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(57) ABSTRACT 

A removable electronic circuit card has multiple modules 
connected to the card’s bus in parallel so that each module 
can exchange commands and data independently With the 
host. According to a ?rst aspect of the present invention, this 
achieved by a controller-to-controller interface Whereby the 
modules can facilitate their interactions With the host. In a 

?rst set of embodiments, the modules are on a single card, 
While in a second set of embodiments the modules are 

distributed across multiple cards, Where a ?rst card attaches 
to the host and other cards attach to the ?rst card rather than 
directly to the host. In all of these cases, the host sees the 
multiple modules as a single card having a single module. In 
a further aspect of the present invention, the card or cards are 
able to communicate With the host in more than one proto 
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S Start bit (='0’) 

H Signal is Driven HIGH by the Card 

Z High Impedance State, Line is Driven HIGH by the Pull-up Resistor 

L Signal is Driven LOW by the Card 

X Don’t Care Data Bits (from Card) 

Table 1: Timing Diagram Symbols 

I/O Sends Interrupt 
According to 
Interrupt Period 

Widebus Data Transfer‘ dat1 
to / from MEM 

110 

k 303 

Mem Indicates to 1/0 
F I G. _ 7 Valid Interrupt Periods 

To Host 

I/O 

L 303 

“0” Indicates that 1/0 
F I G- _~ 9 Controller is Connected 
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Label Min Max Unit 

Nos 0 - 8 Clock Cycles 

NOR 1 8 8 Clock Cycles 
NWH 1 - 8 Clock Cycles 

TAHI 1 1 1 Clock Cycle 
TABS 1 1 1 Clock Cycle 
TASE 3 3 1 Clock Cycle 
TAIP 2 2 1 Clock Cycle 
T513 4 4 1 Clock Cycle 
TCBS 1 5 1 Clock Cycle 
TCRS - 3 1 Clock Cycle 

TCEI O ' _ 3 1 Clock Cycle F IG. _ 15 

Table 2: Bus Timing Values 
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Parameter 5Ymb°| 

Output Delay Time tODLY 

Output Hold ‘lime 10H 

Table 3: Line [A] in SD Mode - Parameters Values 

FIG. _ 18 

Parameter $Ymb°| 

Input Set-up 'l'lme TISU 

lnput Hold ‘lime TIH 

Output Delay Time TQDLY 

Output Hold Time tOH 

Table 4: Lines [B,C] in SD and SP1 Mode, 
Line [A] in SPI Mode - Parameters Values 

Pin Description 

Type 

P_CONT_A - I/O, PU_PP 16mA SD Mode - “H” : Interrupt Period; 
INT_PER_IGNOR_DI SPI Mode - “L”: DI Ignore 

P_CONT_B - I/O, PU_PP t6mA L - Out of CMD Response Period - 

CMD_RESP”IO_DET Indicates I/O Card Detect; 
During CMD Response Period - Indicate 
to Clear lllegal CMD & COM CRC 
ERROR Flag 

P~CONT_C - l/O, PU_PP 16mA L - Indicate that lllegal CMD Received 
ILLEG_CMD 

Note: (1) Output Types - I/O : lnputOutput, PP : Push-Pull, PU = Pullup 

Table 5: Pin Description of the SDIO Interface 

FIG._20 
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EFFICIENT CONNECTION BETWEEN MODULES 
OF REMOVABLE ELECTRONIC CIRCUIT CARDS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This is a continuation of co-pending patent appli 
cation Ser. No. 11/303,220, ?led Dec. 15, 2005, Which is a 
continuation of application Ser. No. 10/732,149, ?led Dec. 
9, 2003, Which applications are incorporated herein by this 
reference. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates, generally, to the use and 
structure of removable electronic circuit cards and, more 
speci?cally, to the connections betWeen card modules on 
either a single card or on individual cards. 

[0003] Various commercially available non-volatile 
memory cards that are becoming popular are extremely 
small and have different mechanical and/or electrical inter 
faces. Examples include the related MultiMediaCard 
(“MMC”) and Secure Digital (“SD”) memory cards that are 
available from SanDisk Corporation of Sunnyvale, Calif., 
assignee of the present application. There are other cards 
that conform to standards of the International Organization 
for Standardization (“ISO”) and the International Electro 
technical Commission (“IEC”), an example that is Widely 
implemented being knoWn as the ISO/IEC 7816 standard. 

[0004] The physical and electrical speci?cations for the 
MMC are given in “The MultiMediaCard System Speci? 
cation” that is updated and published from time-to-time by 
the MultiMediaCard Association (“MMCA”) of Cupertino, 
Calif. Versions 2.11 2.2, and 3.1 of that Speci?cation, dated 
June 1999, January 2000, and June 2001, respectively, are 
expressly incorporated herein by this reference. MMC prod 
ucts having varying storage capacity up to 128 megabytes in 
a single card are currently available from SanDisk Corpo 
ration. These products are described in a “MultiMediaCard 
Product Manual,” Revision 2, dated April 2000, published 
by SanDisk Corporation, Which Manual is expressly incor 
porated 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, Ser. Nos. 09/185,649 and Ser. No. 09/186, 
064, both ?led Nov. 4, 1998, and assigned to SanDisk 
Corporation. The physical card structure and a method of 
manufacturing it are described in US. Pat. No. 6,040,622, 
assigned to SanDisk Corporation. Both of these applications 
and patent are also expressly incorporated herein by this 
reference. 

