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FLASHTOASTER FOR READING SEVERAL TYPES OF FLASH MEMORY
CARDS WITH OR WITHOUT A PC

FIELD OF THE INVENTION
This invention relztcs to flash-memory readers, and more particularly for

intesfacing eeveral different types of flash-memory cards fo 2 personsl computer.

BACKGROUND OF THE INVENTION

Digiral careras have become one of the most popular of electronic devices. In a
vecent year, more diyital cameras were sold than traditional film cameras Tmages from
digital cameras ean be downloaded and stored on personal computers. Tigital pictures
can be converted to common formais such as JPEG and sent as e-mail attachiments or
pasted to wirtnal photo alhums an the Internet. Video as well 2s siill images can be
captursd, depending on the kind of digital camera.

Digital cameras typically capture images clectronically and uttimately stove the
unages as bits (ones and 7eros) on a solid-state memory. Flask memory is the most
comuion storage for digital cameras. Finsh memory contains ene or more electncally-
crasable read-only-memory (EEPROM) integrated circuit chips that allow reading,
writing, and block erasing.

Earty digital cameras requircd the user to downlead or trausfer the images from
the Jash memory within the digital camera to 2 personal computer (PC). A standagd
serial cable was most widely used. Howrever, the limited ransfer rate of the serial cable
and ths large size of the digital images made such serial downloads 2 patience-building
experience. Scrial downloads could easily take half an hour for only a few dozen images.

Digital comera manufacturers solved this problem by placing the flash memary
chips on a small removable card. The flash-memory card could then be reteved from the
digital camera, much as film {s removed fiom a standard cameva. The flash-memaory card
could then be [nserfed info an appropriats slot in « PC, and the image files dircotly copied
ter the PC.

JP 2004-503015 A 2004.1.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

0

(25)

WA OZH5 102 . PCTAISNIA41249

e

Figure 1A shaws a flash memory card and adapter for transferring images front a
digital camera to 2 FC. A user takcs pictures with digital camera 14 thet arc stored in
image files on flash memeory chip(s). The flash memory chip is contained in
CompactFlash card 16, which can be removed from digital camera 14 by pressing a card-
eject button. Thus CompactFlash card 16 contains the image files.

While some smaller hard-beld computers or personal-digital-assistants (PDA)
have slots that receive CompactFlash cards, most PC's do not, Laptop or notebaok PCPs
bave PC-curd {ealier known as PCMCIA, Persoual Computer Menory Card
International Association) siots that can receive PCMCTA cards. Many fimrtions have
been placed on PCMCIA cards, such as moderns, Btaernet, flash memory, encryption
keys, and even miiacre hard drives.

CF-to-PCMCTA adapier 10 is o passive adapter that containis an opening thal
recetves Compactilash card 16. Figure 1B shows CF-te-PCMCIA adapter 10 with
CompectFlash card 16 inserted. Such CE-lo-PCMCIA adapters 10 seil for as little as $3-
10, CompactFlagh is a irademark of SanDisk Corp. of Sunnyvale, Califomia.

Figure 1€ shows a PC connected to & PCMCLA reader. Mest lzptop and notebook
PC*s contain one ar two PCMCTA slots 22 that CF-to-PCMCLA adapier 10 can ft info.
Then the usar merely has to copy the image files from Compacttash card 16 to the hard
disk of PC 20. Since high-speed parallel buses are used, trensfer is rapid, about (he same
speed a8 accossing the hard disk. Thus a half hour seriak-cable transfer can be reduced to
less than a minute with the 35 CF-to-PCMCTA adapter.

Desktop PCs nsually do pot have PCMCLA slots. Then PCMCIA reader 12 can
be used. PCMCIA reader 12 accopts CF-to-PCMUCIA adapter 10 and commects (o PC 20
through a paraflel or high-speed Universal Sevial Bus (USB) cable.

Allhough the CompactFlash card format is velatively small, being not much more
than an inch sqwars, other smaller cards have recontly emerged. Figure 24 illustrates
various formats of flash-memory cards nsed with digiial cameras. Many digital cameras

5til] use CompactIlash card 16, wiich can be insorted into CF-to-PCMCIA adapter 10

JP 2004-503015 A 2004.1.29
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for trunsfer to 2 PC. QOther smaller, thinner formats have emerged and are used with some
manufacturer’s digital cameras. For cxample, Smartiedia card 24 is less than half an
inch long, yet has enough flash memory capacity for dozens of images. SmartMedia-to-
PCMCIA udapter 10 is available commercially for about $60. The higher cost is
beliaved to be due to a eonverter chip within adapter 10°. Also, different adapters 10° are
requited for differcat memory capacities of SmartMedia card 24, SmartMedia is a
trademark of the 85FDC Forum of Tokyo, Japan.

Other kinds of flusi-meomory cards that are being championed by different
manufactarers inelude MultiMediaCard (MMC) 28 and the related Secure Digital Card
{813} 26. MMC i a trademark of SamDisk Corp. of Surnyvale, California while 8D is
controlled by the SD Group that incluides Matsushita Electric Indusirial Co., SanDisk
Corporation, Toshiba Corp. Another emerging form factor from SONY is Memory Stick
18. Memory Stick bas a PCMCIA/Floppy adapter while MMC hus & floppy adaprer,

The difforent physical shapes and pin arrangetments of cards 24, 26, 28 and
Memory Stick 18 prevent their use in CF-t0-PCMCIA adapter 10. Indecd, most of these
cards 24, 26, 2§ have less than a dozen pins, while CompactFlash card 16 has a larger S0-
pitt interface. Furthermore, serial data interfaces are used in the smaller cards 24, 26, 28
whils a parallel data bus is used with CompaciFlash card 16,

Tigure 2H shows s Memory Stick-to-PCMCIA adapier using an active copverler
chip. Memory Stick 18 fits into an opening in Memory Stick-to-PCMCIA adapter 15,
allowing adapter 15 and the Memory Stick to be plugged into a standard PCMCIA slot
on a PC. However, adapter 15 has an inlegrated circutt (1C) converter ehip L1 within it,
Lonverter chip 11 may be noeded to conver{ the serjal data format of Memory Stick 18 o
the parallel data format of a 63-pin PCMCIA slot. Inclusion of converter chip 11 in
adapter 15 significantly increases the cost and complexity of adapter 15 compared to CF-
te-PCMCIA adapter 10 which ig a passive adapter without a converter chip.

