, the connection is made
wi t hout \Wiasesigiledigheart-nlndeedh Hhedarsngian ipendss taco e gltamatives, Bedifraivns o a
powern oSupp Yoyialdri 3 chexd ehidpattled m%ta?é}l#lauésafggﬁnw scopO YR spRrttRipke
circurt 150 draws 25 power from hdst platform 1 and sefves as a power
sour ce f dnventiom asulsfinehipothe apgended clpimast dnktkerd®vd, dretheABlovRaEdetileg still to
.device 100 includes a controller 160,

Fi 1,, the,portabl e nmepor mcro., >
1 9ah molerUPdRet B pr s T i B Be b e SR B 5 E6iSH{OBRdR FECTOPIONEe | <

under st 0Qehdrblh WRHESAnERB b HelBe d i

M cropr ocessor. TSN ZSODg S\?\%ﬁg‘éé/h%‘lﬁ?ggév%%f’? gagcﬁ%ggtg@gée %@?\%ﬁ
enbodi neskill imthaartkhatghdprkfent inl6ftidnamiyoegiredicediwitheutslict pecidiniderlid.elh. 1 n an
alte glati e .enbodi mer]f t he rkin bcl{lffer 165 is I(c)icated out si de of the
i Cl‘i c oﬁg‘%wt&?cei’e‘%e known methods, pfocedures, components, and circuits have not been

described in detail so as not to unnecessarily obscure aspects of the present invention.

Figure 1 is a block diagram illustrating functional blocks of one embodiment of the
portable memory device and system of the present invention and an illustrative configuration
thereof. Figure 1 shows a portable memory device 100 (a small handheld device capable of

20  fitting substantially in a closed fist) that is connected via a universal serial bus (USB) port
IEEE 1394 (i.e., firewire) or similar port connector 40 to a USB port (or similar port) 192 of
the host platform 195 (such as a personal computer). In the preferred embodiment, the
connection is made without wire or cable interconnection. Host platform 195 is coupled to a
power supply circuit 150 located in portable device 100. Power supply circuit 150 draws

25  power from host platform 195 and serves as a power source for various components of

portable device 100.

Referring still to Figure 1, the portable memory device 100 includes a micro
controller 160, flash memory 180, and a data compression/decompression engine 190. Itis

understood that micro controller 160 could also be a general purpose microprocessor.
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" (e.g., inthe RAM 110). In the preferred enbodi nent, the working buffer has
16 kil obytes of capacity. 5 It should be appreciated that da&s G

... conpressi on/ deconpressi on engi ne 190 maybe inplenmented in va ot \f/%lys
within the scope of the present invention. In one enbodi nent,

conpr essi orVA&¥YaiBessi on engine 190 is inplenmented as fi rkARS@2805ed in a

non-vol atil e IM&EmbobiRe 4 Rofkikosuirbl 65 Beydatd id 8 mick enabig! repbodi nent,
data conpression/ deconpression engine 190 is inplenented as part of mcro

cont r ol | afterngive empodinent,ithe warkdngeyifes A6 ifi laeatad oussdmefabe minp dersmier 6% on
engine 1 IS .l e rocesspr _separate fro 1 C ntrol.ler
160, i n vkl HERABFESOE o R A RO REBaRRe ARG Buine SO aR I £ pfihes e
conpr essicgiacgconpr essi on engine 190 is not required to reside in a
particular Jlocation in the portable device 100. Instead, where

conpr essi on/ deconpressi on engine 190 is to be placed is a design choice,
t hus af f or di néij@&ﬁ@ﬁapmré%mgmaﬁ gatg gorgpiiessiefl decampression prdinsatd0onaybes i n

which th : L il 3 i ; essi on
engi ne 1500 cmanrt i KRAL WADs fRfin't dibhy bEARCpre TR BRI AShe BBRIAN o
pl at f or mcdrapressiory/desomprdssibh engienb@0yis deplemented@s fiffineard atozed i a nonaoidtiés red in