[0005] The neWer SD Card is similar to the MMC card, 
having the same size except for an increased thickness that 
accommodates an additional memory chip. A primary dif 
ference betWeen them is that the SD Card includes addi 
tional 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 and functional interface With the 
SD card is further made in such a Way that the sockets 
designed to accept the SD card can also be made to accept 
the MMC card, as is described in PCT published application 
number 02/ 15020 of Yoram Cedar, Micky Holtzman, and 
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Yosi Pinto, published Feb. 21, 2002, and hereby incorpo 
rated by this reference. Certain aspects of the SD card are 
described in US. patent application Ser. No. 09/641,023, 
?led Aug. 17, 2000, Which application is incorporated herein 
by this reference. (The speci?cations of the SD card are 
available to member companies of the SD Association 

(SDA).) 
[0006] Cards made according to the ISO/IEC 7816 stan 
dard 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 “Identi?cation 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 refer 
ence. ISO/IEC 7816 cards are particularly useful in appli 
cations Where data must be stored in a secure manner that 
makes it extremely dif?cult 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. 

[0007] Recently, cards have been described that alloW 
multiple modules having different functionalities to be 
attached to the host. These include a single card having 
multiple modules and cards Where the modules are distrib 
uted betWeen several cards, but Where a ?rst card attaches 
directly to the host and the other cards attach to the ?rst card 
rather than directly to the host, such as is described in 
co-pending US. patent application Ser. No. 09/653,062, 
?led Sep. 1, 2000, Which is hereby incorporated by refer 
ence. For example, the modules could include a memory 
module and an input-output module, Where both modules 
are in a single, combination card, or Where a memory card 
is designed to attached to the host on one end and attach to 
an input-output card on the other end. Such multi-module 
cards need to be designed so that they may operate With the 
host in a fast, ef?cient and convenient manner. 

SUMMARY OF THE INVENTION 

[0008] Therefore, the present invention, brie?y and gen 
erally, utilizes a removable electronic circuit card having 
multiple modules connected to the card’s bus in parallel so 
that each module can exchange commands and data inde 
pendently With the host. According to a ?rst aspect of the 
present invention, this achieved by a controller-to-controller 
interface Whereby the modules can facilitate their interac 
tions With the host. In a ?rst set of embodiments, the 
modules are on a single card, While in a second set of 
embodiments the modules are distributed across multiple 
cards, Where a ?rst card attaches to the host and other cards 
attach to the ?rst card rather than directly to the host. In all 
of these cases, the host sees the multiple modules as a single 
card having a single module. In a further aspect of the 
present invention, the card (or cards) are able to communi 
cate With the host in more than one protocol. 

[0009] The exemplary embodiment is described in terms 
of a SD type removable electronic circuit card having both 
a memory module With a non-volatile mass storage memory 
and a separate input-output module. Each of the modules 
have their oWn controller, each of Which is connected in 
parallel to the main card bus (the SD bus) by Which the 
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controllers can exchange commands and data With the host. 
Typically, each of the modules Will have a differing set of 
legal commands: Although they may share some commands 
in common, for example a reset command, each Will have a 
speci?c set of commands of its oWn. To facilitate this 
parallel connection of the controllers to the bus, the present 
invention introduces a set of controller-to-controller lines. In 
the exemplary embodiment, based on a card that can utiliZe 
both the SD or MMC protocol as Well as the SPI protocol, 
three such line are used. These lines alloW one controller to 
indicate to the other controller to ignore the data on the bus, 
that it is an acceptable time to issue an interrupt command, 
or to manage the setting and clearing of ?ags related to 
illegal commands. They also alloW one controller to indicate 
to the other controller that it is attached and active, since the 
present invention may also be implemented in a multi-card 
embodiment Where the other module may or may not be 
attached. 

[0010] In a single card embodiment, all of the modules are 
contained in a single card conforming to a particular stan 
dard that is attachable to the host. In a multi-card embodi 
ment, a ?rst card (such as the memory card) is attachable to 
the host, but also includes a connector for the attachment of 
one or more additional cards, such as an input-output card. 
In the multiple card case, both the main card bus and the 
controller-to-controller interface Would extend across the 
connectors interface, so that When the second card is 
attached it Would operate in the same manner as the single 
card embodiment. 

[0011] The exemplary embodiments are described for the 
modules being able to communicate With a host in multiple 
protocols, speci?cally, the SD or MMC and the SPI proto 
cols, although others may be uses. The controller-to-con 
troller lines can have differing functions that depend upon 
Which protocol is being used. As the controller-to-controller 
lines alloW the parallel-connected modules to operate as a 
single entity as seen by the host, in the SD and MMC 
protocols, the modules all share a common relative card 
address (RCA), and in the SPI protocol, the modules are all 
responsive to the same chip select (CS) signal. 

[0012] 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 

[0013] FIGS. 1a and 1b illustrates systems in Which a 
non-volatile memory module and an input-output module 
are utiliZed respectively in a combination card embodiment 
and tWo card embodiment. 

[0014] FIG. 2 shoWs the pin assignments of an example 
card and system socket in Which the card is inserted. 

[0015] FIG. 3 is a block diagram of an exemplary com 
bination memory/input-output card con?guration. 

[0016] FIG. 4a is a schematic representation of using line 
[A] in SPI mode for the I/O controller to indicate to the 
memory controller to ignore host data. 

[0017] FIG. 4b is a schematic representation of using line 
[A] in SPI mode for the memory controller to indicate to the 
I/O controller to ignore host data. 
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[0018] FIG. 5 is a bus timing diagram for line [A] in SPI 
mode. 

[0019] FIG. 6 is a table of timing diagram symbols. 

[0020] FIG. 7 is a schematic representation of using line 
[A] in SD mode for the memory controller to indicate to the 
I/O controller valid interrupt periods. 

[0021] FIG. 8 is a bus timing diagram for line [A] in SD 
Wide bus mode. 

[0022] FIG. 9 is a schematic representation of using line 
[B] in non-command response periods to indicate to the ?rst 
card’s controller that the second card is attached. 

