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COOPERATIVE INTERCONNECTION AND OPERATION OF A NON-
VOLATILE MEMORY CARD AND AN INPUT-OUTPUT CARD

BACKGROUND OF THE INVENTION

This invention relates, generally, to the use and structure of

removable electronic circuit cards and, more specifically, to the interconnection
and use together of non-volatile memory cards and input-output (“I/O”) cards.

Various commercially available non-volatile memory cards that
are becoming popular are extremely small and have different mechanical and/or
electrical interfaces. Examples include the related MultiMediaCard (“MMC")
and Secure Digital (“SD”) memory cards that are available from SanDisk
Corporation of Sunnyvale, California, assignee of the present application. There
are other cards that conform to standards of the International Organization for
Standardization (“ISO”) and the International Electrotechnical Commission
(“IEC”), an example that is widely implemented being known as the ISO/IEC
7816 standard.

The physical and electrical specifications for the MMC are given
in “The MultiMediaCard System Specification” that is updated and published
from time-to-time by the MultiMediaCard Association (“MMCA”). of Cupertino,
California. Versions 2.11 and 2.2 of that Specification, dated June 1999 and
January 2000, respectively, are expressly incorporated herein by this reference.
MMC products having varying storage capacity up to 64 megabytes in a single
card are currently available from SanDisk Corporation, and capacities of 128

megabytes are expected to be available in the near future. These products are



WO 02/19266 PCT/US01/27362

10

15

20

25

30

described in a “MultiMediaCard Product Manual,” Revision 2, dated April 2000,
published by SanDisk corporation, which Manual is expressly incorporated
herein by this reference. Certain aspects of the electrical operation of the MMC
products are also described in co-pending patent applications of Thomas N.
Toombs and Micky Holtzman, Serial Nos. 09/185,649 and 09/186,064, both
filed November 4, 1998, and assigned to SanDisk Corporation. The physical
card structure and a method of manufacturing it are described in U.S. patent no.
6,040,622, assigned to SanDisk Corporation. Both of these applications and
patent are also expressly incorporated herein by this reference.

The newer SD Card is similar to the MMC card, having the same
size except for an increased thickness that accomrﬁodates an additional memory
chip. A primary difference between them is that the SD Card includes additional
data contacts in order to enable faster data transfer between the card and a host.
The other contacts of the SD Card are the same as those of the MMC card in
order that sockets designed to accept the SD Card will also accept the MMC
card. The electrical interface with the SD card is further made to be, for the
most part, backward compatible with the MMC product described in version
2.11 of its specification referenced above, in order that few changes to the
operation of the host need be made in order to accommodate both types of card.
Certain aspects of the SD card are described in United States patent application
serial no. 09/641,023, filed August 17, 2000, which application is incorporated
herein by this reference.

Cards made according to the ISO/IEC 7816 standard are of a
different shape, have surface contacts in different positions, and a different
electrical interface than the MMC and SD Cards. The ISO/IEC 7816 standard
has the general title of “Identification cards - Integrated Circuit(s) Cards with
Contacts,” and consists of parts 1-10 that carry individual dates from 1994
through 2000. This standard, copies of which are available from the ISO/IEC in
Geneva, Switzerland, is expressly incorporated herein by this reference.

ISO/IEC 7816 cards are particularly useful in applications where data must be
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stored in a secure manner that makes it extremely difficult or impossible for the
data to be read in an unauthorized manner. The small ISO/IEC 7816 cards are
commonly used in cellular telephones, among other applications.

Currently, data is transferred between the memory card and some
external device through the host system to which the memory card is connected.
Not all host systems with which such memory cards are used are particularly
adapted to so transfer certain types or large amounts of data in a fast, efficient

and convenient manner.

SUMMARY OF THE INVENTION

Therefore, the present invention, briefly and generally, utilizes a

separate input-output card that is electrically and mechanically attached to a
memory card so that data transfers may be made through the input-output card
directly to and from the memory when the memory card is inserted into the host
system but without having to pass the data through the host system. The data
transfer is preferably accomplished independently of the host system, except for
the host supplying power, a clock signal, and possibly other like support, to both
cards during such a data transfer directly with memory card. The controller of
the memory card is modified so that is can also act as a controller to such direct
data transfer between the memory card and the input-output card.