While the advauces in [fash-memory card technology are uasful, the many
different card fonmats prosent 2 confusing accty of interfece requirements to a FC.
Different adapters are needed for each of the card formats, PCMCIA card reader 12 can

be replaced with other format readers, such 23 2 SmartMedia Card reader, and even sine

JP 2004-503015 A 2004.1.29
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moalli-standard readers are available, such as a universal reader from Lexar Media thal
reads CompaciFlazh or SmartMedia in addition to PCMCIA.

What is desired is & universal edapier for flash-meimory cards of scveral different
formats. An adapter that accepts SmariMedia, MultiMediaCard, Sesurs Digital, and
Memory Btick curds is desired. A flash-card reader with a single slot that accepts any
format card using the adapter is desived. Special detection logic on the flash reador is
desired to distinguish between the many Hash-card formats s desirable. A low-cost
passive adapter is desived that does not nesd an expensive converter chip. A rnulli-format
reader is desired for a PC. A stund-alone flagh reader 18 desired that can copy image files

from flash cards without a PC is also desired.

SUMMARY OF THE INVENTION

A single-slot multi-flash-card reader has a personai computer interface for
transTewring data to a personal computer. A converter means is coupled to the personal
computer interface. It converts multiple fiash-card interfaces to a format used by the
personal computer interface. The muktiple flash-card interfaces include 2 CompactFlash
interface and smaller interfuces having fewer pius that the CompactFlash mterface.

A CompaciFlash connector iy coupled to the converter means. It roeeives a
CompactFlash card through a single slet in the single-slot mult-Aash-card reader. The
Compacitlash connector makes slectrical connection with the CompactFlash card for
signals in the CompactFlash interface.

An adapier has a physical shape io removebly insett {vte the CompactFlash
conmector. The adapter has a mating CompactFlash connecior that fits the CompactPlash
connector. The adapter alsa has a smaller connector, The smaller connector fits to other
flash-memory cards having the smaller imterfaces.

A wiring means in the adapter connects between the smaller connector and the
mating Compacil?lash cotmeetor. [t direstly connects signals from the smaller connector
in the smaller nterface with signals in the mating CompactRlash connector. Thus the
adapter allows the other flash-momory cands having the smaller interfaces lo fit into the

{ConipactFlash connector through the single slot to be read by the converter means.
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In further aspects the wiring means connects card sclect signals from all of the
smaller interfaces to card select signats in the CompactFlash commector. The convertor
means includes & card-detect means that is coupled to sense the card select signals. It
detects presence of a flash-memory card inserted into the CompaciFlash connector. Thus
the converter means defects presence of CompactFiash and the otber flash-memory cards

having the smaller imterfaces.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 14 shows a flash memory card and adapter for transferring images from a
digital camera to a PC.

Figure 1B shows CF-to-PCMCLA adapter 10 with CompactFiash card 16
inseried.

Figure 1C shows a PC comnecied 10 a PCMCTA reader.

Yigure 24 iflustrates varions formats of flash-memory cards used with dipital
cameras.

Figure 2B shows & Memory Stick-lo-PCMCIA adapter using an active convester
chip.

Figure 3A shows a universal CompactFlash adapter that accepts SmartMedia,
MultiMediaCard, Secure Digiial, and Memory Stick flash-memeory cards.

Fimre 3B shows & CotpactBlash reader that reads SmartMedia,
MultiMediaCurd. Secure Digital, and Memory Stick flash-memory cards through passive
adapters to the CompactFlash {orm factor.

Figures 4A-L show card-type detsetion using the Al, AQ pins of the
ConpactFlash reader interface.

Figure 5 is a table of pin mappings for the SmartMedia, MMC/SD, and Memory
Stick to CompactFlash adapiers.

Figure 6 is a diagram of a multi-slot embodiment of the flash-card reader.

Figure 7 shows & {lash-memory reader within a PC.

Tigure 8 shows a PC chassis with a flash-cerd reader in one of the drive bays.

Figure 9 js a diagram of a stand-alone FlashToaster that accepts several formats

JP 2004-503015 A 2004.1.29
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of flash-memory cards and ean copy images to a removable disk without heing connected
te a host PC.

Fipure 10 is a disgram of the converter chip for the flash-memory veader.

DETAILED DESCRIPTION

The present invention relates to an improvement in lash-memory card readers.
The following description is presented lo enzhle one of ordinary skilk in the art to make
and use the invention as provided in the comext of a perticular application and its
requirements. Various modifications to the preferred embodiment will be appurent Lo
those with skill in the art, and the genera) prineipics defined herein may be applied to
other embodiments. Thersfore, the present invention is not imended to be lrnited to the
particular embodiments shown and described, but is to be accorded the widest scope
consistent with the principles and novel features hercin disclosed.

The inventors have realized thal 2 universal adapter can be constructed using the
CompactFlash card form faclor. A reader thet reads CompactFlash cards can then, read
any of the other flash-memory cards that plug into the Commpact¥lash adapter. The
adapters ave simple, inexpensive passive adapters without a conversion chip.

The inventors have found a pin mapping froo the smaller Rash-card formats to
CompuciFlash ihai allowe for easy detection of the type of flash-memory card inserted
into the adapter. Detection of the type of flash-memory eard is thus performed
aatomatically by electronic detection by the CompactFlash reader. The CompactFlash
reader is modificd to perform this cond-rype detection, Signel conversion such. as serial-
to-paralle] is performed by the CompactFlash reader rather than by the adaptor. Adapter
costs are reduced while CompuactBlash reader cost is increased only slightly. The
Cemypact¥lash reader can use # single CompactFlash stot to read muitipte flash-card
types, including SmartMedia, MulitMediaCard, Secure Digital, Metnory Stick, and
CompuctFlash.

In another embodiment, the CompactFiash reader is somewhat larger, and has
multiple slots. The adapter is not needed i this embodiment. Instead, a slot is provided
for cach of the flash-memery card formals - SmartMedia, MultiModiaCard, Secure
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Digital, Memory 8tick, and Compaciflash. A PCMCIA can also be addes. This
CompactFlash reader can be cormected to the PC by 2 (USB cable, or it can be located
within the P chassis.