[0023] FIG. 10a is a schematic representation of using line 
[B] for the I/O controller to indicate to the memory con 
troller that is responding. 

[0024] FIG. 10b is a schematic representation of using line 
[B] for the memory controller to indicate to the I/O con 
troller that is responding. 

[0025] FIG. 11 is a bus timing diagram for sense and drive 
periods on line 

[0026] FIG. 12 is a block diagram of hoW one controller 
uses line [C] to indicate to another controller to set the illegal 
command ?ag. 

[0027] FIG. 13 is a bus timing diagram for an illegal 
command to the memory controller folloWed by a legal one 
on line [C]. 

[0028] FIG. 14 is a bus timing diagram of line [C] used 
together With line [B] in order to control the card detect 
logic. 
[0029] FIG. 15 is a table of exemplary bus timing dia 
grams. 

[0030] FIG. 16 is a timing diagram of control line [A] in 
SD mode. 

[0031] FIG. 17 is a timing diagram of control lines [B,C] 
in SD and SPI mode, line [A] in SPI mode. 

[0032] FIG. 18 is a table of parameters for line [A] in SD 
mode. 

[0033] FIG. 19 is a table of parameters for lines [B,C] in 
SD and SPI mode, line [A] in SPI mode. 

[0034] FIG. 20 is a pin description for the controller to 
controller interface. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

[0035] With reference to FIG. 1a, a host electronic system 
31 is illustrated to include a socket 33 into Which one or 
more types of commercially available removable electronic 
circuit card, such as the memory cards summariZed in the 
Background above, may be inserted and removed by the 
user. The socket 33 may be built into the host 31 or 
physically separate and connected by a cable or cableless 
means. The host 31 may be a personal computer, in desktop 
or notebook form, Which includes the socket 33 that receives 
such a 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 
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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. 

[0036] 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 speci?c type of remov 
able electronic circuit card. In FIG. 2, the physical con?gu 
ration 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 FIG. 2) along the 
longer sides of the card that are 1.4 millimeters thick. The 
present invention may be implemented With a card having 
one of a Wide variety of siZes but has a high degree of 
usefulness With cards that are less than 51 millimeters in 
length, 40 millimeters in Width and 3 millimeters in thick 
ness. 

[0037] The SD card 35 contains nine surface electrical 
contacts 10-18. Contacts 13, 14 and 16 are connected to 
poWer (VSS, VDD 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 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 (and the maximum clock 
rate. 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 MMC 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 35 are connected through respective pins 
20-28 of the socket 33 to its host system. Other extensions 
of memory cards that are compatible With the present 
invention are described in US. patent application Ser. No. 
09/924,185 ?led Aug. 2, 2001, Which is hereby incorporated 
by reference. 

[0038] The present invention is based on removable elec 
tronic circuit card, such as card 35 of the embodiment of 
FIG. 111 that includes, in addition to a memory module such 
as indicated at 36, an input-output module 37. The input 
output module 37 may communicate directly With some 
other system 39 over a communications path 41. The com 
munications path 41 can be Wireless, such as by use of an 
infrared or radio frequency signal, or can include a Wired 
connection. If by Wires, the card 35 includes an external 
socket to removably receive a plug that is attached to the 
Wires. If Wireless, the card 35 includes an antenna Within it, 
if using radio frequency communication, or an infrared 
emitter and detector, if infra-red communications is being 
used. An emerging standard for radio frequency data com 
munication has been published as the Bluetooth Speci?ca 
tion, 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 
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page 58), Which articles are incorporated herein by this 
reference. Other Wireless schemes include those based on 
the 802.11 protocol, such as WiFi, and ultra-Wideband 
(UWB) technologies. The transfer of data over the commu 
nications path 41 Will usually be in tWo directions but can 
certainly be limited to one direction or the other for speci?c 
applications. 
[0039] In some applications, the incident signal 41 may 
not explicitly originate With an external system 39. For 
example, the input-output module 37 could contain a pho 
tosensor or lens integrated into the card in order to function 
as a camera module. In this case, the signal 41 Would be the 
incident radiation and the card Would form a stand-alone 
unit and Would not need to interact through a cable or 
antenna With any entity but the host. 

[0040] In the exemplary embodiment of FIG. 1a, the 
combination card 35 including the input-output module 37 is 
based on and compatible With the SD memory card as 
described in the Background. This compatibility includes 
mechanical, electrical, poWer, signaling and softWare. The 
intent of the combination card 35 is to provide high-speed 
data I/O With loW poWer consumption for mobile electronic 
devices. A basic goal is that a combination card inserted into 
a non-combination card aWare host Will cause no physical 
damage or disruption of that device or its softWare. In this 
case, the I/O module functionality should simply be ignored. 
Once inserted into a combination card aWare host, the 
detection of the card Will be via the normal means described 
in version 2.11 of the MMC speci?cation or US. patent 
application Ser. No. 09/641,023, both incorporated by ref 
erence above, With some extensions. In this state, the com 
bination card Will be idle and draW a small amount of poWer 
(15 mA averaged over 1 second). During then normal 
initialiZation and interrogation of the card by the host, the 
card Will identify itself as a combination card device. The 
host softWare Will then obtain the card information in a tuple 
(linked list) format and determine if the card’s I/O func 
tion(s) are acceptable to activate. This decision Will be based 
on such parameters as poWer requirements or the availability 
of appropriated softWare drivers. If the card is acceptable, it 
Will be alloWed to poWer up fully and start the I/O and 
function(s) built into it. More details on the operation of the 
exemplary embodiment of FIG. 1a is given in co-pending 
US. patent application Ser. No. 10/302,009, ?led on Nov. 
21, 2002, Which is hereby incorporated by reference. 