the formof d ket s passed 0 a USB hus, The, data
conpr essi“&ﬁp%mgﬁogﬁ 8%5“%%8%@%?#?@\?@’@3%@@&{% from the working
buf f er 1@&nﬁx@ssﬁ&ﬂ&cﬁﬁa‘pl@ési@ﬂ%g@ﬁﬁiﬁis%pl@m@h’c@@}:s SR SRR &%fr@ﬁertlrﬁg. gata. In

the preferred enbodi nent, th ata 1s conpressed to 50% of 1ts original
si ze.10Thutll anotees ketbodiinefif, 2 omptessiow/flecdatpaeswivh kndige 19bismelesedted as 256 byt es.

After conpression, the data is stor to the flash, ry 180 The

conpr ess gg’:‘i?ﬁ%‘c?‘?%‘?@ SRS WI%‘H&H@I%Q%&I%I Ié‘d’“&?éé"(?ﬁ%r 8’@1@8 3q08° St 'BF BEESEW t he
flash nmgRe 1 : : (s t fi : 25 In
this enbodi l,rirtgorrllf,&q{l esjsf)%[??égglin?%gw%éﬁ?%]%odggéﬂgq%%% t%gé\?lﬁ%égté:g%%r&gﬁ er 130,

whi ch  séocetiom incheportablel detvive 100ntsrhd arliconcdnetressmn/dscohprosseonckegined 900 and
host platform 195 uch .as a,USB.conpati.bl e PC havin USB hqst ..

cCont r ol | GrOSAsE s SR P, TUT ETEHOE SSpt oGS, Qe SRR BFEOTevi ce
100 QBSOidwﬁiENdﬁzqr&eHQh%dtﬂoﬁcHEH@ﬁMize&.ZO and a non-volatile menory 110. In
a preferred enbodi nent, volatile nmenory 120 is a 30 random access nenory

(RAM that serves as a working nmenory for micro controller 160
Data compression/decompression engine 190 compresses data after the data is

transferred from the host platform 195 to the portable memory device 100. The data is
transferred in the form of data packets passed along a USB bus. The data
compression/decompression engine 190 retrieves the data from the working buffer 165

20  (typically one sector at a time) and compresses the data. In the preferred embodiment, the
data is compressed to 50% of its original size. Thus a packet of 512 bytes of data will be
compressed to 256 bytes. After compression, the data is stored to the flash memory 180.
The compression/decompression engine 190 also decompresses data stored to the flash

memory 180 and transfers the data to the host platform 195.

25 In this embodiment, the portable device includes a USB device controller 130, which
serves to control the communication between portable device 100 and host platform 195, such

as a USB-compatible PC having a USB host controller 197 therein.

With reference still to Figure 1, portable device 100 also includes a volatile memory
120 and a non-volatile memory 110. In a preferred embodiment, volatile memory 120 is a

30 random access memory (RAM) that serves as a working memory for micro controller 160
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-5 2 6 JUN 2006 WD 03/102788 PCT/ SG02/ 00086 during its operation.
Non-vol atile menmory 110 is a read-only nmenmory (ROM in this eg?odi ment and

... can be used to store firmvare that perforns various functions e
b d fi h f f i 28|
~nmenory devige 100.. Additionally, in this enbodinent, portépélz %{’ %g 100
includes a.rvi-|te-protect sSwt 0. whi Gl | RPN gers
m cro corcli T ’Itseépeiaégmt t(IJ\FO er°3 t\l%gl\?\}npaeﬁg)é?:ggggpglngrg%ﬁgr&%ﬁ)} b. It should

be appr eeimdbéichehhaid canibk @sqaftotswed fisnware fthal & forink kerious functions of portable
conpr essi on/ deconpr essi on engi ne 190, nay be inplenented in various ways
wi thin t ReMes¥epacor00 he present invention. For exanple, write-protect
switch 170 can be inplenented by software (e.g., firmvare stored in a