In a third embodiment, the CompaciFlash reader is a stund-alonc device that can
operate without a PC. A removable disk media such 25 a RAW CD-ROM is included.
lmages from the flash-memory card are copied to the removable disk media by the
CompactFlash reader, A simple interface is wsed, such as having ibe user presses a butten

to initiafe imape iransfer,

Universal, Passive Adaplers — Figs. 3A T

Figurs 3A shows a universal CompactFlash adapter that acoeptls Smarthiedia,
MultiMediaCard, Secure Digital, and Mermory Stick fias-memory catds. Trigital comera
14 stores images on flash memory that is in one of several card types. CompactFiash card
16 usces a 50-pin cormector and transfers image datain & 16-bit parallel formal.

SmartMedia card 24 is smaller flash-roemory card with a 22-pin imerface and
transfers data in an 8-hit parallel format, Smarthedia adapter 30 converts the 22-pin
SmartMiedia interface 1o fit within the 50-pin CompactFlash interface. When SmartMedia
card 24 i5 plugged into SmartMedia adaptor 30, both can be plugged into 2
CompuciFlash slof on a CompactFlash reader. Of course, ordinary CovopactFlash readers
will net be able to read SmartMedia cand 24 since spacial signal conversion is raquired
by the CompactFlash reader.

MultiMediaCard 28 and Secure Digital card 26 are flash-memery cards with
similar 9-pin interfaces. Serial data transfer is used throuph a single Data 1O pin,
MMC/ST adapter 32 has an opening with a 9-pin counector 1o receive either
MultiMediaCard 28 or Secure Digitat card 26. Once MultiMediaCard 28 or Secure
Tiigital card 26 is inserted ioto MMC/SD adapter 32, ther MMC/SD adapter 32 can be
inserted into & CompactFlash siot on 2 spceial CompactFlash reader. The CompaciFlash
reader then detects ihe card type and performs serial-to-parallel conversion.

Memory Sticlk 18 is aiso a Alash-memory card with a 9-pin, seriul-dats interface,

but is narrower and longsr than MultiMediaCeard 28 or Secure Digital card 26. Memaory
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Stick adapter 34 has an vpening with a 16-pin connector to teccive Memory Stick 1%.
Onee Memory Stick 13 is inserted, Memory Stick adupter 32 can itseif be juserted into a
CompaciFlash slot on 2 special CompactFlash reader. The CompactFlash reader then
detects the card fype and perfoimus serfal-to-paralis! conversion.

Figure 1B shows & CompactFlash reader that reads SmartMedia,
MuttibediaCard, Secure Digital, and Memery Stick flash-memery cards through passive
addaplers to the CompactFlash fonn factor. CompactTlash reader 42 has an opening or
slot with 50-pin connector 44 that accepts CoinpactF lash card 16. Controller chip 40
performns bandshaking with CompactFiash card 16 and perfomas data transfer.
CornpactFlash reader 42 siso connects to 2 PC over USB connector 46, Contraller ship
40 also controls the VST interface (0 the host PC, allewing image tilos to be transferred
to the PC ffom CompactFlash card 16.

Other kinds of flash-momery caxds can. vlso be read by CompactFlash reader 42.
Far exampie, adupter 34 allows Momory Stick 18 to be read. Memory Stick udapter 34
f1as an opening that Manory Stick 18 fi13 imto, while Memory Stick adapter 34 iiself fits
into 50-pin connector 44, since adaptor 34 has the same form factor as a CompactFlash
card.

SmartMedia cavd 24 can also be read by CompactFlash reader 42, using
SwmartMedia adapter 30. Likewise, MultiMediaCurd 28 or Secure Digital card 28 can be
read using MMC/SD adapter 32.

Adapters 30, 32, 34 we passive lapters that onlty connect pins from the smaller
flash-memory cards to the 50-pin CompactFlash conpector, An active couverter chip is

not requived, greatly reducing cost and complexity.

Deteotion of Card Type — Figs. 4A-E.

Figures 4A-E detail dotection of the type of fash-memory curd by the
CompaetFlash repder. Since the same Compactllash slot is used for many kinds of flagh-
memory cards, 2 detection methed s uscfinl 5o that the user duesn’l have to explicitly
indicate what type of flash-memory cerd is inserted into the CompactFlash reader.

The inventars have carefuily examined the pins of the interfaces (o the various
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flash-memory cards and have discovered thal type-detection can be parformed by
examining two address pins. Address pins AC and Al are the leasl-significant-bits (LSE)
of the address of the 50-pin CompactFlash interface. These pins are noraally inputs te
the CompactFlash card and thus are driven by the CompactFlash reader. When the reader
does not drive Al, Al to the inserted CompactFlash card, the AD, Al ping float or are
pulled high by pullup resistors.

Address pins are not presont nn the other kinds of flash-memaory cards. Instead.
the address and data are multiplexed. Yor MMC/SD and Memory Stick, the addresz is
sent serially. Using the adapters, pins from the other flash-raemory cards cai be
comnecled 1o the CompaciFlash pins. Pins A0 and Al are used to detect the type of card,
For SmartMedia, the addresses are senl by nsing a special control sequence followed by
3 or 4 hytes of starting address.

Tz Fipure 4A, the A1, AD pins of the CompactFlash reader mborface are
highlighted. Converfer clip 40 in the Compact¥lash reader normally drives all 11 address
pins in the CompactFlash interface when readisyg a CompactFlash card plugged into
conmector 44, The AQ pin from the CompactFlash card plugs into connactor cup 56,
while the Al pin from the CompactFlash card plugs into connsclor sup 58 of 50-pin
comneclor 44,

Card-type detector 50 has two pullup resistors added to Luss AD, Al Resistor 32
pulls line AQ high o pewer (Vec) when neither converter chip 40 nor 2 card plaeged into
connector 44 drives line Af. Likewise, resistor 54 pulls line Al high when line Al iz not
being actively driven. During detection mode, converter chip 44 is programmed to not
drive lines AD, Al and instead use then as tnputs to the defector Jogic.