[0041] An alternate exemplary embodiment of the present 
invention is shoWn in FIG. 1b, Where the memory module 
and input-output modules are on separate cards. The alter 
nate exemplary includes modifying a memory card, such as 
the memory card 35, by adding a connector, such as indi 
cated at 36 in FIG. 2, the modi?ed card being identi?ed as 
35' in FIG. 1b. The connector 36 attaches to a mating 
connector of an input-output card 37 in order to mechani 
cally and electrically couple the tWo cards together. Under 
this arrangement, although the second card 37 Will conform 
functionally to the appropriate standard, such the SD or SD 
IO card standard in the example, it need not necessarily 
conform mechanically, alloWing the ?rst card 35' to also 
serve as a physical adapter. The input-output card 37 com 
municates directly With some other system 39 over a com 
munications path 41. More details on the operation of the 
exemplary embodiment of FIG. 1b, including the mechani 
cal aspects of the card to card attachment, are given in 
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co-pending US. patent application Ser. No. 09/653,062, 
?led Sep. 1, 2000, incorporated by reference above. 

[0042] Although the exemplary embodiments of FIGS. 1a 
and 1b, as Well as most of the following discussion, are 
based on tWo modules, speci?cally a memory module and an 
input-output module, more generally there can more mod 
ules distributed among a single card, as in FIG. 1a, or 
multiple cards, as in FIG. 1b. In either case, hoWever, only 
one card Will be attached to the host. For example, 35 of 
FIG. 111 can contain multiple I/O modules, or in FIG. 1b card 
37 can contain multiple input-output modules or can have 
35' can have multiple input-output cards attached. Generally, 
the various aspects of the present invention Will be described 
for a single card connected to a host. The card Will either 
contain multiple modules Within the card itself (a “combo 
card”) or have one or more cards, Which themselves contain 
modules, connected to the host through it. 

[0043] The exemplary embodiments Will also be described 
for the case Where the card (or cards) is able to communicate 
With the host through a plurality of protocols, such as is 
described in US. patent application Ser. No. 09/186,064 
incorporated above. Speci?cally, these Will be either the 
MMC or SD (described in version 2.11 of the MMC 
speci?cation or US. patent application Ser. No. 09/641,023 
both incorporated by reference above) protocol and the SP1 
protocol in the exemplary embodiment. 

[0044] FIG. 3 is a block diagram of an exemplary embodi 
ment for a combination card 35 conforming to the appro 
priate SD card standards and having a memory module and 
input-output module. In the memory module, only the 
controller 301 is explicitly shoWn and, similarly, only the 
controller 303 is shoWn in the I/O module. The I/O module 
(Which can contain multiple I/O functions) is here designed 
to Work together With the speci?c card type selected and 
complies With the appropriate speci?cation as incorporated 
above. Also as noted above, the embodiment is taken to 
support both SD bus and SP1 bus modes, as described in the 
incorporated references. The bus structure by Which the 
modules exchange data and commands With the host is 
shoWn at 331. In particular, the bus conforms to the SD 
standard and includes a clock line CLK, a command line 
CMD, data lines DATO-3, and poWer supply lines at Vdd and 
Vss. For a tWo card implementation, the broken line 307 
indicates a boundary betWeen a memory card (35') that 
connects to the host directly and an input output card (37) 
that connects to the memory card. The bus 331 again extends 
through both cards and connects to both controllers. 

[0045] The scope of the folloWing discussion Will mainly 
de?ne the functional characteristics of the SD card With the 
I/O expansion slot, along With related electrical and timing 
issues. In the embodiment of FIG. 3, both the memory 
controller 301 and the I/O controller 303 are connected on 
the same bus for communicating With the host. Thus each 
module Would be able to independently communicate With 
the host, but the host still sees only a single card. For the 
exemplary protocols, this results in only a single relative 
card address (RCA) being de?ned for the card in SD or 
MMC mode and only single chip select (CS) signal being 
used for the card in SPI mode, even though the card (or 
cards) Will contain more than a single module. To facilitate 
the operation of multiple modules connected in parallel to 
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the host While still alloWing the host to see them as a single 
card , the connection 333 is implemented betWeen the tWo 
controllers. 

[0046] The exemplary connection has three control lines, 
A, B, and C through Which the controllers can exchange 
signals to alloW the modules to sort out Which commands 
and data from the host are meant for Which module. As both 
modules are identi?ed by the host by the same relative card 
address (RCA) or chip select (CS) signal, but many com 
mands are speci?c to just one module, the control lines alloW 
the modules to facilitate these host interactions. For 
example, if the host sends a command speci?c to the I/O 
module folloWed by some data, the memory module Would 
interpret the command as illegal. Instead, the control lines 
333 alloW the I/O controller 303 to inform the memory 
controller 301 that the command is not illegal, but, rather, 
intended for the I/O module and that the memory module 
should ignore the folloWing data. In the exemplary embodi 
ment, it Will be assumed that most commands are speci?c to 
one module or the other, With a small number of commands 
shared in common. Examples of such common commands 
are a card reset command, commands related to establish a 
RCA for the card as a Whole, commands related to CS 
signals, and other commands that alloW the largely inde 
pendent modules to function as a single card as vieWed from 
the host. Other commands may also be common to both 
modules, such as commands related to DMA type transfers 
betWeen the modules that are described further in patent 
application Ser. No. 10/302,009. 