non-vol atile mganfomliy,%%thpsaénsbog}‘r?%m,c%ogtgsmwieé 16 indi6s a%iég;r&@ct%wﬂwcessor

unit separate fromm'cro contro r . I'n an alternative énbodi nent, the
wr i t e5pr afeehichwivhahactivéted ariggees miaraperatollswi 60ah dwhble britsagrassualflesh oper at ed

by the user. | rr | referred enbodi nent .as.4J|.Justrated in Figure
1, mecr oﬁ‘fe&f’é%g%(f I(i%5’&2E)%%’rpgqC?tﬁf{efﬁft()“(féte'c?&ﬂf)cg%‘é(ﬁf}%f7(9f llIﬁeor tabl e device 100,
i ncl udi ngoSksfsVi&npaitibrReh8he 1530 may BOMhAIEReniad th RAMsL WA s(ifh execut i on
of firmvare code stored therein). 15 Optionally, portable device 100

further iscapewdés presemBnpention( RenexgmplanritapipterisswiishdvP arubeismplereasinddii ent
o o SHReE g Bt PET ol R 4R B bR QU AL RSl oo T

portabl e® one | fiver so

shown), apRbideadsbOhitdepaaR I iidro teitfaRe160( ARk) alfadtiva Rmbbdingad teoni t or i ng
sof tware (not shown) reside in the host platform 195 and 20 conmmuni cate
Wit h USB vhise-prateshswiseh ET0 cpg be g snanueliswitch pdichiemapiatly opeated by gisiusebl e devi ce
100. The architecture of a portable data storage device is described in

U. S. Patent I L i . : il e Yé 160

Bi onetrics- Bazxg%)cﬁet%ﬂg%ﬁfga di eynb%g&pégél)ﬁ#g%@'lp\yfﬁ é’g@ r%?ce(%o 898, 365,
filed oncdntals Gariod®0dmpotttnisiof pbifblddedvit10Aiptliudiag USB degist icodtendlel Bt abl e
Dat a Storage Device Capabhle of Bejng Directly Oonng&tereeqn)\ﬁ a USB Plug 25 to

a Conput &Ml 0 and &AM 12Qdandpye@itiign pf rmware code store

15 Optionally, portable device 100 further includes a USB port (not shown) that is

provided as a convenient feature that can be used to couple other USB-compatible device(s)

to the portable device 100 via USB.

In one embodiment, driver software (not shown), application programming interface
(API) (not shown) and monitoring software (not shown) reside in the host platform 195 and

20 communicate with USB host controller 197 to facilitate the operation of portable device 100.

The architecture of a portable data storage device is described in U.S. Patent
application entitled “A Portable Device Having Biometrics-Based Authentication
Capabilities” with Ser. No. 09/898,365, filed on July 3, 2001 and in U.S. Patent Application
entitled “Portable Data Storage Device Capable of Being Directly Connected Via USB Plug

25  to a Computer” with Serial No. 09/803,173.

Figure 2 illustrates a flow diagram of the operation that occurs when the user
connects the portable device 100 to the host platform 195 (step 205) and initiates the saving
of data to the portable device 100. In step 205, upon being coupled to a host platform 195,

portable device 100 undergoes an initialization procedure. In a currently preferred
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" Figure 2 illustrates a flow diagram of the operation that occurs when the

user connects the portable device 100 to the host pl atforgoéwﬁj (Zﬂbgp 205)
.and initiates the saving of data to the portable device 100: i p 205,
upon being coupled to a host platform 195, portable devi ngder goes
an initial W?d?ﬁ%ssprocedure. In a currently preferred -6 %EEHS_%NH’Q 06 WO
03/ 102788mBElimsSE) the (oo 8bzatinh owcedune invelyes eyattlisking sempmynicgiascuiguhe pHvol ves

establishjng c ni catio | o] [ t he
ot pl aPPOP TOEH ey g iS5 i AR TS RCe POPHESHRfh