In a preferred form, connectors are formed on mating edges of the
memory and input-output cards that are-easily but firmly latched when laterally
pushed together so that the two cards form a unit that may be handled as a single
card. One of the card connectors, for example, contains resilient metal fingers
between which mating metal pins or printed circuit board edge conductors of the
other card connector are inserted when the connectors are pushed together. The
connectors are prevented from inadvertently separating by a latch that
automatically engages between them when the two connectors are initially
pushed together. No separate rotation or other motion is required to attach the

connectors, nor is a separate latching operation necessary.
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Additional details, features and advantages of the present
invention will become apparent from the following description, which should be

taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a system in which a combination of a non-
volatile memory card and an input-output card are utilized;

Figure 2 shows the pin assignments of an example memory card
and system socket in which the card is inserted;

Figure 3 shows the memory card of Figure 2 with a first
embodiment of an added connector and an input-output card with a mating
connector;

Figure 4 is an outer view of the memory and input-output cards of
Figure 3 connected together;

Figures 5A and 5B are cross-sectional views of the memory and
input-output card connectors of Figures 3 and 4 taken at section 5-5 of Figure 3,
Figure 5A showing the connectors engaged and Figure 5B showing them
separated,

Figure 6 shows the memory card of Figure 2 with a second
embodiment of an added connector and an input-output card with a mating
connector;

Figure 7 is an outer view of the memory and input-output cards of
Figure 6 connected together;

Figures 8A and 8B are cross-sectional views of the memory and
input-output card connectors of Figures 6 and 7 taken at section 8-8 of Figure 6,
Figure 8A showing the connectors engaged and Figure 8B showing them
separated;

Figure 9 is an electronic block diagram of the memory cards of

Figures 3 and 6; and
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Figure 10 is an electronic block diagram of the input-output cards

of Figures 3 and 6.

DESCRIPTION OF SPECIFIC EMBODIMENTS

With reference to Figure 1, a host electronic system 31 is
illustrated to include a socket 33 into which one or more types of commercially
available memory cards summarized in the Background above may be inserted
and removed by the user. The host 31 may be a personal computer, in desktop
or notebook form, which includes the socket 33 that receives such a memory
card. Other examples of host systems containing such a card socket include
various portable electronic devices, such as hand held computers, personal
organizers, other personal digital assistants (“PDAs”), cellular telephones, music
players, -and the like. Additionally, auto radios and global position system
(“GPS”) receivers also can have such a memory card socket. The improvements
of the present invention have application to a wide variety of host systems that
include a memory card socket.

In the examples described herein, the SD card is described but it
will be understood that the invention is not limited to implementation with any
specific type of memory card. In Figure 2, the physical configuration of a SD
card 35 and a mating socket 33 are shown. The SD card is rectangular in shape,
having dimensions of 24 millimeters by 32 millimeters, with a thickness of 2.1
millimeters and narrow rails (not shown in Figure 2) along the longer sides of
the card that are 1.4 millimeters thick. The present invention may be
implemented with a memory card having one of a wide variety of sizes but has a
high degree of usefulness with memory cards that are less than 50 millimeters in
length, 40 millimeters in width and 3 millimeters in thickness.

The SD card 35 contains nine surface electrical contacts 10-18.
Contacts 13, 14 and 16 are connected to power (Vss, Vpp and Vssz) when
inserted into the host system socket 33. Card contact 15 receives a clock signal

(CLK) from the host. Contact 12 receives commands (CMD) from the host and
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sends responses and status signals back to the host. The remaining contacts 10,
11, 17 and 18 (DAT 2, DAT 3, DAT 0 and DAT 1, respectively) receive data in
parallel for storage in its non-volatile memory and send data to the host in
parallel from the memory. A fewer number of data contacts are selectable for
use, such as a single data contact 17. The maximum rate of data transfer
between the host and the card is limited by the number of parallel data paths that
are used. The MMC card described in the Background above has a similar
contact layout and interface but omits the data pins 10 and 18 and does not use
the contact 11, which is provided as a spare. The MME card has the same
dimensions and operates similarly to the SD card except that the card is only 1.4
millimeters thick and has a single data contact 17. The contacts of the card 37
are connected through respective pins 20-28 of the socket 33 to its host system.
The present invention includes modifying a memory card, such as
the memory card 35, by adding a connector, such as indicated at 36, the modified
card being identified as 35’ in Figure 1. The connector 36 attaches to a mating
connector of an input-output card 37 in order to mechanically and electrically
couple the two cards together. The input-output card 37 communicates directly
with some other system 39 over a communications path 41.  The
communications path 41 can be wireless, such as by use of an infra-red or radio
frequency signal, or can include a wired connection. If by wires, the input-
output card 37 includes an external socket to removably receive a plug that is
attached to the wires. If wireless, the card 37 includes an antenna within it, if
using radio frequency communication, or an infra-red emitter and detector, if
infra-red communications is being used. An emerging standard for radio
frequency data communication has been published as the Bluetooth
Specification, which is discussed by Wilson and Kronz, in two articles entitled
“Inside Bluetooth Part I” and “Inside Bluetooth Part II”, appearing in the issues
of Dr. Dobb's Journal for March, 2000 (beginning at page 62) and April 2000
(beginning at page 58), which articles are incorporated herein by this reference.