[0047] The interface control lines Will be described in 
more detail, beginning With line Line [A] is also labeled 
INT_PER_IGNOR_DI on FIG. 3 and has a dual function 
ality, depending on Whether the communication is in SD 
mode, Where it functions as a VALID MEMORY INTER 
RUPT PERIOD line, or in SPI mode, Where it function as a 
IGNORE DI INPUTS line. In SPI mode, data and com 
mands/responses are sent serially, coming in on the CMD 
(noW the data in, or DI) line and out on the DATO (noW the 
data out, or DO) line. As both modules are connected in 
parallel, both modules are listening in on the SD bus 331 and 
data/ commands sent to one module might be interpreted by 
the Wrong module. Line [A] in the SP1 mode is used one 
controller to indicate to the other controller to ignore DI 
input. Default is implemented as pull-up mode. “0” set by 
one of the controllers (IO or Memory) indicates to the other 
controller to ignore DI input. The reason for control line [A] 
is that the data that Was sent to one controller may be 
interpreted as a command by the other controller. Since both 
controllers Will not receive data on the same time, the same 
control line [A] Will be used from I/O to Memory and from 
Memory to I/O. 

[0048] FIG. 4a is an example for indication from the I/O 
controller to the Memory controller to ignore DI. The I/O 
controller receives a command that Will be folloWed by a 
DATA reception, so the I/ O controller starts to assert line [A] 
to Zero TARI clocks after the last bit of the command 
response. The I/O controller Will release line [A] TABS 
clocks (de?ned in FIG. 5) after the last busy bit. The 
Memory controller sense the ‘loW’ on line [A] and from noW 
on the memory controller Will ignore DI input until the I/O 
controller releases line 

[0049] FIG. 4b is an example for indication from the 
Memory controller to the I/O controller to ignore DI. The 
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Memory controller receives a command that will be fol 
lowed by a DATA reception, so the Memory controller starts 
to assert line [A] to Zero TARI clocks after the last bit of the 
command response. The Memory controller will release line 
[A] TABS clocks after the last busy bit. The U0 controller 
sense the ‘low’ on line [A] and from now on the I/O 
controller will ignore DI input until the Memory controller 
releases line An example of line [A] bus timing in SPI 
mode is shown in FIG. 5, with diagram symbols de?ned in 
Table l of FIG. 6. 

[0050] In SD mode, line [A] is used for a sending a VALID 
MEMORY INTERRUPT PERIOD signal from the memory 
module to the I/O module, as shown in FIG. 7. This signal 
indicates that the I/O controller 303 is allowed to send an 
interrupt to the host according to the SD bus protocol, since 
if the I/O module sends an interrupt to the host on the bus 
331 at a non-allowed time, this may corrupt data being 
exchanged between the memory module and the host. The 
U0 controller 303 must check this line before sending 
interrupt to the host. “1” indicates valid Interrupt period and 
“0” indicates a non-valid interrupt period. As described in 
the various references incorporated above, in SPI and l-bit 
(or narrow) SD mode Pin 8 (DAT1) is used as interrupt 
signal. In 4-bit (or wide) SD mode Pin 8 (DAT1) is used for 
data transfers and for interrupt signal. Line [A] is used to 
prevent bus contention on Pin 8 while working in 4-bit SD. 
Line [A] indication from the memory to the I/O has special 
timing as follows: 

[0051] 
‘high’. 

[0052] 2) In 4-bit (wide) SD mode the interrupt period 
will start TALP clocks after line [A] goes to ‘high’. 
Interrupt period will be ?nished TASE clocks after line 
[A] goes to ‘low’. In the ?rst 2 clocks the I/O controller 
will drive ‘low’, on the 3rd clock the I/O controller will 
drive ‘high’, on the 4th clock the I/O controller will 
stop to drive the interrupt signal. 

1) In l-bit (narrow) SD mode, line [A] is always 

[0053] The line [A] bus timing for a read command in 
wide bus SD mode is shown in FIG. 8. The memory 
controller does not support interrupt periods between data 
blocks in the 4-bit data transfer mode. 

[0054] Line [B] is also labeled CMD_RESP_IO_DET on 
FIG. 3 and also has more than one functionality, depending 
on whether the device is in a command response period, 
where it functions as a command response indication line, or 
is not in a command response period, where it function as a 
U0 card detection line. As shown schematically in FIG. 9, 
during non-command response periods, the memory con 
troller is in input mode on line [B], which is used by the I/O 
controller to indicate that I/O card is present. Of course, in 
single card embodiments, the I/O module will always be 
present as it is on the same card; but in cases where a module 
is on a separate card, such as 37 in FIG. 1b, this allows the 
card that is directly connected to host (i.e., 35') to know that 
the second card (i.e., 37) is attached. Otherwise, if there is 
no response on bus 331 to a command, it would not be clear 
to the controller 301 whether the card 37 was absent, or 
whether controller 303 was just not responding. The U0 
card’s controller 303 drives line [B]‘low’ at all times except 
for one clock after the end bit of command until some 
number of clocks after the end of the command. This period 
is referred as ‘response period’ in the following. In case that 
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the I/O card is not connected the line is pulled up. In order 
to eliminate marginal timing problems the memory control 
ler will consider line [B] as I/O card detection indication a 
few clocks after the end of the response period. 

[0055] During a command response period, line [B] is 
used to by one controller to indicate to the other controller 
that is responding and that the other controller need not 
respond. This helps to manage traf?c on the system bus and 
keeps both controllers from responding at the same time. 
During a command response period, line [B] indicates that 
a command is responded to in both SD and SPI modes. In 
default, the memory and I/ O controllers are in input mode. 
By driving line [B]‘low’ by one of the controllers (IO or 
memory) indicates to the other controller that the driving 
controller is sending a command response. This process is 
shown schematically in FIGS. 10a and 10b for the IO 
controller 303 responding and the memory controller 301 
responding, respectively. FIG. 11 shows an exemplary tim 
ing diagram for sense and drive periods on line [B] 

[0056] A controller that sends a response to the host also 
clears any previously set error and illegal command ?ags as 
part of the response process. Line [B] indicates to the other 
controller to clear its error and illegal command ?ags, so that 
this knowledge can be shared by the two controllers. In an 
exemplary embodiment, a line [B] indication is for a period 
of 4 clocks, starting half bit before the start bit of the 
command response (see FIG. 14). The response of the I/O 
controller can then start in the period of 2 clocks after the 
end bit of command, until 32 bits after the end bit of the 
command and the response of the memory controller can 
start in the period of 2 clocks after the end bit of command 
until 16 bits after the end bit of the command. 