t her et 0. c4ipsdd thératof Gldst flaGornerpiastsessaemice frofnroneple devibé 20Mewicoding00 by
sendi ng request packets to USB host gﬁtg{iol | er ﬂl)%?.g USB host E%ntrol | er
197 t r an&aress Pprkelsde 5B hast enrgrlleids7p o lled I SRREBESPKED.  Port abl e
devi ce 1000 IRASIPEER 20T VSBicOkRcioPRE 2pArBR EYEE 105:HER B WiFibly NG OF
erasihg coupl e th conpressing and deconpressing data fromor to flash
menmory 13ferations stetpas2ddiinghositinp loatfasingrd@iedraivh umpiesaingegd dstompsespioet abl e
menory device 100 to. wite tato flash menory 180 in the formof a wite
command. 9ptA Loy t9 fiash [ERey, prol ler 10 130 receives wite conmmand. Wite
command typically indicates the nunber of packets of data to follow that

are to be savggstef? @YR6st Blattoti395 afagsert  lequestioagtiable afertonedoperi@diton t hat

occurs when data is transferred to the portable device t conpr,essed
and wri t thsite dasa tonidash meserynb$binthg fm °fﬁd§fﬂteﬁPr8F‘P‘6‘Eanf%’ ?tlgaﬁgﬁic npqéleef i rst

d SB. : i i
accolBandsd P RS Sy orBlarR oty RS R BRPP IR oF ot o

one sect @rta®d oMy 06 tobkRated es. I n an alternative enbodi nent, in
accordance with USB standard 1.1, each data packet is 64 bytes. USB

Controll er 130.receiyes packet of data . from hos | at f or.m .(step 305).

USB control | gfgufgglll;{‘t‘sérﬁ'gﬁf‘ ¥ ?%a’Bé’?k@toPF@ l%h‘ﬁ{)%éurﬁlﬁ}*eggdg%éé (slto ep 3)10).

I'n the pﬁx‘aﬁg&&%%ﬂﬁ @m@@e@s to MOk stk Ro BRITIARhitnRry1E8d. Tum of 16
wor

ki | obyt es of dat a. king buffer 165 reaches maxi num capacity and can
no | ongertost plaoradtis: trapmmlts o &irsy dateipagket todJ B gentroller 130 (step 303). Inone

15 embodiment, in accordance with the USB 2.0 standard, each data packet is the equivalent of

one sector of memory or 512 bytes. In an alternative embodiment, in accordance with USB

standard 1.1, each data packet is 64 bytes.
USB Controller 130 receives packet of data from host platform 195 (step 305). USB

controller 130 transmits data packet to working buffer 165 (step 310). Inthe preferred
20 embodiment, working buffer 165 can hold a maximum of 16 kilobytes of data. If working
buffer 165 reaches maximum capacity and can no longer store additional data, then the next
data packet may be rejected and a negative acknowledgement (NAK) communication is sent
by micro controller 160 to host controller 195 indicating that the rejected data packet was not
received (steps 312 and 313). Host controller 195 then retransmiis rejected data packet (step
25  303). This process of packet rejection and retransmission continues until the working buffer

165 has capacity to accept an additional data packet (step 314).

Micro controller 160 executes data compression/decompression engine 190 (Step
315). Compression/decompression engine 190 operates on packets of data stored in working
buffer 165 (Step 320) in a First In/First Out scheme whereby data packets are compressed in
30 the order that they are stored to working buffer 165 with the first packet stored in working

buffer 165 being the first to be compressed and transferred to flash memory 180. In the

-7



" data packet may be rejected and a negative acknow edgenent ( NAK)
conmuni cation is sent by mcro controller 160 to host controll rs %@g 2006
.indicating that the rejected data packet was not received (ste(;?s