In Figure 4B, & CompactFlash card is inserted into the comnector for card-tvpe
detection. CompactFlash card 16 s plugged into cotmector 44. Since ACG and AJ are
inputs 1o CompaciFlush card 16, they are not driven by CompactFlash card 16, During
detection mode, convertor chip 46 alse does not drive pins AU, Al. Thos lines AD, Al are
left foating und are each pulled high by resistors 52, 54.

Datection Jogic in converter olip 4 reads card-seleot pins CT), CD1 o detsot

the presence of a flash-memory card. When 2 new card is present, deteclion legic then
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reads pins AD, Al as inpuis. Both inputs are high. The detection Jogic in converter chip
40 recognizes the HH state of AD, A1 as indicating that 2 CompactFlash card is plugeed
into connector 44. Converter chip 40 then exits detcetion mode and configures jts
interface to connector 44 for the 50-pin CompactFlash interface as shown later in Figure
5

In Figmire 4C, a MultiMedzaCard or Secure Digital card 15 inserted into the
connectar for card-type defection. MMC/SD card 28 (not shown) is plugged into
MMC/SD adapter 32 which is plugped into conneator 44.

Converter chip 40 does not drive pins Al, A0 during detection mode. Thus pin
Al floats and is pulled high by resister 54. The A0 pin ig driven low by the MMUC card.

Deteetion logic in converter chip 40) reads card-select pins CDO, CD1 to detect
the presence of a flash-memory card. When a new card is present, delection logic then
readts ping A0, AT us joputs. While A0 is low, Al is high. The detection logic in
converter chip 40 recognizes the LIT state of A0, Al as indicating that a MMC or 3D
card is plugged into connector 44. Conrvetter chip 40 then exits detection mode and
canfigurey its interface (o connector 44 for the $-pin MMC/SD interface as shown later in
Figure 5.

In Figure 412, a SmartMedia card Is inserted into the comnector for card-type
detection. SmartMcdia card 24 (not shown) is plupged into SmartMedia adupter 30
which is plugred into conncctor 44. The adapter 30 does not conmeet pins AO, Al from
the CompactFlash nterface to any pins on the SieartMedia card. Adapter 30 nternally
connects pin Al from the CompactFlash interface 1o the ground pin on the CompuctFlash
interface,

The SmrartMedia card does not drive either pin Al, A9, although adapter 30
drives pin Al low. Liktewise, converter chip 40 docs not drive pins Al, A0 during
detection mode. Pin A floats and is pulled high by resistor 52.

Dctection logic In converter chip 40 reads card-select pins CN0, CD1 1o detect
the presence of a flash-memory card. When a now card is presont, detection logic then
reads pins AD, Al as inputs. While A0 is high, A1 is low. The detection logic in
converter chip 40 yocognizes the TIL state of AS, Al as indicating that a SmartMedia caid

JP 2004-503015 A 2004.1.29
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is plugged inte connector 44. Convertor clip 49 then exits detection mode and configures
its interface to connector 44 for the 22-pin SmartMedia interface as shawn later in Figure
5.

{n Figure 4E, 1 Memory Stick card is nserted into the connector for card-type
detcetion. Memory Stick card 18 (net shown) is plugged into Momory Stick adepter 34
which is plugged nfo connecior 44,

Detection logic in converter chip 40 1eads card-select pins CDO, CDI io detect
the presence of a flash-memory card. When a new card is present, detection logic then
reads pins AQ, Al as inputs. Both pins A0, AT are low. Yhe detection logic in converter
clip 40 recognizes the LL state of AD, Al as indicating that 2 Mermory Stick vard is
plugged into connectar 44.

Pin Mapping - Fig. 3

Figure 5 is 2 table of plu mappings for the SmariMedia, MMC/SD, and Memory
Stick to CompactFlash adapters. The pin nurabers for the smaller interfaces for
SmartMedia, MMC/SD, and Memory Stick are not sbown buf can be in any order or
designation. The adapter connecis the proper pin on the simaller interface to the
CompactFlash pin nunber shown i Figurc 5. Sinpic wiring such as individual wires,
flat cables, printed-civouit board {(PCR), or wiring traces can be used.

The ground pins on e smafler interfaces are cormected ta CompactFlash pins 1
and 30. Power pins are connested to CompactFlash pins 13, 38, Pins 25, 26 are the card
detect signuls for ConmactFlash, which the adapters cormet to the card-delect signals on
all smaller nterfaces.

The CompactFlash connectors use pins 2-6, 21-23, 27-31, and 47-49 for the 16-
it parallel data bus to tie CompactFlash card. Ping 8, 10-12, aud 14-20 fomt £ soparate
11-bit address bus. The separate data and address huses provide for rupid ramdom
addressing of CompactFlash cards, Other control sigrals inclede pins 6, 32 ¢htip cnables,
pin 9 vuiput enable, pin 3§ write enable, interrupt pin 37, reset pin 41, mnd register REG
oin 44, REG pin 44 15 the Antribuie Memory Scleet, definted based on the CF mode of
operation, i.e. PCMCIA 30 mode, TDE or PCMCIA Memory Mode.Several pins in the
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50-pin interface avo not conpected,

The smaller SmartMedia interface also has a paralle! data bus of & bits. These are
wapped to pins 2-6, and 21-23 of the CompactFlash interfuce to match the Compactt]ash
D07 signals. While no separate address bus is provided, address and data wre
multiplexed. Cantrol signals for latch enables, write enable and protect, output enable,
and ready handshale are among the control signals. Ontmrt enable —OE and write snable
~WE arc mapped o the same function ping 9, 36 of the CompactFlash interface. The
total numnber of pins in the SmarlMediy interface is 22.

The Memary Stick and MMC/SD Nash-memory-card fterfaces are smaller still,
since parallel data or address busses are not present. Instead, serial daia transfers accur
through sexial data pin DIQ, which is mapped to pin 19 (A1). Data is clocked in
synchronization to clock SCLE en pin 13, A command signal CWID ox BS ocoupies pin
2 {AQ). The MMC/SD and Memory Stick interfaces require only 6 pios plus power and
ground,

Detection logic in convertor chip 40 reads card-select pins CDG, CD1 ta detect
the presenec of & flash-memory card. When a new card is present, detection logic then
readds pins AJ, Al as inputs to determine the card fype, The pullup resistors of Figure 4A,
together with wiring inside the adapier and the card’s behavior determines whether A0,

Al ave pulled low by the adapter or pulled high by the pullup resistors.