[0057] In an additional functionality described below, line 
[B] can be used together with line [C] in order to control the 
card detect logic. 

[0058] Line [C] is also labeled ILLEG_CMD on FIG. 3, is 
used in SD mode, and has a dual functionality. According to 
the SD speci?cation, if an illegal command is sent to a 
controller, on the next command it will indicate that the 
command was previous command was illegal. The illegal 
command ?ag also sets a ?ag so that this information can be 
sent on the next (legal) command. However, this next 
command may not be directed to the same module, so this 
illegal command information needs to be shared between the 
controllers. For example, the illegal command may be to the 
memory module, whereas the next, legal command is to the 
I/ O module that would otherwise have no knowledge of the 
preceding illegal command. This process is shown schemati 
cally in FIG. 12. (The clearing of this illegal command ?ag 
was described above with respect to line 

[0059] More speci?cally, in default, the memory and I/O 
controllers are in input mode. When one of the controllers 
detects illegal command reception, the controller will set the 
illegal command ?ag. Line [C] will be driven to ‘low’ TCEI 
clocks after end bit of the illegal command, in order to signal 
the other controller to set its illegal command ?ag. When one 
of the controllers detects an illegal command reception the 
controller will check line [C]: If line [C] is ‘high’ the 
controller will drive line [C] to ‘low’, while if line [C] is 
‘low’ (that is, the other controller is already driving the line 
[C]) the controller will not drive the line. 
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[0060] The controller that drives line [C] to ‘loW’ Will stop 
driving line [C] in tWo scenarios: 

[0061] 1) During the process of sending a response to a 
legal command, the controller clears the illegal com 
mand ?ag. Line [C] is released after the reception of the 
legal command up to TCRS cycles after the start bit of 
the response to signal that the illegal command ?ag is 
cleared. FIG. 13 is an example a memory controller that 
receives an illegal command and start driving line [C] 
to ‘loW’. (Exemplary bus timing values of FIGS. 13 and 
14 and shoWn in Table 2 of FIG. 15.) After receiving a 
legal command the memory controller stops driving 
line The same process is folloWed by an 1/O 
controller that receives legal command after an illegal 
command. 

[0062] 2) After receiving an illegal command the con 
troller sets the illegal command ?ag and drives line [C] 
to ‘low’. If the next legal command is accepted by the 
other controller, the other controller Will drive line [B] 
to ‘loW’ in order to signal the ?rst controller to clear the 
illegal command and error ?ags. The ?rst controller 
Will release line [C] TCBS clocks after the falling edge 
of line [B] and clear the error ?ag. FIG. 14 is an 
example a memory controller that receives an illegal 
command and start driving line [C] to ‘loW’. After 
receiving a legal command by the 1/0 controller, the 
1/0 controller start driving line [B], and as a result the 
memory controller clears the error ?ags and stop driv 
ing line The same process is folloWed by a memory 
controller that receives legal command after an illegal 
command that Was sent to the 1/0 controller. 

[0063] The electrically characteristics of the controller to 
controller connections are described in more detail in FIGS. 
16-20. FIG. 16 is a timing diagram of control line [A] in SD 
mode, With Table 3 of FIG. 18 giving the various parameters 
in FIG. 16. FIG. 17 is a timing diagram ofcontrol lines [B,C] 
in SD and SP1 mode, line [A] in SP1 mode, With Table 4 of 
FIG. 19 giving the various parameters in FIG. 17. FIG. 20 
gives a pin description summarizing the controller-to-con 
troller interface. 

[0064] Although the various aspects of the present inven 
tion have been described for the case of tWo modules, 
speci?cally a memory module and an input-output module, 
the invention also extends other numbers and types of 
modules Whose controllers are independently connected to 
the system bus in parallel While still appearing to the host as 
a single, single module card. Also, as already noted, these 
modules may be Within a single card (as in FIG. 1a) or 
distributed across multiple cards (as in FIG. 1b). In multiple 
card embodiments, both the system bus (331, FIG. 3) and the 
controller-to-controller interface (333, FIG. 3) Will extend 
across the card-to-card connection. Additionally, the present 
invention also extends to cases Where, in a multi-card 
embodiment such as FIG. 1b, the card attaching to the lacks 
a controller. For example if card 35' of FIG. 3 lacks 
controller 301, the lines [A-C] are then set to Vss in card 35. 
This alloWs card 35' to act as an adapter for card 37 to attach 
to the host. 

[0065] In another set of aspects of the present invention, 
the card system can operate in multiple protocols. The 
exemplary embodiment is described for tWo such protocols, 
although more generally, either more protocols or only a 
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single protocol can be used. The exemplary protocols are the 
SD or MMC protocol and the SP1 protocol, Which are 
described in more detail in version 2.11 of the MMC 
speci?cation or US. patent application Ser. No. 09/641,023, 
both incorporated by reference above. Within this exemplary 
embodiment, a more detailed description is given of the 
requirements for the memory controller and the usage of the 
A, B and C control lines in a various cases. The requirements 
from the 1/0 controller are described as Well in order to 
clarify the operation concepts. 