313) . Host @M/ {¢9¥gser 195 then retransnits rejected data p@&l;f‘g SosdsEP 25
303). Thige g‘@%g@rﬁo&%g@g&@‘is Jo%iﬁ&sfsé@% B0 I8l RIRAN dgé'mhé? Layles unti|

t he wor ki as capacity to accept an additi ona‘lqrgc?ata packet

(step 314émbdﬁl1mem wh)amtcrprefaltmg oﬂxﬁﬂjmé@wtaaﬂardaiommmpnesgnomuj(memmrtess| on
engi ne 190 (Step i,on/ deconpr essi on engi ne 190 operates on

packets ofomPAESs og? a%cga (ﬂc?o SRPﬁgata Bl s g aftgpativesmfodiment ienst
In/First Gtasglaik M@Brlexbgfarm@;@c&ﬁgﬂesst@ é}{oﬁzqumégﬁﬁt%ﬁ% dompalls 6B ByRk sler

that they ‘are Stored to working buf 165 with the first packet stored in
wor ki rig dntﬁ ftartime Coreprmagsed Id@taﬂfi sayed todflask memopr B305Stepaxdd)-t r ansf erred to
flash nmenory 180. In the -7 2 6 JUN 2006 WD 03/102788 PCT/ S@G2/ 00086

preferred enbaggi t i 1 ficht i.Ql si ze.

the preferr ed%éﬁgﬁd{l E}Pg?]l{gai & [gﬁoq%ggﬁ%ﬁﬁbocﬁ%go@f%éégl g‘@% g%l(g%}?é 3

conpr essi @fbditgénethd Bkt ppefoah €mdiBer) amNE@SS tigd ehestred iobein t@mpitsed) Tof dat a
at atinme. In an alternative empodi nent, when operating on the USB 1.1

st andar d, thebmp@éf@mrﬁaém@pﬁ@s 10011 eseeratreibe flashynemewd80 83 ifihe data weremodat a at
a tine. Cc% (Iql ég .bga/yt?%gﬁ\{)ﬁq:ob%rgs J!ﬁtz{%@t{fgod)']'%&%&%Bre%&?)data%m)r y

mappi ng |s mcro erred
enbodimenwnttémte tlliEDﬁrtst ekt houhh dpaed tm&er}ﬂosta:bmmlreamﬁléohéwamré etodalm | s bei ng

conpressed.. . To he. host pl or da a a ears to fill sectors in
flash merSRyy TS s Pmpps %%{r ﬁ%ﬁaﬁi Bsare toihalf the ssqior e atof

non- conpr@ss8de H@éd@d REthS&R4 E?Jd) it n&meén Cé(’)rﬂ;?ééé& eﬁuﬁ@ﬁ@secé& PekdibPBad O the

first sector woul d appear to the host roller to fill one entire sector.
I n real idfier ittiheonoaessed ﬁ“omcﬁ’rﬁrb&tcsecd')ff&b},m%mw #leo E@@Vb@'toeti;e firstisdcors@oed to
hal f the segctor space t hat ld b thedt had it not. been
Conpr easelt Mo auTIES S Bho A e e s ey e o B sk ubod t r om
512 byt €Sapheard®Be DiE& & thEBCoAd §&t3}e s%ﬁmi, fh@f‘tr:h@aﬂca'p'é@l@et §6/68 & secdridl seéthe host
controller, the second data packet, inreality is saved to the first
sector, willappearsppesaved 1 the thiraseror @ldtth@se%@b%asaé taveddp ihe s§pand  t he

first data Regkel, SaMEd. LR eass BRdosartor.

Typically standard 2 bit error detection and 1 bit correction mechanisms are

employed.

20 If there is another packet of data, then host controller 195 transmits the packet of data
to USB controller 130 (step 335 and 303). Data compression engine 190 continues to
compress additional packets of data stored to working buffer 165 (step 320). When there are

no more data packets to be compressed, then the data compression and storage session ends.

Figure 4 illustrates the steps by which data is retrieved from the memory 180 of the

25  portable memory device 100 and decompressed.

