|  MEMORY CARD Field of the Invention [0001] The present invention
generally relates to nenory cards for data storage, and nore particularly
to a menory card enabling a user to store and transfer data in various
formats. Background of the Invention [0002] Non-vol atile storage devices
such as nenory cards have becone incréasingly popul ar because they are
conpact in size, have |large storage capacities, and are conpatible with

di fferent electronic devices sucMEM@RYSGARD conputers (PCs) and personal
digital assistants (PDAs). Sonme well-known nenory cards are the

Mul ti Medi aCard (MMC), the Secure Digital (SD) nenory card, and the Menory
Stick (MS) menory card. [0003] rRegbflie IRSbm§o® St Or age device, a nenory
card serves as a neans for transferring data between different electronic
devi ces. The nenory card provides high- speed reading and witing of data
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menory that serve s.the storage di.um For exanple, a high-speed nenory
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oper at i ngormiidle. In an age where data is stored and transferred in | arge
vol unes, the advantage of high-speed data transfers contributes
significantly to the popularity of the nenory card. However, one of the
constraints faced by consuneng ks th ifferent nenory cards have
different interfaces and con%%ciﬁ(gﬁ?q'@loﬂbgﬁ%‘&e&“g? whi ch makes it difficult
for the consumers to transfer data between the different types of nenory
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device such as a digital canmera rs usually designed with a particular
menory cakdedsmedy pepdardhegausertheih g ommacpingizee bive lafge Heragel capaciiescander a
uses a . [ f nd. conmuni cation protocol . th t her
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cards. ThéIENcd1aCagdeVIMG). the Seane dyeitet (GPA memmy @Eb|and the Memory Stick
(MS) memory card.
[0003] Besides being a storage device, a memory card serves as a means for

transferring data between different electronic devices. The memory card provides high-
speed reading and writing of data to an internal memory, where the internal memory is
volatile solid-state memory that serves as the storage medium. For example, a high-speed
memory card can provide a data transfer rate of up to 100 Mbps depending on its operating
mode. In an age where data is stored and transferred in large volumes, the advantage of
high-speed data transfers contributes significantly to the popularity of the memory card.
However, one of the constraints faced by consumers is that different memory cards have
different interfaces and communication protocols, which makes it difficult for the
consumers to transfer data between the different types of memory cards and the desired
electronic devices. For example, an electronic device such as a digital camera is usually
designed with a particular memory card interface and communication protocol. If the
digital camera uses a MS memory card interface and communication protocol, then other
types of memory cards such as MMC and SD would not be able to transfer data to or from
the digital camera.

[0004] A universal memory card reader is typically used to transfer data between a

PC and various types of memory cards. The card reader is coupled to PC via a USB cable,



2 and has a plurality of slots to interface with various types of nenory
cards such as MMC, SD, Ms, etc. The card reader can be an internal or
external component of the PC. Although the card reader provides a standard
interface for various types of nenory cards, it has certain drawbacks. For
exanmpl e, the universal USB reader is restricted to data transfer between
menory cards and the PC. Ot her electronic devices, such as digital
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a user to store and transfer data in various formats. [0007] Accordingly,
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an el ectroni i<ce. 4he ry card conprising: an input/output (1/0
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m cro-control l.er receives the response signal, it activates an appropriate
engi ne f PETFPHE Y urality of engines to transfer data based on the
response signal; and a nenory nodul e electrically coupled to the plurality
of engines for storing data. 3 Brief Description of the Draw ngs

Summary of the Invention

[0006] The present invention provides a memory card that enables a user to store
and transfer data in various formats.

[0007] Accordingly, in one aspect, the present invention provides a memory card
for use with an electronic device, the memory card comprising: an input/output (I/0)
interface for coupling the memory card to the electronic device; a card controller
electrically coupled to the I/O interface, the card controller comprising: a plurality of
engines configured to operate in different formats; format detecting means for detecting
the format of the electronic device and generating a response signal indicating the format
of the electronic device; and a micro-controller electrically coupled to the plurality of
engines and the format detecting means, wherein when the micro-controller receives the
response signal, it activates an appropriate engine from the plurality of engines to transfer
data based on the response signal; and a memory module electrically coupled to the

plurality of engines for storing data.



[ 0008] Preferred enbodi nents according to the present invention will now be
described with reference to the Figures, in which |ike reference nuneral s
denote like elenents. [0009] FIG 1 is a block diagramof the Super Storage
Compact (SSC) nenory card in accordance with one enbodi nent of the present
invention. [0010] FIG2 is a circuit bldck diagramof the SSC card
controller in accordance wth one enbodi nent. of the present invention.
[0011] FIG 3 is the bl ock dBeigf PesceiptioncofSREDEA@ings i n accordance wi th one
enbodi nent of the present invention. [0012] FIG 4 is the block di agram of
the half frequency data clocked engine in FIG 3. [0013] FIG5 is the block
di agr am d9908he dat &refered gambodinents ascadimgsto thgongpent|imyation wijl now be
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when dat @lengents ansferred froman electronic device to the SSC nmenory card.