[0066] In SP1 mode, it is de?ned in the physical speci? 
cation that a card Will respond to all commands, even to 
illegal commands. In a combination memory/input-output 
card, the memory controller Will ignore the 1/0 speci?c 
commands. Similarly, the 1/0 controller Will ignore memory 
speci?c commands. 1n multi-card embodiments, Where the 
10 controller is not connected (detected With line [B]), the 
Memory Controller Will not ignore the 1/0 related com 
mands, but instead respond as illegal commands if they Will 
be sent to it. In SP1 mode it is de?ned in the SD physical 
speci?cation that the card shall drive ‘high’ on the DO pin 
(DATO) in case that the CS is asserted. 1n the multi-module 
situation, each controller Will enable the output of its oWn 
DO only When it is required (i.e., responding to a command 
or sending data), otherWise it Will be in 1nput mode. The host 
Will keep the line high as described in the speci?cation. 
From the host’s point of vieW, the card/bus continue to 
behave the same as it is de?ned in the speci?cation for a 
single module card. 

[0067] As both controllers are connected in parallel to the 
SD bus, the data that is sent to one controller may be 
interpreted as a command by the other controller. The 
probability for this misinterpretation becomes even higher if 
the cycle redundancy check (CRC) is not used, Which is 
legal in SP1 mode. (As described, for example in the 
referenced MMC speci?cation, in the preferred embodi 
ment, every SD or MMC token transferred on the SD bus is 
protected by CRC bits, While for SP1 mode, a non-protected 
mode is available that enables systems built With reliable 
data links to exclude the hardWare or ?rmWare required for 
implementing the CRC generation and veri?cation func 
tions.) That is the reason for having control line [A] betWeen 
the Memory and 10 controllers. 1n the exemplary embodi 
ment, both controllers Will not receive data at the same time 
and the same control line [A] Will be used from 1/0 
controller to memory and from memory controller to 1/0 
controller. Each side Will drive assert (‘low’) the line in case 
of data reception, With a pull-up resistor keeping the line 
high in other states. 

[0068] In order to get into the SP1 mode, the host sends 
CMDO+(CS=0) for both the 1/0 and memory modules, even 
though the RESET commands can be different for the 
memory and 1/0 controllers With, for example, the 1/0 
module having a reset command other than CMDO. The 1/0 
controller Will get into SP1 mode but Will not respond to 
CMDO command. The command to turn cycle redundancy 
check (CRC) on and off, CRC_ON_OFF Will be responded 
by the memory controller and not by the 1/0 controller, since 
this is a legal command for the Memory. The 1/0 controller 
should identify this command and enable or disable the CRC 
check function according to the command argument. In case 
that a command CRC error is detected (and CRC detection 
is Enabled), then in both controllers an error ?ag Will be set. 
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If both cards are initialized then both Would like to respond. 
The U0 controller Will respond only if a response from the 
memory controller did not appear Within a speci?ed number 
of, say 16, clocks, during Which the I/O controller Will 
‘listen’ to line If the I/O module detects a response from 
the memory controller during the given period, then it Will 
only reset its CRC error ?ag and Will not itself respond. 
Similarly, in case that one of the controllers detects an illegal 
command, it Will respond With an Illegal Command 
response. 

[0069] In the SD mode, the combination memory/input 
output card, the memory controller Will ignore the I/O 
speci?c commands. Conversely, the I/O controller Will 
ignore all commands that are out of the I/O command class, 
unless they are common to all controllers (Class 9) except 
the common commands (such as reset (CMDO) and com 
mands related to relative card address (RCA) and chip select 
(CS)). In case that the I/O controller is not connected 
(detected With line [B]), then the memory controller Will not 
ignore the I/O related commandsiin other Words, it Will 
respond as if illegal commands Were sent to it. 

[0070] The memory controller Will response to the com 
mands related to establishing a relative card address (RCA) 
When the command is legal. In this case the I/O controller 
Will ‘listen’ for appropriate command response on the CMD 
line. If a valid response (With correct CRC) is detected 
Within a set number of clocks (and the command is legal for 
the I/O controller), the I/O controller Will adopt the RCA. 
Line [B] Will signal the I/O controller that the memory 
controller is responding. 

[0071] The memory controller Will response to RCA 
establishing command When it is legal. In this case the I/O 
controller Will ‘listen’ for the command response on the 
CMD line. If a valid response (With correct CRC) is detected 
Within the prescribed number of clocks (and the command is 
illegal for the I/O controller), the I/O controller Will not 
adopt the RCA, and Will not set the illegal command ?ag. 
Line [B] Will signal the I/O controller that the memory 
controller is responding. 

[0072] If the memory controller is not responding Within 
the alloWed response time from the end bit of RCA estab 
lishing command, and the command is legal for the I/O 
controller, the I/O controller Will response. The memory 
controller Will ‘listen’ for the response on the CMD line. If 
a valid RCA results, then the I/O controller Will adopt the 
RCA if needed. Line [B] Will signal the memory controller 
that the I/O controller is responding. If, instead the memory 
controller is not responding Within the alloWed response 
time and the command is not legal for the I/O controller, the 
I/O controller Will not response. The U0 controller Will set 
the illegal command ?ag, and Will use line [C] to signal the 
memory controller that illegal command Was detected. 

[0073] The process for the commands related to chip 
select (CMD7), Which are again common for all of the 
modules so that they Will function as a single card as seen 
from the host, Will be treated similarly to that described in 
the preceding paragraphs for the commands used to establish 
a relative card address (CMD3). 

[0074] When the host is transferring data to/from the 
memory module, an interrupt can occur from the I/O mod 
ule. In order to alloW transmission of the interrupt only 
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during the valid periods, the memory controller signals the 

valid memory interrupt period to the I/O through line An Interrupt Period indication Will precede the ‘real’ inter 

rupt period, alloWing the period to be very accurate. That is 
done to provide an alloWance for path delay betWeen the 
memory controller to the I/ O controller (through pad delays, 
connector delays, and so on). 