In step 410, user connects the portable device 100 to a host platform 195. In step 410,
upon being coupled to a host platform 193, portable device 100 may undergo the initialization
procedure described previously. Host platform 195 requests services from portable device
100 by sending request packets to USB host controller 197. USB host controller 197

30 transmits packets through USB port 192 to USB connector 140.
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" will appear to be saved to the third sector and the second data packet

' saved to the second sector will appear to be saved to the fourth sector.

. Typically standard 2 bit error detection and 1 bit correction ngehgyN 2088
are enployed. 20 If there is another packet of data, then host controller
195 transnmits the packet of data to USB controller 130 (step 335 and 303).
Dat a conpression engi ne 190 continues to conpress additional packets of
data stored to Weskplagolmufl9®mag6&nd stegpesd&Oportabliedevidedne taked dag nore dat a

kets to_ b e d, then the.data conpression _and storage session
gﬁgs.e Is:i garreeq%ﬁgt?gggg?&gft%%4?@én§liee§9§n apadaemand. (S8 eentiadiead3d r om t he

menmory 180 r@kivieB ehe réal 8HhhaR! ‘tém5.ngﬂ/éogr§n§1%ﬁai@gtegFh%??%;tlﬁ)]ﬁ%gg?e c{a?a step

410, user connects the portable device 100 to a host pla _ n step
410, upon ibékdlgsk mepiosd 18®and musberpff aadkersmf 196, to por¢aablRecaeeilost 100 may

under go.t he,iAitiaki [ ure described previousl Host platform
195 r gqaes? lsaltf}sag% vllgé é% arw%% tph(%g ?%%%ecoajé)\ﬁsé% : tlforﬁacgﬁorglé‘ﬁiﬁ P‘Yé] FEEE St packet s
t 0 USB hosthat oot abdessarilPih the)SRtdraatwhicthe dbstglathdmh BB Belian&i Hopepapket s

th h USB port 192 to USB conpector 140, -8 2 6 JUN 2006 Host platform
19r50lrjrgy seﬁﬁJ)‘%P‘F’eadL?i%Psﬁﬂg Pb%’r‘?%g‘ivéheoﬁmr@éiaima*ﬁa Mo inaeadity sequrssived by
user (step2@ordhal s thOriFs Mctét, ﬁﬂﬂ%ﬁ%ﬁ@hosygﬁtmﬁp 'i?é L@%av&% % rfhreecel ves
the read command (step 425). Read conmmand indicates the location of the

data in théecohdsertoreomyladBohaficst dalabecrkeoﬁavpdd:d(ﬂicsnd)ﬁec(t&tv@illtatpgm td;l Bad. |
B h atform 195 i.s unaware that data is conpressed, the rea
cgﬁﬁ;ﬁgo vm'o {%vergé(gthgstﬁlr%ﬁic T af‘ﬂi‘ee ?e§°?f{>‘$at?18%°(%§‘ssél?'i"i {p th, S?‘}ﬁ’égéé‘ﬁ‘t’ro‘ﬂui n whi ch
the host phgichptobeldbedel the¥asthisectol Plus, K plaBXARI B5 B8 r‘ég&%’ﬁﬁ?d
previously, the second data packet, which inreality is saved to "the

second hai fndypte that & pareularpacket of Wetalis sippsdde thepeedra seotor, wlmane motehkity, 195 be
Second sector”ey [ Mg ek Heir Sulty il setion PF sl ol ehhe -REE S e
second dat apgacketregave deduostbd data deonflashantmoryWislin aedaR@aike 9thige saved to
the ToutR SRR whidh 1 wad SedQuedp M © 199 data request may
In step 430, micro controller 160 executes data compression/decompression
engine 190. Compression/decompression engine 190 retrieves packets of requested data
from flash memory 180 (step 445). Compression/decompression engine 190 acts to
decompress dates (step 447). Decompressed data is transferred to working buffer 165
20 (step 450). Decompressed data is transferred to USB controller 130 (step 455). In step
460, data packet is transferred to the memory (e.g., RAM) of the host platform 195.
Data compression/decompression engine 190 continues to retrieve and
decompress data from flash memory 180 until all data requested has been decompressed
and transferred to host platform 195.
25 Alternatively, host platform 195 may send a request to portable device 100 to
read directory of data stored to flash memory 180. User can then view directory on host
platform 195 to determine which data user wishes to retrieve from flash memory 180.
It is to be understood that the above description is only of the preferred