[0016] FIG8 is a f| chart of the data flow when_the data is transferred
from t he [9088c nenDIF)Lg\é\{ béfz?kai\agéﬁ@@e‘ thsnyuper atprzags. Cquoppet {SSE) aanery card
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enbodi nent of the present 1nvention. 10 is an illustrative
di agr am @§@010he SSCFIG Ustacipeudt Wodt diagrame o6 thta$E candi ¢dntroter mrdvoockidameet  of

t he present inventi,on. 19] FIG 11 js an illustrative diagramof the
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protocol in accordance wth one enbodi nent of the present invention.
[0021] Flembediment ghthepressntrinvénfiondi agr am of the SSC-8 data protocol using
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[0013] FIG 5 is the block diagram of the data storage engine in FIG 4.
[0014] FIG 6 is an illustrative diagram showing the conversion of data by the data
multiplexer engine in FIG 4.
[0015] FIG 7 is a flow chart of the data flow wheﬁ data is transferred from an
electronic device to the SSC memory card.
[0016] FIG 8 is a flow chart of the data flow when the data is transferred from the
SSC memory card to an electronic device.
[0017] FIG 9 is an illustrative diagram of the SSC command protocol in
accordance with one embodiment of the present invention.
[0018] FIG 10 is an illustrative diagram of the SSC-1 data protocol in accordance
with one embodiment of the present invention.
[0019] FIG 11 is an illustrative diagram of the SSC-4 data protocol in accordance
with one embodiment of the present invention.
[0020] FIG 12 is an illustrative diagram of the SSC-8 data protocol in accordance
with one embodiment of the present invention.
[0021] FIG 13 is an illustrative diagram of the SSC-8 data protocol using the half
frequency data clock engine.
[0022] FIG 14 is an illustrative diagram of the data capture using two internal

clocks by the SSC memory card.



4 Detailed Description of the Invention [0023] The present invention nmay
be understood nore readily by reference to the follow ng detailed
description of certain enbodi ments of the invention. [0024] The present

i nvention provides a nenory card that enables a user to store and transfer
data in various formats or protocols suth as MultiMediaCard (M\C), Secure
Digital (SD), and Menory Stick (M5). FIG 1 shows a bl ock diagram of the
menory card, referred herBetailkd ®esadptiheoShpdnvditiphage Conpact ( SSC)
menory card 1. The SSC nenory card 1 conprises an input/output (1/0

interface 10, a SSC card controller 20, and a nenory nodule 30. The 1/0O
interfacdo9lis el ohernresent jrvention By ths wkerstogd reere deadslyrhyr tsfarace 1o thind
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144, and a mcro-controller unit (MCU) 190. The plurality of controllers
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[0025] FIG 2 illustrates the circuit block diagram of the SSC card controller 20
comprising a plurality of controllers 110, a serial to parallel interface 122, a card-side
interface 124, a card mode and clock control unit 130, a memory interface 142, a memory-
side interface 144, and a micro-controller unit (MCU) 190. The plurality of controllers
110 comprise a first controller 111 and a second controller 112, wherein the first controller
111 is configured to operate in SSC, SD, and SPI modes/formats and the second controller
112 is configured to operate in MS and MS Pro modes/formats. It is contemplated that the
plurality of controllers 110 are not limited to operating in SSC, SD, SPI, MS and MS Pro
modes/formats but may also be configured to operate in other forms of card
modes/formats.
[0026] Specifically, the first controller 111 comprises a SSC engine 180, a SD
engine 182 and a SPI engine 184, wherein the SSC engine 180 supports the SSC-1, SSC-4
and SSC-8 communication protocols, the SD engine 182 supports the SD-1, SD-4 and SPI
communication protocols, and the SPI engine 184 supports the SPI communication

protocol. For the first controller 111, the SSC engine 180, SD engine 182 and SPI engine

184 have similar communication protocols which are illustrated in Table 1 below. Hence,



conmmuni cation protocols, and the SPI engine 184 supports the SPI

communi cation protocol. For the first controller 111, the SSC engi ne 180,
SD engi ne 182 and SPI engine 184 have simlar conmmunication protocols
which are illustrated in Table 1 below._Hence, 5 the SSC engi ne 180, SD
engi ne 182 and SPI engi ne 184 can be dexsi gned to share the sanme physical
resources in order to reduce the chip size of the first controller 111.
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[0029] Table 2, Communication protocol for the second controller
MS Engine MS PRO Engine
MS Mode v v
MS PRO Mode v
[0030] The plurality of controllers 110 are electrically coupled to the serial to

parallel interface 122, wherein the serial to parallel interface 122 is electrically coupled to
the card-side interface 124. The card-side interface 124 serves as a mechanical connection
between the I/O interface 10 and the SSC card controller 20. Furthermore, the serial to
parallel interface 122 is provided to convert serial data format from the card-side interface
124 to parallel data format for processing by the plurality of controllers 110.

[0031] The plurality of controllers 110 are electrically coupled to the memory
interface 142 via a data multiplexer/ de-multiplexer 146, wherein the memory interface
142 is electrically coupled to the memory-side interface 144. The memory-side interface
144 serves as a mechanical connection between the SSC card controller 20 and the
memory module 30. The memory interface 142 can be configured to read the information
of the memory module 30 such as ID and manufacture information, and transmit the
information to the MCU 190. The MCU 190 can be a DP8051 CPU Core. The firmware
of the MCU 190 then configures the memory interface 142 to match the different memory



142 is electrically coupled to the nenory-side interface 144. The
menory-side interface 144 serves as a nechani cal connection between the
SSC card controller 20 and the nmenory nodule 30. The nenory interface 142
can be configured to read the information of the nenory nodule 30 such as
I D and manufacture information, and tr&hsnit the information to the MCU
190. The MCU 190 can be a DP8051 CPU Core. The firmmvare of the MCU 190
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nodul e 30, thus(%k_o i ng the menory interface 142 to be adaptable to

di f f er ent™EYPELL ﬂ@nnry modul e 30. [0032] The card node and cl ock

control ysgse) 130 i sriRl §ed rn'l(?cf%' and EI8LIP |c§ﬁltr(§10urﬁ{'?%0 R er@{ricﬁ%y Qbu n}%@&"t(f ﬂiéker S

110 and the serlal to parallel interface e card
control hirality3g qosltroﬂcmllglﬂr@mﬂ tho sdetdletotpardllel firderfate 122P1 ThStard$6&le &, or