Multi-Slot Multi-Flash-Card Reader ~ Fig, 6

Figore 6 18 a diagram of a multi-slot embodiment of the flash-card reader. While
the single-siot embodiment of Figure 3B resilts in the smallest physical design,
somewhat larger (fash-card readers can be made that have separate slots for each type of
flash-memory card, rather than a single slot. This negates ihe need for the adapters.

Faur connectors ars provided in flash reader 42: a 50-pin CompactFlash
cannecior 62 that fits CompactFlash card 16, a 9 pin MMC/SD connector €4 that fits
MultiMediaCurd 28 or a Secwre Digital eard, a 22-pin SmartMedis connector 65 that fits
Smarthedia card 24, and 2 10-pin Menory Stick conmector 68 that fits Memory Stick
18.
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Tiach of the four connectors 62, 64, 66, 68 route thair sgnals to converter chip 40,
Converter chip 40 detects when a flash-memery card has been inserted into one of the
connectors 62, 64, 66, 68 and configures itsclf to read files frotn the inserted card using
the pin interface of Figure 5 corresponding 1o the card type.

Converter chip 40 executes various routines to perform handsbuking with the
Musk-memory cards and zecopt data, sither serially or in parallel. The data is buffered
and then sent (o the host PC 20 through USE cormector 46, Converter clip 40 genersies
the appropriatc USB-interface signals to wansfor the data to host PC 20.

[laving separate connectors 62, G4, 66, 68 with separate slots in flash reader 42
allows for card-to-card iransfers. For example, images or other fGles from Memory Stick
18 could be frunsferred to CompactFlash card 16 by couverter chip 40 reading serial data
from Meraary Stick. ingerted into connector 68, converting to parallel, and writing to
comnector 62 and ConrpactFlash card 16. Each of the {lush-memory cards in connectors
62, 64, 66, 68 can be assigned & different drive letier by the operating system, such as e,
£, g, and e

In this embodiment, flash reader 42 is contained in an cxtemal housing that
connects (o host PC 20 through a USE cable. Of course, other cables and interfaces such
as [EEE 1324 FireWire may be substituted.

Flash Reader Within PC- Fig. 7

Figwe 7 shows a flash-memory reader within a PC. Four slots and four
eounectors are provided in flash reader 42, A 50-pin CompactFlash conncetor 62 fits
CompactElash card 16, 2 9-pin MMC/SD comtector 64 fits MultiMediaCard 28 or a
Secure Digital card, a 22-pin SmartMedia comector 66 fits SmartMedia card 24, and 2
10-pin Memory Stick conncetor 68 fits Memory Stick 18,

Each of the four counectors 62, 64, 66, 63 route theit signals to converter chip 40,
Converter chip 40 detects when a flast-memory card has been inserted nto cne of the
connectors 62, G4, 66, 68 and configures itseif to read files from thy inserted card using
the pin interface of Figare 5 correzponding lo the card type. Each of the flash-memary

cards in connectors 62, 64, 66, 58 can be assigned a diffevent drive leiter by the operating
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systern, such as e, £, g, and he.

Converter chip 40 exevutes various touidnes o porform handshaking with the
flash-memory cards and accept data, eithet secially or in paraflcl. The data is buffered
and then sent to the CPU 21 i PC 24 throvgh a internal USB bus. Couverter chip 40
gonerates the appropriate USB-interface signals to transfer the data to CPU 21

Figure & shows & PO chassis with 2 flash-card reader inone of the diive bays. PO
20 is enclosed by a chassis or case that has several drive bays aliowing the user or
manufacturer ko insert periplierals such as hatd and floppy disk drives, C-ROM and
DVD drives, and {zpe drives. HDD bay 72 contains a hard-disk drive, while FTOD bay 74
contains a floppy disk drive. These arc connected by cables to cards inserted into 2 USB,
ATA, or other expansion bus connectors on the motherboard.

Flash reader 42 is iuserted info one of the drive buys. The four slots face forward,
allowing the user to wsert Jash-memery cards into flash reader 42 much as 2 Qoppy dislk
is inserted {nto the floppy-disk drive in FDID hay 74.

Flash reader 42 can be fnstalled by the user from a kit purchased at a store, or it
can be pre-instalied by an original-equipment manufacture (OEM) or retailer, The usor
can easity transfor digital images [rom a digital camera, regardless of the type of flash-
card used by the carnera, due to the many difforent formats of flash-memery cavds read
by flagh reader 42.

FlashToaster — Fig. &

Figure 9 is a diagram of a stand-alonc FlashToeaster thal aceepts several formats
af flash-ieemory cards and can copy images Lo a removable disk witheut being connected
to @ hest PC. Digital photographers may not always have their PC’s nearby. While extra
flash-memary cards can be purchased and swapped in the digital carera, these fash-
mamory sards are samewhat expensive, sspecially when mary high-resolution images
are captured, Especially during 2 long trip away from the PC, the vser may be limited by
the capacity of the {lash-memory cards.

FlashToaster 80 has four slots and four connectors are provided in FlashToaster
§9. A 50-pin CompactFiash connector 62 fits CompactFlash card 16, a 9-pin MMC/SD
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comneclor 54 fits MultiMediaCard 28 or a Secure Dipital oard, 2 22-pin SmartMedia
commesctor 66 fits SmartMedia card 24, and 4 10-pin Memory Stick conmector 68 fits
Memory Stick 18.

Fach of the four comiectors 62, 64, 66, 68 route their sipnals to converter chip 40.
Converter chip 40 detocts when a Rash-memory card has been inserted inte one of the
comieclors 62, 64, 66, 68 by sensing card select lines CDO, CD1 and configures itself to
read fites from the inserted card using the pin intexface of Figare 5 corresponding to the
card type.

Converter chip 4) exceutes various rontines to performn handshaking with the
flagk-mernory cards and aceept data, eitber seriably or it parallel. The data is buffered
and then sent either to host PC 20 through USE connector 46 or to Tomavable mass
storage 70, Converter chip 44 generates the appropriate USB-interfzce signals to transtor
the data 1o host PC 20, Converter chip 40 also generates the control signals for
removable mass storage 70, allowing the image data read from the flash-memory card to
be weitten to removable disk 76. Removable disk 76 vould be a standard or ¢ hiph-
density floppy diskette, a taps drive, u wiileable CD-RAW disk, or other proprietary
media such as LE120 by Imation of Oakdale, Minnesota, or ZIP drives by lomega Corp.
of Roy, UT.