embodiments of the invention. One skilled in the art may devise numerous other

30 arrangements without departing from the scope of protection conferred by the claims.
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indicate that a particul ar packet of data is stored to the second sector,
where in reality, it 1is stored to the second half of the first sector. To
. account for this, mcro controller 160 operates to retrieve requgsjigdata
fromflash menory 180 in accordance with the 15 manner in which it was
saved (step 325). In step 430, mcro controller 160 executes data

conpr essi on/ deconpressi on engi ne 190. Conpressi on/ deconpressi on engi ne 190
retrieves packgMs of requested data fromflash nenory 180 (step 445).

Conpr essi on/ deconpressi on engi ne 190 acts to deconpress dates (step 447).

Deconpressed data is,t fer rKi buffer 165 20 (step 450).
Deconpr essed da?'a isﬁé@%&fﬁ?#ﬁ% cﬁaga %Ogﬁgﬁgék’?eoﬁ’al"é?g 130 (step 455). In step

460, data packet is transfeLred &% Eﬁﬁanennr (ﬁ.q. RAM of the host
platform 195. Data BORPFEELTER) BSLGINGY serrcstor adgptebiorthe storse idavies the
retrieve and deconpress data fromflash nmenory 180 until all data requested
has been déedsirapakle@f being direethsdoaneater! tom dootutqsivaa the comie@tor t@ Beceive

Al ternatively, host platform 195 may send a request to portable device 100

to readl diatedt teyomi oflddtapsikersethetsrideakhicomnidind:80. User can then view
directory on host platform 195 to determ ne which data user w shes to

tri f flash - . that th b
retrieve fromfl as H?lﬁg{%eﬂq%@hdxﬁn déﬁés%g%igﬁg%%ﬁ%%%?h a e above

description is only of the preferr e invention. One
skilled in the art na§ p%yise nuner aus ot her 30 arrangenents w thout
departing fromthe s€opé BFPEFOFPREPS B conferred by the clainms. 9 2 6 JUN
2006. CLAIMS A unitaryéﬁortable dat a stor%§§ devi ce havi ng a universal
serial bus (USB) conHEcatycompipisin angine sapablepfxgmmiessingeach ofibe datevi ce
capabl e of being directly connected to a conputer via the connector to
recei ve 5 paketsitofarinerespectivofomipriessepdetadn the fohe ost@np@esed @viagrckdieloddi ng: a
flash nenory having a first storage capacity; and a data conpression
€ngi Nel0  storage in the flash memory so that the capacity of the flash memory exceeds the first
storage capacity.
2. The unitary portable data storage device according to claim 1, further
comprising a data decompression engine capable of decompressing compressed data
stored to the memory of the portable device.
15 3. The unitary portable device according to claim 1 wherein a user thereof is
not aware that the data is being compressed.

4, The unitary portable device according to claim 1 wherein each of the data
packets is compressed to 50 percent of its original size.
5. The unitary portable device according to claim 1 wherein the capacity of

20  the memory is increased by 100% as a result of compressing the data packets into

compressed data packets.
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" the data conpression engi ne capabl e of conpressing each of the data
packets to formrespective conpressed data in the form of conpressed data
. packets for 10 storage in the flash nmenory so that the capaqigt yypfzishe
flash nmenory exceeds the first storage capacity. 2. The unitary portable
data storage device according to claim1, further conprising a data
deconpr essi on engi ne capabl e of deconpressing conpressed data stored to

the menory of tge porhabhRadPvhscRe ddAcSacclRndidi iy R 12hLes df itﬁagaat ais

according to claiml wherein a user thereof I's not aware that the

bei ng Comhﬁg@%@ag@%w% @E l@%@tcgghgesggxielggq?gccor ding to claiml

wherei n eac ata packets I's comnpresse 0 50 percent of its
original size. 5. Thg unitary portable devjce according to claim]| wherein
the capacity of§'20 ?h@e%@ﬁ8¥§8PB“?$ﬁﬁ@%%é B 3@ GOBRESIAS (hesiieRs abt
conpressing the data packets into conpressed data packets. - 10 2 6 JUN