M5 Pro) o t he ectr.ani c C S r ed to
the el ectﬁoc%cffnta‘gl\ﬂnétef?’ 1 ﬁ%n ‘Efﬁoéir\‘/?\?e(‘fp%g? §§$§Egﬁr ¥§821{4g0%¥§fr gflnal to
the SSC amntleetdifé défee.! WHRAIthe S8CahemotyGiré @ 18d Bk ele%trBﬁlarEﬁWcEt ed to
the serial to parallel interface 122, and the card node and cl ock contr ol

unit 130 theeleettenie ﬁ@we@wwmw%a geramand signalte tl@feSS@lcontnolﬂer&l |Ie|partmalar,f ace
122. The Q%E E({}g Hé.qqg trgfpsgm&eci) &)k[hg (S)en tali ?OOP&I‘gl:l I%?.(E efﬁ lﬁgﬁl 8?1‘ tlﬂ%(im nd

si gnal Fansm ts 4 response sighar

el ect r oniaad tivck REnEIUNIOIBO Jdéd33the Toamdall sigal fr&m&h@@éﬁdl €dparyll€lGhiptfact t o
the serial to parallel interface 122, the first controller 111, the second
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format fromthe el ectronic device, the activate the SD engine
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C memory card 1 and the electronic device. Supposed the card mode and clock control

unit 130 detects a SD format from the electronic device, the MCU 190 will activate the SD
engine 182 to transfer data between the electronic device and the SSC memory card 1.
Furthermore, the MCU 190 detects and processes the command signal of the electronic
device from the serial to parallel interface 122. Depending on the type of command signal
received from the electronic device, the MCU 190 controls the SD engine 182 to either
transfer data from the electronic device to the memory module 30, or transfer data from the
memory module 30 to the electronic device. Furthermore, the MCU 190 deactivates the
remaining engines when the SD engine 182 is in operation. In addition, the card mode and
clock control unit 130 deactivates the remaining engines clock signal, and only activates
the clock signal of the SD engine 182. As a result, the remaining engines will be in a
power down mode so as to reduce the current consumption of the SSC card controller 20.
[0034] In addition, the SSC card controller 20 comprises a power on reset (POR)
unit 160 and a regulator unit 170. The POR unit 160 is provided for resetting the internal

circuitry of the SSC card controller 20 when the SSC memory card 1 is first inserted into



transfer data fromthe electronic device to the nenory nodul e 30, or
transfer data fromthe nenory nodule 30 to the el ectronic device.
Furthernore, the MCU 190 deactivates the renaining engines when the SD
engine 182 is in operation. In addition, the card node and clock control
unit 130 deactivates the renaining eng|7nes clock signal, and only activates
the cl ock signal of the SD engine 182. As a result, the remaining engines
will be ian eécctmoimeievwomﬁhmdgulamra§0tserveedmamdahefarwonemmg@mm]yrwbltm of
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comand e 222 dat sfer ule 224. The co | e 222 is
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command nodul e 222 conprises a command (CVD) encoder/ decoder 242, a CVD
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(CRC-16) 274. The CRC-7 unit 272 and the CRC- 16 unit
data transfer module 224 comprises a half frequency data clocked engine 220, an internal
FIFO or buffer 250, a data convert engine 262, a data control engine 264, and a 16-bit
cyclic redundancy check unit (CRC-16) 274. The CRC-7 unit 272 and the CRC-16 unit
274 are well known in the field and will not be described in detail herein.
[0038] Generally, a control interface 210 couples the MCU 190 to the plurality of
controllers 110. In FIG 3, the control interface 210 is coupled to the CMD encoder/
decoder 242 of the SSC engine 180. Depending on the type of signals received from the
MCU 190, the control interface 210 generates control signals for the plurality of
controllers 110 during command and data protocols. FIG 9 illustrates one example of the
command protocol, wherein the host or electronic device first transmits a command signal
to the SSC memory card 1. Then, the MCU 190 of the SSC memory card 1 processes the
command signal from the host and sends a response signal to the host. The control
interface 210 is configured to control the command flow and data flow of the internal

circuitry in the SSC card controller 20 to ensure that the correct format of data packet and

command packet is either transmitted to or received from the card-side interface 124.



274 are well known in the field and will not be described in detail herein.
[0038] Cenerally, a control interface 210 couples the MCU 190 to the
plurality of <controllers 110. In FIG 3, the control interface 210 is
coupled to the CVD encoder/ decoder 242 of the SSC engi ne 180. Dependi ng
on the type of signals received fromtie MU 190, the control interface
210 generates control signals for the plurality of controllers 110 during
command goodspat a prhAntlecedmmakd faolulel 3225 theaC R enddei alapdder @2 ieheodes dremand
protocol mhereln tE host or Iectronlc device first transmits.a command

signal  (eMpwdgigna p gOmERY PaCkFﬁgﬁlt 1 Rebepransmytyd e therardside MpdRSE car d
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to the host. Interface 210 1s Igured to contro
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encodes the conmand signal into a conmmand packet that is to be transnitted
to the cahadChIYen¢oders d@;@éer 22 sendia mgealrtort@ canitrol Ofase 2l ¢o gem@d@r 242

generates tr n activate the ta t ocol SC- 4,
or SSC-8° p(r);l0|11gn%l qu,gtafrhgwd%rec C(S’ngal}d 8% S%teﬁ'oﬁhgaracfé 083 ?cﬁel%‘gm’mnd
content ahetdafte; dEBMD pacidet / Edvdted 242 gaRat@cInt@Mkibhds eRiidlivaiedie SSC
|nterface 124, and checks the command content int egrlt usi ng t he CRC-7