The transfer of data over the communications path 41 will usually be in two
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directions but can certainly be limited to one direction or the other for specific
applications.

One or more of a number of input-output functions may be
included in the card 37. A modem is one example, where the communicating
system 39 is a telephone system. A general data transfer function likely has a
high degree of usefulness because of the wide variety of types of data that users
want to transfer. This includes the transfer of audio and video data, large
database files, games and various other computer programs. Such data is
transferred directly between the remote system 39 and the memory card 35’
without having to go through the host system 31 of which the card 35’ is a part.
This is a form of direct memory access (‘DMA”), and has particular advantages
when long streams of data are being transferred. The host 31 need not have the
hardware or software to handle such data and the communications function.
This is performed entirely by the peripheral input-output card 37 and memory
card 35’. Any limitations of the host system 31 for handling high speed data
transfers, a limited internal memory capacity, or the like, do not limit transfers of
data directly with the memory card 35’. The host 31 does, however, provide
power and a clock signal to the memory card 35’ which are also used by the
input-output card 37.

| The mechanical and electrical interconnection of the memory and
input-output cards is illustrated, according to one embodiment, in Figures 3, 4,
5A and 5B. An SD card 51 is shown in Figure 3 from its side opposite to that
containing the external contacts. A connector 53, for coupling with an input-
output card 55, is provided at an end of the SD card 51 opposite to the end
carrying the card’s external contacts. The connector 53 is shown with a covering
portion of the card outside shell removed. A mating connector 57 is included
along an edge of the input-output card 55. A pair of pins 59 are carried by the
card 55 and extend outward from its end on opposite sides of its connector 57.
Mating apertures 61 are included on the edge of the card 51 on opposite sides of
its connector 53. When the cards 51 and 55 are urged together, the pins 59 are
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inserted into their mating apertures 61, with the pins 59 flexing sufficiently for
their pointed sides to be caught within detents of their mating apertures 61. This
prevents the cards from being pulled apart until the pins 59 are flexed to release
their engagement with the detents of the apertures 61. While so attached, the
mating connectors 53 and 57 also establish electrical connection between the two
cards.

In the specific example shown, the connector 53 includes 9 metal
contacts formed directly on an end of a printed circuit board 63 of the SD card
51. Each of these contacts, such as a contact 65 shown in Figures 5A and 5B, is
wrapped around the edge of the board 63. A similar number of spring loaded
contacts, guch as metal spring elements 67 and 69 forming one such contact, are
urged against their respective metal contacts of the card 51 when that card is
inserted between the spring elements. Since the spring elements protrude
outward of the end of the input-output card 55, they are protected from damage
by a rigid cover 71 that extends along the entire width of the connector 57.
When the cards 51 and 55 are so coupled together, there are multiple separate
electrical wires (9 in this example) that connect a memory controller within the
SD card 51 with the communications circuits of the input-output card 55.

A second embodiment of the mechanical and electrical
interconnection of an SD card 73 with an input-output card 75 is illustrated in
Figures 6, 7, 8A and 8B. In this case, mating connectors 77 and 79 have a
different structure, although connection is also made by urging the mating edges
of the two cards together. Once connected, the cards are held together against
separation by the same pins 59 and aperture 61 as in the first embodiment. Of
course, in this and the first embodiment, any other convenient known mechanical
latch mechanism suitable for such small cards may be alternatively be employed.

In this second embodiment, the connector 77 is added on to the
end of the printed circuit board 81 that is internal to the SD card. Each electrical
contact includes a pair of resilient elements 83 and 85 that are urged toward each

other. The connector on the input-output card 75 includes a number of pins,
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such as a pin 87, that is positioned to be inserted between the pair of resilient
elements 83 and 85 that are in the same position as the pin along the width of the
cards’ mating edges. These pins are supported by a connector block 91 that is
attached to an end of a printed circuit board 91 within the input-output card 75.
The extending pins are also mechanically protected by an extension 93 of the
card 75 outer housing that surrounds the pins. |

An advantage of the card connection mechanisms described
above is that they firmly attach the memory and input-output cards together by a
simple lateral motion pushing the connectors together. Once attached, they can
be handled as a single card, such as being removed from or inserted into the
memory card socket of the host system.