Cach of the flash-memory cards in connectors 62, 64, 66, 68 can be sssiymed a
different drive lotter by the operating system. such as e:, £, g:, and h:. Removable mass
storage 74 can also be signead a drive letter.

When FlashToaster 80 is not aftached to host PC 20, image files may stitl be
copied to removable mass storage 70. FlashToaster 80 may be carried along on a wip by
the user, allowing the user to download image files to removable disk 76. Sinee
removable disk 76 ordinarily has a much higher capavity than the flash-memory cards,
imany pichices may be caplursd when no access to hast PC 20 is available. FlashToaster
80 can be provided with battery power ar with its own AC converter.

FlushToaster 80 is provided with a simple user interfase, including light-emitting
diede TED 78 and bution 79, When the user inserts 2 flash-momary card inio one of

cormectors 62, 64, 66, 68, and remavable disk 7§ is inserted into removable mass slotage
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70, the user presses button 79. This activates controller chip 40, which determines which
of connectors (2, 64, 46, 68 hus 2 memory card inserted, and copics the image files to
remavable mass storage 79. LED 78 can be programmed to blink during the copying
process, and remain lit when. the copying is complete, or vice-versa. This provides a
sinple visual indication o the user of the copying progress. Brrors can be indicated with

additional LED indicater lamps, or other blinking agrangements or colors.

Converter Chip- - Fig, 10

Figure 10 is a diagram of the converter chip for the flash-imemory reader.
Corrverter chip 40 can be fiplemented as a commercially-availtable micre-controller chip
thiat is pragrammed to read and write /O pins that are connected to the fiash-memary-
card cormectors and TS interface. Several different contro! and tranafier routines are
wrilten und programmed into RAM/ROM 94. CPUI 92 (hen execuies these routines, A
high-leve] scanning routing can sense when a flash-mermory ¢ard s inserled, CFU 92 can
then begin execution of another routine spaoific t that typs of flash-memory card.
Transter and handshake sub-routines can then be called.

General-purpose input-oulput GFIC 99 provides registers ot 1/0 perts that diive
externul 1O pins of converter chip 40, or read the logic-levels or voltages on inpui pins
to converter chip 40, CFU 82 capread regsters In GRIO 59 {hat arc wrilten by centrol
signals that are coupled to I/0 pins of converter chip 40 from connectors 62, 64, 06, 68,
Control signals to the flash-memiory cards can be switehed high or low by writing u 1 or
a 0to a register for that control signal 1o GPID 99,

Timers 56 are useful for asserting control signals for a required amoust of time.
For examplz, a conirol signal may necd to be asserted for 2 specified number of
microseconds. UPU 92 can write a 1 to a register in GPIO 99 and start a timer in timers
9. Timer € can sent au interrupt to CPU 96 when the specified time has slapsed, or CPU
92 can continuously or pericdically poli timers 26 to detevning when the specified tme
has elapsed. Then CPU 52 can write u 0 (o the register in GPIO 99, causing the control
signal to transition from 1 to 0.

Shifter 99 is cotnected to the data and cleck signals from connectors 64, (8.

JP 2004-503015 A 2004.1.29
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When data iz read from the {lash-memory card, 2 clock is pulsed to synchroniee the data
transfer. Siifler 98 clocks in ane bit {serial) or word (parallel} of data for each clock
pulse. A eyelical-redundancy-check (CRC) can be pexformed on the daia to dotect orrors.
CPU 92 can vequest re-transmission of data from the flash-memerny card when an sxor is
detected.

Dutaread by shifier 98 can be sent over internal bus 90 fo be stored in 2 bulfer in
RAM/ROM 94, T.ater, CPU 92 cau executle & routine to transfer this data from
RAM/ROM 94 to USB jnterface 100, USD interface 100 then transmits the datz aver an
extemal USR link to & bost PC. When a removable mass storage {5 present, some of the
10 pins from GPIO 9% can copnect to the removable mess storage, or a separate disk

controller can be included on cantreller chip 40.

ADVANTAGES OF THE INVENTION

A univergal adupter for flash-memory cards accopts caxds of several differenl
formats. The adapter accepts SmartMedia, MultiMediaCard, Secure Digital, avd Memory
Stick cards. The flash-card reader with a single slot aceepts any format card using the
adapter. Special detection logic m the flash veader distinguishes between the many flash-
card formats. The low-cosl passive adapter does not need an expensivo convertor chip. A
multi-formial reader 1s ideal for use with a PC, Howewver, a stand-alone flash reader can
copy inage files from flash cards without & PC. Additionally, preparation of media for
use in deviees {format and erase operations) can be dene using this reader,

A universal adapter is consiructed using the CompactFlash card form faclor, A
reader that Teads CompactFlash cards can, then read any of the other flash-memery cards
that plug inte the CompactFiash adapter. The adapters are simple, inexpensive passive
adapters without a conversion chip.

The disclosed pin mapping from the smaller flash-card formats to CompaciFlush
allows for easy detaction of the type of {lash-memory card inserted into the adapter.
Detection of the type of fiash-memery card is thus perfortned avtomaoticaliy by etectronic
detection by the CompaciFlask reader. The CompactFlash veader is modified to perform

this curd-(ype deteciion. Sigoat conversion such as serial-to-parailsl is performed by the
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CorpaciFlash reader rather than by the adapicr. Adapter casts are reduced while
CompactFiash reader cost is increased only stighlly. The CompactFlush yeader can usc a
single CompaetFlash slat to read multiple flash-card types, ncluding Smarthdedia,

MultiMediaCard, Secure Digital, Memory Sticl,, and CompactFlash.