unit 272, datppaptocok $RC-EMBS Grie BB C18. c@%d@'l%lihlsgétﬁdhe @ﬂgﬁﬁ 4 and L
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| decoderin PH2 1g ceumpa!msme (datarlmle Figralshotve tt&acSSGI-Atdatatmeto&SGompdiam fpurot ocol
SSC- 1, , SSC- 8. Fl -12 |l|u e.th SSC 1, SSC-4 and SSC- 8
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SSC-4 data protocol conprising four I nes, ere each bit
i nf or mat i(@K.i Ruthetoioee, IFiI(Elel2|showstba%%deata:mptacphdvhate d:alqh bftaifllmﬁognatmlges of

the system int SC ne C ste K is, ref nced
he” Ol SadRelmb Rae iR ARG ot e Telimeg i At FoRes e SaRians <Bikn b ¢
of i nfor MakigYT-8 idatadprodledl dliow faster @18 adRdeObetGast ﬂfe@k@fneﬁﬁey talli 4 and
rising edges of the systemclock. The SSC-8 data protocol allows faster

dat a tr an8iceclepeeniedavicdse SSC menory card 1 and
[0040] Referring back to FIG 3, the CMD encoder/ decoder 242 is coupled to the

CMD control engine 244, wherein the CMD control engine 244 controls the format of the
command packet. The CRC-7 unit 272 is coupled to the CMD control engine 244, wherein
the CRC-7 unit 272 is used to protect content of the command packet in order for the SSC
engine 180 to receive or transmit the command packet correctly. Depending on the type of
command packet received from the electronic device via the card side interface 124, the
MCU 190 controls the data transfer module 224 of the SSC engine 180 to transfer data
between the memory module 30 and the electronic device.

[0041] In the data transfer module 224, the data convert engine 262 is configured
to convert the parallel data format from the internal FIFO 250 to serial data format for the
card-side interface 124. Furthermore, the data convert engine 262 also converts the serial
data format from the card-side interface 124 to parallel data format for the internal FIFO
250. The internal FIFO 250 serves as a buffer that stores the data from the data convert

262 temporarily for internal data processing. The data control engine 264 is coupled to the



ot her el ectronic devices. [0040] Referring back to FIG 3, the CVD encoder/
decoder 242 is coupled to the OCM control engine 244, wherein the CVD
control engine 244 controls the format of the conmand packet. The CRC-7
unit 272 is coupled to the CVD control engine 244, wherein the CRC-7 unit
272 is used to protect content of the cdnmand packet in order for the SSC
engine 180 to receive or transmt the command packet correctly. Dependi ng
on t he t ypatrof intarfacerdad apd((KﬂD cetel eeginé 2d4) Whaenl the tdataniontrdesngige 264 t he

d d f 124 |s. the data t f dul 224
of the SsenBNGiheloTaal eyt Asiagperetadns CRoe! QB 20 His SHURISH Yo HSERIE£03Gknd
the el ectd@fie®64eWheERin e FH(- lk%ﬁt%4q§‘h§e& foaRsiehe qﬂggﬁje? (ﬁ%ﬁle da#t@ ?a&%& a

convert engine 262 is configured to convert the paral at a mat from
t he i nt eringrdeFtredspBOthatthe 88Cangthet180frencings teodatd pecketoarmtetdy. dEaArthetmorfeace

124. Furthe ata_conv verts the ser

dat a T or tt CRCoRS PG 224 P Cafie SFH ths Pokat s Sl o Gk o 4° FoRFBALAY or
t he i nt ertA@bSElefi&ine 280 tradfifitd Mt AhidPacllek BBy, serves as a buffer that
stores the data fromthe data convert 262 ténporarily for internal data

processi f@042lrhe datHled@iﬁfmﬂue@quiaﬁfedQ@imdl engine 230 édiprowidedh éo BrciliganthediSC

I nterfac ont ral Line 244 the.d nt r ol I ne
264 cont?ernéﬁ‘g ]t%ﬂqog%@a? ﬂn?lg S?%g ap[g%tg Iwﬁﬁih% %ﬁﬂﬁl& 188, ﬁgoupl ed
to the datalf feanend! datgoBicked efdne DOERhidrising a??ﬁltw’bﬁlaltﬁ%dptlﬁzénglﬁe B33@ca to
check the integrity of the data packet in order to ensure that the SSC

engi ne 1 d5ptEeelalcartye cpging 3ﬁﬁfﬂ<‘é%ta storage engipe 3pfranday date multiplexer eygine 16
uni t 274 449 upgds disgeg%gég)(gk% thDsReY fnfeﬁme dc&rﬁel gat}(%{%ﬂ&iﬁ% rf] ?E\P@ (5%5’% ﬁ_nsur €

that the SSC en transmts t at a packet “correct
hal f fr eqleksywitatia eatlotierdalarigiknie hal¥ Ghe ﬁecpfenw dﬁﬂletspstémccldckt Rebertihg tdSSC

engine 1 to,operate i.n the SSC- da tac | G.4 shows the

di agr am dhat s Ry Hegtetrny XS de %ﬁéz@e w?rgﬁhgﬁaﬁ
posi ti ve rgfkdnceaisulifeanD ub%kBiLdeamtaﬁglat:lo\éﬁ #atia B@Q,fpefa%mgn&' B6 MA9, a
data storage engine 330, and a data nulti pl exer engi ne The system

cl ock of Eum@e@@@en@nnmpn@éprK 2 is coofigurgditedperateral rlnaht“tpetmd due]myerelaawe to

c ook ARl bR Ak LR B RN kb, A EREY el B0 SHBRET:

MHz, the fiom eitﬁéleﬂhe datLo@PUSromethe MRRERY B6dlOBOFathe chrdcKdelindéithck nRar nal

clock 2 will be operating at 40 Miz.
The data input is then fransmitted to the positive data capture engine 310 or the negative
data capture engine 320. Referring to FIG 14, data can be captured at the positive and
negative edges of the two internal clocks. The positive data capture engine 310 captures
data at the rising or positive edges of both internal clocks 1 and 2. The negative data
capture engine 320 captures data at the falling or negative edges of both internal clocks 1
and 2. The data captured is then stored in the data storage engine 330.
[0043] The data storage engine 330 as shown in FIG 5 is partitioned into two
regions, the positive data region 332 and the negative data region 334. The positive data
region 332 stores the data captured by the positive data capture engine 310, and the
negative data region 334 stores the data captured by the negative data capture engine 320.
Furthermore, the data storage engine 330 comprises two data pointers for locating the data
stored in order to avoid data confusion. A first data pointer 333 locates the data stored in
the positive data region 332 and a second data pointer 335 locates data stored in the

negative data region 334. The captured data is packed in the data storage engine 330

before it is transmitted to the data multiplexer engine 340. In particular, the data is stored



Furthernore, the internal clock 2 is configured to operate at half-period
delay relative to the internal clock 1. The data input to the half
frequency data cl ocked engi ne 220 conmes fromeither the data output from
the menory nodule 30 or the card-side interface 124. The data input is
then transmtted to the positive data &8pture engine 310 or the negative
data capture engine 320. Referring to FIG 14, data can be captured at the
posi ti ve immpadsitiveglatd wgi@dd’? aall thb@acpativel ditererEidn GBddksa 4-Hiesapias iféimee. dat a
capture ine 310 captures _data at the rising or positjve edges of both
nt ernal BYERLTNE g data i theagamppemadly 30¢ A e SR Hwet%smswstdmaes
data at [ ' s nal. Ch aeKS. d.2. The
dat a capirﬁéﬁg;éq#islsz %}ﬁieﬁ{eslé%rgggé pﬁtaﬁﬁgﬁglafjé %1? %(;r}%%g&gﬁllg?naen %gt S%[r%%)ﬁ% "a‘%‘he
dat a st oRedesriog e HEG 3Mheaktamoltipléxer Bhging 318 sgleots ittei dateestoredtio thenpositivegi ons,

t he positjyve dat egign 332.and .t he.ne i ve dat eqgi on 334. The sitive
ata r egriiesh 3t S b et R Bt i 88 oy oerfubF Brdani dbe s Bielide |
engi ne 3¥GmaANTthé BehveR6d BIbiNERLR iRer! KEHe@th B3 MniSinal BIFC 150 BLI6R thabletiRd by

the negative data capture engine 320. Furthernore, the data storage engine

330 conpit¢ degnemerydaadaledl.nters for locating the data stored in order to

avoi d da nf usi oQ. first dat i r 333 |l.ocat.es the dat t.or,ed in

t he posi :[éao\?glo dat a (rae]lgei égdrY agtg eélﬁglggthgg?%ﬁe%fgpgy Sgﬁln?lg?keéls?g%ecg?@s}s ta
stored i meduetion egae cventddh a pre@ted eddddinddhe th@pbiifiadddataptie dadleexioi n t he
dat a storage engine 330 before it is transmtted to the data mnultipl exer
engi ne 320 thenegativs data gaptureieaging320iase designed with synghiepeys qireaity dthg datagi on
332 and . i el i - b j,al fare
toring FRARERE D LRl Wich Soitipkh SEPLC FhMARbre. FEMES, |, .
data reglooage33imndBQ sedaszgad iwith dqtad prawirtions3dbynchronodsi aneldcontbinatiom 8- bi t

ial f X f i t |G 6, th L. tipl i 340 | ect
The. dat a SPBFe dnT Eie Pidiers Gesveri dot slebit! Sumedtd VLB G veddatn
regi on 334udng 200N¥&hpaed fEafith& dddfed 6fﬂﬁe alp 'ﬁteﬂﬁéi{c'y%ata $18E0 R engidGhat

converted 8-bit data 1s then storedin the internal”FIFO 250 before
t r ansf er usesgynehgondve cirewibonlynodul e 30. [ 0044] One advantage using the hal f

frequenc ta clogked engi ne 220.is the uction.in gate, count..ln a
preferr e\d(mgﬁbodi rre%tn,(&ef ﬁ_gv 6% 9 l%{%ﬁ_h@[f??‘?ﬂ“_gmé’n@tﬁgﬂ@iﬁfi I ?%(Lls
negative ﬂch_ateau&i@atimp@wangme)s?;?&vearc_snﬁﬂgmﬁeﬂgmhﬁdwnﬁ@é@ﬁﬁuﬁ: circuit. The
data nultiplexer engine 340 is desjgned with combination circuit.

Fur t her miR048] t he d&pwer=K*F.* C*Vy Eqn (1)
[0047] Where K = Switching Factor, F, = Operating Frequency, C = Load being
Switched, and V44= Operating Voltage.
[0048] The switching factor (K), or how often the output of a cell switches relative

to the frequency of operation, is a highly design-dependent parameter on process.
Standard cell library contain power consumption information on a per-cell basis.

[0049] The ‘operating frequency (F;) of a design directly affects its power
consumption, wherein designs that operate at a higher frequency have higher power
consumption. The operating frequency (F.) of a design is generally governed by its logic
design. As such, the amount of power strapping used within a design will depend on the
operating frequency (F,).