There are no particular restrictions on the size of the input-output
cards 55 and 75 but it is preferable that they be made as small and light as
possible. A size in plan view of less than 50 millimeters in length and 40
millimeters in width is quite convenient when being attached to memory cards
that are also less that this size. The thickness of the input-output cards may need
to be made more than that of the SD memory cards in order to accommodate an
additional number of integrated circuit chips and/or an antenna for radio
frequency communication. But the input-output card thickness can be made less
than 6 millimeters, and often less than 4 millimeters. The width of the input-
output card along its edge containing the connector is most conveniently made to
be substantially the same as the width of the memory card along its edge
containing the mating connector.

Referring to Figure 9, the electronic system within a modified SD
card 51 and 73 is illustrated in block diagram form. A controller 101
communicates with one or more memory units 103 over lines 105. The
controller includes a micro-processor 107 and its interface circuits 109. The
interface circuits 109, in turn, are interconnected with a memory 111, host
interface circuits 113, memory interface circuits 115 and circuits 117 to interface

with an input-output card. The memory unit 103 includes a controller interface
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connected to the lines 105 and a flash memory cell array 121. The controller
101 and each memory unit 103 are usually provided on separate integrated
circuit chips attached to and interconnected on the card’s printed circuit board,
but the trend is to combine more onto single chips as improving processing
technology allows. ’

A connector schematically indicated at 123 that is connected to
the host interface 113 includes the surface contacts of the SD card that are
inserted into the card socket 33 (Figures 1 and 2). A connector schematically
indicated at 125 that is connected to the input-output interface represents the
connectors 53 and 77 of the respective embodiments described with respect to
Figures 3-8B. Thus, the memory controller of the memory card has been
modified to allow it to control the flow of data with an input-output card that is
connected to the memory card, as well as to continue to control the flow of data
with the host system. The controller 101 controls flow of commands and data
between the memory units 103, a host to which the memory card is connected
and any input-output card connected with the memory card. If no iriput—outplit
card is so connected, the controller 101 managés operation of the memory units
103 and their communication with the host in substantially the same manner as it
does in current SD cards.

The electronic system within the input-output cards 55 and 75 is
schematically shown in Figure 10. A connector 131 corresponds to the
connectors 57 and 79 of the embodiments of Figures 3-8B. It is connected with
a controller interface circuit 133, which, in turn, is connected with a processor
interface circuit 135. A micro-processor 137 that controls operation of the input-
output card, and a memory 139, are also connected with the processor interface
135. Finally, circuits 141 are further connected with the processor interface 135
for interfacing between the processor and signals or data that are sent and/or
received through a transmission device 143. If wired communication is used, the
device 143 is a receptacle for a plug. If wireless using radio frequencies, the

device 143 is an antenna. If wireless using infra-red communication, the device
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143 includes an emitter and/or detector of an infra-red radiation signal. In any
event, the micro-processor 137 controls the transfer of data between the device

143 and the connector 131.
Although various aspects of the present invention have been
5 described with respect to specific embodiments, it will be understood that the

invention is protected within the full scope of the appended claims.
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IT IS CLAIMED:

1. A method of ‘ communicating data between a non-volatile
memory card connected with a host system and an external device, comprising
electrically and mechanically attaching an inpht-output card to the memory card
and communicating data between the memory card and the external device

through the input-output card rather than through the host system.

2. The method of claim 1, wherein- data is wirelessly
communicated between the input-output card and the external device through an

antenna included within the input-output card.

3. The method of claim 1, wherein attaching the input-output
card to the memory card includes engaging mating connectors provided on edges
of the memory and input-output cards, wherein the memory card connector is
positioned on an opposite side of the memory card from an edge along which

electrical contacts are positioned that are connected with the host.

4. The method of claim 3, wherein engaging mating
connectors includes laterally pushing said mating connectors together in a
manner to automatically both establish electrical contact between and
mechanically latch the memory and input-output cards together to resist their

pulling apart.

5. The method of claim 1, wherein communicating data
between the memory card and the external device through the input-output card
utilizes a controller in the memory card that also controls the transfer of data

between the memory in the memory card and the host system.
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