AL TERNATE EMBODIMENTS

Several other embodiments are contemplated by the iuventors. Differeit. Hash-
card formals can be supported such as Smart Cards, and more or less than the four slots
shown in the multi-card flash reader can be included. Other adapters can be used for
newer flash formats for the single-slot CompactFlash reader. Any device that needs
Control Bus, Clock, Date Bus and Address Bus can be designed to fit into this slot.
Examples of such, devices include (but ave not limited to) D3I, Modems, Fingerprint
secatity dtl:\u'css, Miniature Haed disks, ete,

Whila the inveniion bas been deseiibed as connecting to a personal compuier PC
kost, the host may alse be an Apple computer such sz the IMAC or G3. The host may
algo be a SUN compuler, of any host computer using USB or 10K interfaces. The
inveniion can also apply to Personel Digital Assistants (PDAs) such as by Palm
Computer or other bandheld apphances, suck as a Cell phone with USTB capability.

The term “CoropactFlash reader” bas been used for siraplicity, since digital
images are often read from the tlash-memory card and then written to the PC. However,
the CompactFlash veader is capable of reading files from the PC or from another Jash-
wernzory sard and writing the file to the flash-memory card. Thus the CompactFlash
reader is really a reader/writer.

Inn another crabodiment, the CompactFlash veader is sornewhat larger, and has
multiple slets. The adapter is oot needed In this embodiment. Instead, a siot is provided
for sach of the flash-memory card formats - SmartMedia, MulliMediaCarl, Secure
Digital, Memory Stick, and CompactFlash, A PCMCIA slot can also be added. This
CompactFlash reader can be connected to the PC by a USB cable, or it can be located
within the PC chassis.

In a thind embodiment, the CompactFlash reader is a stand-alone device that can

JP 2004-503015 A 2004.1.29
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operate without a PC. A removable disk media such as a R/W CD-ROM is included.
Images from the flash-memory card arc copicd to the removable disk media by the
CornpactFlash reader. A simple Interface is uscd, such as having the user presses a button
to inttiate image transfer.

‘The foregoing desoription of the erbodiments of the invertion has heer
presented for the pivpases of illustration and description. Tt is not intended to ba
exhaustive ar to limit the {nvention to the precise form disclosed. Many modifcations
and variations are possible in light of the above teaching, It is intended that the scope of
the invention be limited not by this detailed description, but rather by the claims

appended hereto.

JP 2004-503015 A 2004.1.29
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CLATMS

What is claimed is:

L A single-siat multi-fiash-card reader comprising:

a personal computer interface for transferring data to a personal computer;

a converler means, coupled {0 the personal computer fnterface, for converting
multiple (lash-card interfaces to a format used by the personal computer interface;

wherein the multiple flash-card interfaces melude 4 Compactiilash interface and
smaller mterfaces having fewer pins that the CompactFlash interface;

@ CompactFlash connector, coupled to the converter means, for vecsiving a
CompactFlash card through 4 single slol in the single-slot multi-flash-card reader, the
Compaut¥Flash connector making, clectrical connestion with the CompactFlash card for
signals in the CompactFlash nterface;

an adapter, having a phiysical shape to removably insert iato the CompactFlash
connector, the adapter having a mating Compactilash connector that fits the
CompactFlash connector, the adapter also having a smaller connector, the smaller
connectar for fitting to other flash-memory cards baving the smaller interfaces; and

wiring means, in the adapter, connected between the smaller contector and the
mating CompactBlash connecter, for ditectly connecting signals from the smaller
connector in the smnlier interface with signals in the mwaling CompactFlash connector;

whereby the adapter allows the other flash-memory cards having the simaller
interfuces to fit into the CompactFlash conneetor thiough the single slot to be read by the
converter means.

2 The single-slot multi-flash-card yeader of claim | whevein the wiring
meang connects card select signals from all of the smafler interfaces to card sclect signals
in the CompactFlash connector;

wherein the converler means ineludes card-detect means, coupled to sense the
eard seleot signals, for detecting jresence of a flash-memory card inseried inte the

Compactilash connector,

JP 2004-503015 A 2004.1.29
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wherehy the converter means detests presencs of CompectFlash and the other

{lash-memory cards having the smaller interfaces.

3. The single-slot multi-flash-caxd reader of claim 2 wiherein the wiring
meuns connects signals from the smaller interfaces to least-significant-bit (LSE) address
signals in the CompactFlash comector;

wherein the converter means includes card-type-detect means, coupled to sense
the 1.8B address signals, for detecting a type ef 2 HQush-nemory card inserted jpio lhe
CompactFlash conneclor;

wherein the type of flash-memory curd detected includes CompactFlash cards and
smaller flash-raemory cards having the smaller interface;

wherchy (he comverter meana detects the type of flash-memory card inserted

including CompactFlash and the other flash-memory cards having the smallet jaterfaces.

4, The single-slet nulti-flash-card reader of claim 3 wherein the LSB
address signals comprise an AC signal and an A1 signal in the Compact}lash interface;

whersin the AT signal is connected 10 a serial data signal in the smallev interface
when the smeller interface is a MultiMediaCard, Secure Digital interface or a Memory
Stick interface,

wheraby type detection is performed using the Al signal connected to the serjal

dala signal of the smaller interfaces.

5. The single-slot multi-flash-card reader of claim 4 wherein each 1ype of the
flash-memory cards for the smaller interfaces drives signals connected to the LSB
address signals by the adaplor to different logic levels;

wherein CompactFlash cards do not drive the LSB adiress sianals,

whereby the LB address signals float for CampactFlash cards, but at least one of
the LSE address signals are driven by the other flash-memory cards having the smaller

interfaces when connected by the adapter.

JP 2004-503015 A 2004.1.29
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6. The single-slot multi-flash-card reader of claim 5 further comprising:

pullup resistors, conneeted to the LSS address signals from the CompuctFlash
connector, for pulling the LSB addross signals high when the converter means and the
flash-memory card are not deiving signals connected to the 158 ddress sigoals,

whereby the pullup resistors assist card-type detection.

7. The single-slot multi-Lash-card reader of claim & wherein the wiring
means s 4 passive wirlng means without aclive components ncluding inregratud circuit
chips, transistors, resistors, or capacitors,

whereby the adapter is a passive adapter.

g The single-slot multi-flash-card reader of claim 7 wherein the smaller
interfaces are selected from the group consisting of MultiMediaCard, Secure Digital, and

Memory Stick flash-memory-card interfaces.