2006 6. The unifary poeetsloanersing@eoneble ddiarstprage devaierto thearothranmiemipad such
that a user thereof can enable and di sable the conpression engine. 7. A

met hod f perpr &6t Mlatibamaia b 06ivERENRAIGRIIRbASICRS; t he steps of @ (a)
directly connecting a portable data storage device to the conmunication 5

port of a host atf Vi RV I connectar,  (b), receiving
data fromthe cgd%mn?%ggt‘;{%ag%ﬁp fnatgé g&g?}ﬁglgl‘rlﬁ%onf&ogg?saa %f'fg e&';djata R%B(ets’
executing a datga,conpression .engine residing on. the rtabl e storage
devi ce; (d) congcr)esm’ﬁeﬁu hga ddip 0‘385‘?@9'%e'ﬁlg‘?/fea'éiépgo‘ifpﬁﬁé’fm?@eﬁ‘@ﬁﬁe
respective_ 10 deconpressed data packets; and (e) saving the conpressed
dat a packefl®'$% the nenory of the portable device. 8. A method according
to claim7 wherein the user thereof is not aware that

(d) compressing the data packets provided by host to form respective

10 decompressed data packets; and
(e) saving the compressed data packets to the memory of the portable device.
8. A method according to claim 7 wherein the user thereof is not aware that
the data is being compressed.
9. A method according to claim 7 wherein the compressing step comprises
15 compressing each of the data packets to 50 percent of its original size.
10. A method according to claim 7 wherein the compressing step results in
increasing the capacity of the memory by 100%.
1. A method according to claim 7 and including the additional step of
enabling or disabling the compression engine.
20 12 A method of decompressing compressed data packets saved to the

memory of the portable memory device, the method comprising the steps of:
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the data is being conpressed. 9. A nethod according to claim7 wherein the
corfpressing step conprises 15 conpressing each of the data packets to 50

- percent of its original size. 10. A nethod according to clain2& Juneesss n t he

conpressing step results in increasing the capacity of the nmenory by 100%
11. A method according to claim7 and including the additional step of
enabling or disabling the conpression engine. 20 12. A nethod of

deconpr essi ng cGpr essetcdag thepackiet damaueabet devicheirconmracopimukicatiar t abl e
menory device, the method conprising the steps of. -11 2 6 JUN 2006 (a)

connect i NgpbABf BRTHABNE WRIEHRT AGRVASH s8I Hut BOLRY L0 a communi cation

port of the personal conputer via a universal serial’ bus (USB); (b)

executing a datg.conpression/deconpressi gn engi ne residing. on the portable
storage devi ce; a’a?nd x‘?cgf‘ng Efi?‘iaé\‘}’lnr%"sf‘Hﬁ&ﬁ%‘%&?ﬁ%’&“@%éeﬁé@gé’f‘éhﬁf romthe

menory of the portable data storage device; (d) deconpressing the data
packet s t o PPIRbAS slergedeyios adconpr essed data packets; and (e) transmitting
t he deconpressed data packets to the host platform 10 13. The nethod as in

claim 12 and i n@)udi rgrieWieg addiohiparadd dtepacbts ERabibciem&y odiwaPliapg t he
conpressi on engl ne.

data storage device;

(d) decompressing the data packets to form respective decompressed data

packets; and

(e) transmitting the decompressed data packets to the host platform.
10 13. The method as in claim 12 and including the additional step of enabling

or disabling the compression engine.
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