[0050] The parameter Load being Switched (C) is equivalent to the total gate count
capacitive loading on the output pin, including the capacitance of each input pin connected
to the output driver, and the route wire capacitance (actual or estimated (pF)). The Load

being Switched is directly proportional to Total Gate Count.



storage engine 330 is designed with equal proportions of synchronous and
conbination <circuits. In this case, the half frequency data cl ocked engi ne
220 wi Il have a reduced gate count of 20% conpared to anot her design of
the half frequency data cl ocked engine that wuses synchronous circuit only.
[ 0045] Another advantage of using the h&lf frequency data clocked engine
220 is the reduction in power. CMOS power consunption is governed by the

equat i on10060046] P&t the Rpérafiag *Vdliage Vghd iEfixed dnd tg{: g@ﬁﬂhin@ﬂé&&r hIGKZi:iS g
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Wi t hi n abdesisgrtheithwo tegeaad clueks hee opReftiig BOhAITateeRsin ERkck fré@dLy. The
paraneter Load being Switched (C) is _equivalent to the total gate count
capaci t i VEe1esdi thg PeVer 18 &edugedhby mersithan {8%adi ng t he capacitance of each
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propor ti arah tednipbinadntéawith @duglt perfdrmapodRIFC GIME Eotehes tHpMEUiI19¢9. \Bonteage
o kot s B B L HI0E C pbme TL BbnEOio b
Ther ef or ghe PONEIPC @of&owm@wm.e@e%aﬁgya{% H{gh(%%%foﬁﬁéncﬁqu@%} CPOMEbre’

(Load being Switched) a (Operating Frequéncy q 2) [0053] As discussed
above, t keptys datachmingi positivd wdgelatd/ nomive 8dge ofithe Ichell cyeliendn tenb3Cloed i s
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f r equencTherefbel ahoridgh thefmete IRISCEAQREAHY dRERY bapurkl%ata without
encountering any setup time and hold time problems.
[0055] FIG 7 illustrates the flow chart of the data flow when data is transferred
from an electronic device to the SSC memory card 1. At the start 400 of the data flow, the
data from the electronic device is first transferred to the card-side interface 124 in step 402.
The CRC-16 unit 274 then checks the integrity of the data received from the card-side
interface 124 in step 404. If the check sum of the CRC-16 unit 274 is incorrect, the data
flow returns to step 402. However, if the check sum is correct, the half frequency data
clocked engine 220 will proceed to capture the data in step 406. The data captured in step
406 is then converted by the data convert engine 262 in step 408. Furthermore, the
converted data from step 408 is temporarily stored in the internal FIFO 250 in step 410.
Finally, the data from step 410 is transferred to the memory module 30 for storage in step
412.
[0056] FIG 8 illustrates the flow chart of the data flow when data is transferred
from the SSC memory card 1 to the electronic device. In step 502, the data from the
memory module 30 is transferred to the data convert engine 262. The data convert engine
262 then converts the data in step 504. The converted data in step 504 is temporarily
stored in the internal FIFO 250 in step 506. In step 508, the CRC-16 unit 274 checks the



[ 0054] Yet another advantage of the half frequency data cl ocked engi ne 220
is that it can be inplenented with a high perfornmance RI SC CPU Core as the
MCU 190. Sone exanpled of the high performance RISC CPU Core is the ARM
Core (ARWR46E-S) and the Power PC Core (PowerPC 440). Cenerally, the high
perfornmance R SC CPU Core captures dafld during positive edge and negative
edge of the clock cycle. In the SSC card controller 20, the data is

rel eased lmtbgmfyeo@t’l&i ddnvertéd dela bafdrenegaiférviag | thy @htaofo thechatl frefueniygldata

Therefore r.for e RISC CPU Core directly captures . data
Wi t hout C.’fﬁ?issﬁﬁ 3? agﬁ éweggﬂ%p Ft“i‘ailé( ggofi%wdrw%reéﬁwee% d-sigdnisifags G 7
i1lustratjegit e, 5{pw chart of the data flow when data is transferred from

an electronic device to the SSC nenory card 1. At the start 400 of the data
fl ow, thd005@ht a fr dileativaiededtasaontiguediin differeft fosmatsrdnsdtdraved standbte

card-side |nt CRC- 16 it 274 th n .checks the
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returns to step 402. However, if the check sumi's correct, the

f r equencyPaparding ohdbe&mah diah thexdlectinid deyictissanfigured prith; @ Sluh@bld ad@ptmn step
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t enpor ar ijposspt or ed Whild the préﬁeﬁt iﬁ&éntﬁ)lnﬁ@s Babh devchibePwithQeferdnc® @l patticdline dat a
fromstep 410 is transferred to the nepnory nodule 30 for storage in step

412. [ 00sBYbofimgens,if iHthequrderstped fhabthe ﬁmbpdmenﬁméreddhlatrwlw%mt theta is
transferred Y A I tep
502, t he Harioh Mk notio [RRAY ARhils oLl ol ASH et affion WS T8,
engi ne 2®2coriheppiat to omsertavinggerdmary? §alltih elie &0y evhiich theeretehvinventidnep

504. The canver ata .in 504 is tenpo store e |nternal
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t r ansf er describgdt bye tharagpei chims fandeis a@portad shyephs FBregpDRS5AGscEpEonr oni ¢
devices configured in different formats do not have a standard physi cal

interface. In order to connect the SSC nenory card 1 to el ectronic devices
usi ng



existing interfaces such as SD slot or MS slot, an adaptor unit (not shown)
is used. Depending on the format that the electronic device is configured
with, a suitable adaptor wunit is chosen to nechanically couple the SSC
menory card 1 to the electronic device. [0058] 'Wile the present

i nventi on has been described with refef@nce to particular enbodinents, it

wi |l be understood that the enbodinents are illustrative and that the
i nvention scope is not so limted. Alternative enbodi nents of the present
invention will becone apparent to those having ordinary skill in the art

to which the present invention pert@aEMSsych alternate embodi nents are
considered to be enconpassed within the spirit and scope of the present