@ ‘The single-sfot multi-flash-card reader of claim 8 (urther comprising:

a secordd adapter, having a physical shape to temovably insert into the
CompactFlagh connectar, the second adapter having a mating CompactFlash connestor
that fits the Coempacil'lash conneclor, the second adapter also having 2 second smaller
conneetor, the second smalisr connector for fitling to a SmariMedia flash-memery cards
having the smaller inferface for SmartMedia,

whersby the second adapter connects Smarivledia flash-memory cards 1o the

Compactllash connestor.

1¢.  The single-stot multi-flash-curd reader of claim 9 further comprising:

& third adapter, having a physical shape t6 removably insert into the
CompaciFlash connector, the third adapter having 2 mating CompactFlash commector that
fits the CompactFlash conncctor, the third adapter alan having a third smaller connestor,
the third smatler connector for fitting to 2 Memory Stick flash-memory cards having the

smaller interface fior Memory Stick,

JP 2004-503015 A 2004.1.29
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whereby the third adapter conneets Momory Stick flash-rasmery cards to the

CompactFlash connector.

1. The siggle-slot multi-flash-card reader of ¢laim 10 wherein the
CompactPlash interface has 50 pins inclading power and ground pins;
wherein the smaller interfaces have no more than 10 pins inchuding power and

graund pins,

12, The single-slot multi-fiash-caed reader of claim 10 wherein the converter
means further comprises:

serinl-to-paralicl meas, recerving serial data from the smaller intarfaces, for
converting sorial data to a perallel data farmat for transfer to the personal computer,

wheteby serial data from the smaller interfaces is converted to parvallel, but

parailel duta from CornpeerFlash cards are not converted,

13, A multi-flash-card reader comprising:

a host connection for transferring data to 2 host computer;

a converter chip, coupled to the host conpection, for converting signals from
Aash-memory cards to read data from the flash-memory cards for transfex to the host
computer;

4 first eormector, coupled to the converter chip, for accepting a CompactFlash
carcl inserted inio a first slot for the frst connector, the first connector having 4 paralle)-
data bus and an address bus and coutro! signals for controlling parallel data transfer from
the CompactFlash card to the converter ehip;

a seeond conneé-tnr, coupled to the converter chip, for aceepting & SmartMedia
card inserted into 2 second slot for the second conneclor, the second commector having a
parallel-duta ma and control signals for controllmg paralle! date ansfer foo the
SmartMedia curd {o the converter chip; and

& third comector, coupled to the converter chip, for accopting a MultiMediaCard

MMC card insertsd inte 4 third slot for the third conmector, the third commector having a

JP 2004-503015 A 2004.1.29
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seriat-data pin and a clock pin for controlling serial data trapsfer Fom the M'l\;IC card to
the converter chip;

wherein the converter chip controls pasallel date and address transfer for the
Compuctllash card, paralle] data transfer for the SmartMedia card, und seral data
transfer lor the MMC card,

wheretyy multiple flash-memory cards can be read by the multi-flash-card reader
using the converier chip.

14, The multi-flash-card reader of claim 13 whetein the first connector, the
second connector, and the diird connector cach have card deteot signals for detecting
presence of 4 flash-tmemory card inserted fnto a conmestor;

whezsin the converler chip senscs a voltage change n the card detect signale from
a connector and activates a routing o access the flash-memeory card activating the card
detect signals,

wherchy flash-memory cards are detected by the converter chip.

15, The multi-flash-card reader of claim 14 further comprising:

a fourth conuector, coupled 1o the converter chip, for accepting a Memory Stick
card inserted inte a fourth sloi for the fourth connector, the fourth conneator having a
serial-data pin and a clock pin. for controlling serial data transfer Grom the Memory Stick
card to the converter chipy

wherein the converter chip also controls serial data transfer for the Memory Stick

card

16.  The multi-flash-card readsr of claim 15 wherein the host connection is
{heough an external cable 1o the bost computer;

wherein the ynulti-flash-card reader is in an cxternal housing separate from the
host computer chassis,

whereby the raulti-flash-card reader is external.

JP 2004-503015 A 2004.1.29
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17. The mulli-flash-card reader of claim 16 farther comprising:

a romovable mass stoxage, coupled to the converter chip, for accepting a
remevable disk through a fifth slot in the external housing, the removable mass storage
storiing data from the {lash-memory card in response to the converter chip,

whereby data is tans(erred to the removahle mass storage.

18.  The multi-flash-card reader of clain 17 further comprising:

an activating switch, closable by a user, for initiating transfer of data from 2 flash-
memory card inserted into the first, second, or third conmector to the removable mass
storage, the activating switch coupled to activate a transfer routine in the converter chip,

whereby user-activated data transfer to the removable mass storge is initiated by

the activaiing switch.

13, The multi-flash-card yeader of claim 1§ wherein the activating switch
operates when the host connection is not currently conncoted to the hast coimprter,
whereby the multi-fiash-card reader is 4 stand-ulone reader for transfesring data

from a flash-m=moty card Lo the removable mass storage.

20, The multi-flash-card reader of claim 19 whereln the removable niass

storage accepls a removable tape or a remavable rotating disk as a storage media.

21, Themulli-flash-card reader of claim 15 whercin the host congection is
through an intenal cable to a board for the host computer;

whersin the multi-flash-card reader {s in a computer chassis that contains the host
computer,

whereby the multi-flash-card reader ts internal.

22, The multi-flash-card reader of claim 21 wherein the mulii-flash-card

reader is located In a drive bay for an extra disk drive it the computer chassis.

JP 2004-503015 A 2004.1.29
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23, The multi-flash-card reader of elaim 15 wherein the converter chip further
compiises:

amemory for storing soutmes for detecting presence of the flash-memoty cards in
the first, second, and third eonnectors, and roufines for transfbrting duta from the flash-
meinory car to the hosi cormputer;

central processing unit means for exscuting the routines stored in the emory,

timers, coupled to the central processing unit means, for deterntining a ime
interval;

input-cutput means, responsive lo the central processiig updt means, for sensing
input signals from, the first, second, and thivd connectors, and for difving output sigmals
1o the first, second, and third connectors;

shift means, responsive 1o the central processing unit means, for shifing serfal
data from the thind and fourth comecrors, bist for shifting paraltel data from the: firet and

second connectors.
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