i nvention. Accordingly, the scope of the present invention is described by
t he appendkat ictlaimesl isnd i s supported by the foregoing description. 13
CLAIMS What is clainmed is: 1. A nmenory card for use with an electronic
device, the nenory card conprising: an input/output (I/0O interface for
coupl i ng 1t he %ﬁ@ﬁ%gﬁ@a&&' frQst DRI ORI ey ilEMhE Rrendr 84 HRIPHSR ler
electrically coupled to the I/Ointerface, the carg controller conprising:
a plurality ofangnpitfmegpudQ)gnterthce doopevping the mehber emtl th ahewlestronisr mat
detecting neans for detecting the format of the el ectronic device and
generat i Gvﬁﬁresponse signal indicating the format of the electronic
device; and aani#d GoaRblEOELElicallP Cotlipled! toythe QD! ifitbrfate ! R rdTBhirbNerof
engi nes and the format detecting nmeans, wherein when the mcro-controller
recei ves cORPripi@8ponse signal, it activates an appropriate engine fromthe
plurality of engin A . . r .signal; and a
menory nodul e el ect%ijlhscrglln{yf%gg %Fse%”q’?‘tgaeﬁggﬁﬂrg%ﬂ%‘?@@5 nﬁ@ﬁ@?aﬁ%s for storing

data. 2. The nenor Yoot detoétingd raeans or drevtidig thd foempl aftthd eleytr@fic @andeawasl have
a first engine operating at a predeterm ned systen1frequency, the first
engi ne conpr i SERGANE ESERANE SigBelindcetigghe tormat ofifhe gleeironie davies and |

wherein the commang fRANLEdIfr %%{ﬁ&ﬂzﬁ%ubl%d% WS Plutal i DFRAGINRAGKE R O

the electronic device or recelve conmma
format detecting means, wherein when the micro-controller receives the response

signal, it activates an appropriate engine from the plurality of engines to transfer
data based on the response signal; and

a memory module electrically coupled to the plurality of engines for storing data.

2. The memory card of claim 1, wherein the plurality of engines have a first engine
operating at a predetermined system frequency, the first engine comprising:

a command module coupled to the micro-controller, wherein the command module
is configured to transmit command packets to the electronic device or receive command
packets from the electronic device; and

a data transfer module coupled to the micro-controller and the command module,
wherein the micro-controller controls the data transfer module to transfer data packets
between the memory module and the electronic device depending on the type of command

packet received from the electronic device.



packets fromthe electronic device; and a data transfer nodul e coupled to
the mcro-controller and the command nodul e, wherein the mcro-controller
controls the data transfer nodule to transfer data packets between the
menory nodul e and the el ectronic device depending on the type of comuand
packet received fromthe electronic delfce. 14 3. The nenory card of claim
2, wherein the command nodul e conprises: a command encoder coupled to the

m cro-controller, wherein the command encoder is configured to encode a

command si gnal fron1the m cro-controller into a conmand packet that is.to

be transnitt ed HESGPRIY Sprlafic > TR thegommand gROAMRICURIEES|  engi ne
coupled to theg &g an@&fe? ed’%%@h{icﬁohb%n%%‘%m&ﬂ reﬁf’cﬂ%&&hmﬁﬁ'c%ﬂ&déﬁ
configured to control the of the coman bac et t Is transmtted
to the elieconionired tieenhcsle aﬂfcomhxandfsugnay foan dheofi&p-oshzpBémintdhe coommanid

nmodul e furth s afirs clic redundancy check (CRC) unit

coupl ed #8° 1?%@’ g@%ﬁi‘ﬁﬁ%ﬂww é’ﬁ@f%gom\ﬁ,ﬁ]@?”éf’ he first CRCunit is
configured t o aRofHneald doRBolc@BhRMouplkd i e COMINRIE REGHER twieReiR iftEoniRind he
first engine to receive or transmt the command packet’ correctly. 5. The
merory c&eutrol engiap ris Xonfiguredi to chrtrolatie foranas fodr theorhwmandh ppekat etbat & hal f
frequenc § ﬁ‘ﬁ‘ iiecgrn%crae coupled to the mcro-controller and the 1/0O
interfac : co% 'S gf SVt ernal clock and a second internal clock,
wherein the frequency of both first and the second internal clock is half

of the predeterm ned system frequenc g, wherein the second internal clock
i s confi dur ed Tthe meraprt eardiof 3, ghoreingbe iceanmrlapoqhép avithes qopprises fifrst

internal . dat a
at the pS R i5auRREr bhekRCRR BofRhleE o Y SRR LT Ehh e SR e
clock; a ﬁmgéRC waitdstenfimpdditoepretegt the comeihi cguhe dohmatd phdkceindaider fok thehe
negative e. of the first mt@ﬁnal cl ock and second internal clock; a

e
dat a stof‘éﬁ@ggﬁ‘i‘ﬁltﬁ’\é“@(’fﬁﬁfgan%t CcAmpad packet cogecld negati ve data capture
engi nes, conpri sing:

5. The memory card of claim 2, wherein the data transfer module comprises:
a half frequency data clocked engine coupled to the micro-controller and the I/O
interface, comprising:

a first internal clock and a second internal clock, wherein the frequency of
both first and the second internal clock is half of the predetermined system
frequency, wherein the second internal clock is configured to operate at a half-
period delay relative to the first internal clock;

a positive data capture engine configured to capture data at the positive
edge of the first internal clock and second internal clock;

a negative data capture engine configured to capture data at the negative
edge of the first internal clock and second internal clock;

a data storage engine coupled to both the positive and negative data capture
engines, comprising:

a positive data region configured to store the data captured by the
positive data capture engine;
a negative data region configured to store the data captured by the

negative data capture engine;



a positive data region configured to store the data captured by the
positive data capture engine; a negative data region configured to store
the data captured by the negative data capture engine; 15 a first data
poi nter configured to |ocate the data stored in the positive data region;
and a second data pointer configured t&3l ocate the data stored in the
negati ve data region; wherein the data stored in both the positive and
negative data regions arfaspiatkpsnientenfizuealta p@ckdt da@ sthaédinrthie pogiivexer
engi ne coupled to the data storage engi ne, wherein the data nultiplexer
engi ne is configur S48 1PBcAdve the data packet fromthe data storage

engine and then stores ;t Qe faligaPRakkt C-b%]ii'i%de}rgd 6 T5daYe Eﬂ%dﬁéetﬁgtcﬁ@dji@ﬂ%at a

control engine coupled to the mcro-contr wherein t ata control
engi ne i s confi gur edgatveclottregiont he format of the data packet. 6. The

menory card of claimb, erein t data,transfer nodule fyrther. c rises
an internal buffer coupl (ﬁel{lot%f’h(ga??jéﬁ)éemtaqog?E%Poé‘ﬂéiﬁ?gﬁma?ﬁ%%%mry
nmodul e, wherein t heegibil £ PadkeBWith @'datfa¥R&; as a tenporary data storage for
t he data packet. 7. gI'he menory card of claimb5, wherein the data transfer

modul e further dasarpruléplexer engaesn pepBRCtaitiet dataspiregk enging ewlitacia thomataol

of "t he oSt ReRe B RARnEHEN ¥ keecht of g hR BERE ooty Tl e

the dat a apadkatstorey the dataypacket inlthe nigery Ynddaled apd claim 6, wherein the data
transfer nodul e further conprises a data, convert engine coupled to the
ni cr o- cont r ol 13e¥ata gentroleengiceoupled tariher migiocpetreliara Whersiy die datp gopol s

confi gur eeggitng j&@ﬁgﬁ}ed(?@l?&tﬂﬁ%ﬁoﬁ&& Mﬁd&%ﬁa&g{. mat fromthe internal

buffer to Seria rmat tfor the inter and wherein the data convert
engine is configured to convert data packet in serial format fromthe I/0O

interface to rallel for .fo he.internal buffer. 9 The nenpry card
of ol ai moL, W%Fé?ﬁmfﬁé%r%[ﬁéﬁ% el B (a. (BRI gadule fughessemppiges an
internal buffer coupled to the data multiplexer engine and the memory module, wherein the

internal buffer serves as a temporary data storage for the data packet.

7. The memory card of claim 5, wherein the data transfer module further comprises a
second CRC unit coupled to the data control engine, wherein the second CRC unit is
configured to check the integrity of the data packet in order for the first engine to transmit

or receive the data packet correctly.

8. The memory card of claim 6, wherein the data transfer module further comprises a
data convert engine coupled to the micro-controller and I/0 interface, wherein the data
convert engine is configured to convert data packet in parallel format from the internal
buffer to serial format for the I/O interface, and wherein the data convert engine is
configured to convert data packet in serial format from the I/O interface to parallel format

for the internal buffer.

9. The memory card of claim 1, wherein the plurality of engines configured to operate
in different formats are selected from the group consisting of Secure Digital (SD), Serial

Peripheral Interface (SPI), Memory Stick (MS) or Memory Stick Pro (MS Pro).



in different formats are selected fromthe group consisting of Secure
Digital (SD), Serial Peripheral Interface (SPI), Menory Stick (MsS) or
Menory Stick Pro (M5 Pro). 16 10. The nmenory card of claim1 further
conprises a card-side interface that serves as a nechanical connection
between the I/Ointerface and the card!@ontroller. 11. The menory card of
claim 10, wherein the card controller is coupled to the card- side

i nterfacdOvi a Thesmmaly chal ¢fal#iil efurihet esthpdees a%ﬂﬁﬂ@inﬁd@&csﬂ’éait @éréémsa
parallel interface cqnverts serial data format fromthe card-side

i nt er f ac &C8HH SPIRCtON Pewesh H’&tl?@ grterfase spd &g e eRptioHer-pl ural ity of
engines. '12. The nenory card of claim1, wherein the neans 'for detecting
the data format of the electronic device can be a card node and cl ock
control ddit. The métherymandofclebn dOphederi the Tafdicdntretlec srgoupkdgo sghe card-

menory-side interface that. serve a mechani.cal connecti o et ween the
Card vontiG ETTERATE AeRah bt JaDahRactioes, WA Horg L Af (PagHIey FAPHHCEs,
wher ei n {cRBVGRY Serfld HakDlfb@hati SomOR| &4 disRid RerfARMRY YadlIEe dhidt Rirh@Cforvi @ a
menory interface. 15. The nenory card of claim1, wherein the card

cont r ol | @rodesgingey the phyalityed engipesser on reset (POR) unit that resets the
internal circuitry of the card controller when the nenory card is first
coupled to the electronic device. 16. The nmenory card of claim1l, wherein

the card-10ont bkl Bémébryrdab® bf clRIMRATI, $@8rein tHeCRBARIOF détoeingC OB \dtd Pormbpet v
voltage to a suitable voltage level for use by the internal circuitry of
t he car d thoestmicgeviceran bpa carhmpde aurdodfcogfral waitt, wherein the nenory
nodul e can be a plurality of NAND Flash nmenory chips. 18. The nmenory card
of claim1, wherein the I/Ointerface can be coupled to the electronic
devi ce vila. an Thdaypdnaory waid of claim 1 further comprises a memory-side interface that serves

as a mechanical connection between the card controller and the memory module.

14.  The memory card of claim 13, wherein the card controller is coupled to the

memory-side interface via a memory interface.

15.  The memory card of claim 1, wherein the card controller further comprises a power
on reset (POR) unit that resets the internal circuitry of the card controller when the

memory card is first coupled to the electronic device.

16.  The memory card of claim 1, wherein the card controller further comprises a
regulator that converts supply voltage to a suitable voltage level for use by the internal

circuitry of the card controller.

17.  The memory card of claim 1, wherein the memory module can be a plurality of

NAND Flash memory chips.

18.  The memory card of claim 1, wherein the I/O interface can be coupled to the

electronic device via an adaptor unit.