[0075] When a command has a CRC error, the correspond 
ing error ?ag is set in both controllers and neither Will 
respond. According to the SD speci?cation, the response to 
the folloWing command indicates the CRC error bit and the 
CRC error ?ag is responded to With the folloWing command 
response of the card. The CRC ?ag Will be cleared in a given 
controller in either of the folloWing cases: 1) The controller 
is responding With CRC error; or 2) during the response 
periods the controller detects on line [B] a command 
response indication from the other controller in the card. 

[0076] If an Illegal command is detected by one of the 
controllers, it sets it oWn Illegal Command ?ag and does not 
respond. According to the SD speci?cation, the response to 
the folloWing command shall indicate the Illegal Command 
Error. Therefore the other controller Will set its Illegal Flag 
as Well by using line The controller Whose illegal ?ag 
Was set Will drive line [C] With “0”. The other controller Will 
set its Illegal Flag in case that change to “0” is detected on 
line Subsequently, both controllers behave as described 
in the last paragraph for the case of a CRC error. The Illegal 
Command Flag is responded to With the folloWing command 
response of the card. The Illegal Command Flag is cleared 
in either of the cases: 1) The controller is responding With 
Illegal Command Flag; or 2 during the response periods the 
controller detects on line [B] a command response indication 
from the other controller in the card. Both cards set their line 
[C] drivers to input mode Whenever they clear their Illegal 
Command ?ag. A set of ‘rules’ for each of the controllers 
about the line [C] can be summarized as folloWs: 

[0077] a) Assert line [C] to ‘loW’ in case that sets its oWn 
Illegal Flag (after Illegal Command Was receipted). 

[0078] b) De-assert (go to input mode) line [C] When 
clear its oWn Illegal Flag. 

[0079] c) Sets Illegal Flag if eitheriIllegal Command 
Was detected OR change from “1” to “0” Was detected 
in line 

[0080] d) Clear Illegal Flag if eitheriResponding With 
Illegal command ?ag (R1, R5 or R6 in SD mode or R1, 
R2, R3 or R5 in SPI mode) OR detects CMD 
RESPOND on line [B] during the response period. 

[0081] Although various aspects of the present invention 
have been described With respect to speci?c embodiments, 
it Will be understood that the invention is protected Within 
the full scope of the appended claims. 

It is claimed: 
1. An electronic card-connectable to a host system, the 

card comprising: 

a ?rst module including a ?rst controller; 

a second module including a second controller; 

a bus structure connected to both the ?rst controller and 
the second controller in parallel, through Which data 
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and commands can be exchanged between a host and 
the ?rst and second modules When the card is con 
nected to the host; and 

one or more control lines connected betWeen the ?rst 
controller and the second controller to exchange signals 
such that the tWo modules can interact independently 
With the host While appearing as a single unit to the 
host, Wherein the card conforms functionally and 
mechanically to the SD Card standard, the SD IO Card 
standard, or both the SD Card and SD 10 Card stan 
dards. 

2. The card of claim 1, Wherein the number of said control 
lines is three. 

3. An electronic card connectable to a host system, the 
card comprising: 

a ?rst module including a ?rst controller; 

a second module including a second controller; 

a bus structure connected to both the ?rst controller and 
the second controller in parallel, through Which data 
and commands can be exchanged betWeen a host and 
the ?rst and second modules When the card is con 
nected to the host; and 

one or more control lines connected betWeen the ?rst 
controller and the second controller to exchange signals 
such that the tWo modules can interact independently 
With the host While appearing as a single unit to the 
host, Wherein said modules can interact With the host in 
a plurality of protocols. 

4. The card of claim 3, Wherein said plurality of protocols 
includes the SD protocol. 

5. The card of claim 3, Wherein said plurality of protocols 
includes the SP1 protocol. 

6. The card of claim 3, Wherein said plurality of protocols 
includes the MMC protocol. 

7. An electronic card connectable to a host system, the 
card comprising: 

a ?rst module including a ?rst controller; 

a second module including a second controller; 

a bus structure connected to both the ?rst controller and 
the second controller in parallel, through Which data 
and commands can be exchanged betWeen a host and 
the ?rst and second modules When the card is con 
nected to the host; and 

one or more control lines connected betWeen the ?rst 
controller and the second controller to exchange signals 
such that the tWo modules can interact independently 
With the host While appearing as a single unit to the 
host, Wherein the bus structure conforms to the SD 
Card and SD 10 Card standards. 

8. An electronic card connectable to a host system, the 
card comprising: 

a ?rst module including a ?rst controller; 

a second module including a second controller; 

a bus structure connected to both the ?rst controller and 
the second controller in parallel, through Which data 
and commands can be exchanged betWeen a host and 
the ?rst and second modules When the card is con 
nected to the host; and 
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one or more control lines connected betWeen the ?rst 
controller and the second controller to exchange signals 
such that the tWo modules can interact independently 
With the host While appearing as a single unit to the 
host, Wherein said commands includes one or more 
commands Which are acceptable by one of said mod 
ules but not to the other module. 

9. An electronic card connectable to a host system, the 
card comprising: 

a ?rst module including a ?rst controller; 

a second module including a second controller; 

a bus structure connected to both the ?rst controller and 
the second controller in parallel, through Which data 
and commands can be exchanged betWeen a host and 
the ?rst and second modules When the card is con 
nected to the host; and 

one or more control lines connected betWeen the ?rst 
controller and the second controller to exchange signals 
such that the tWo modules can interact independently 
With the host While appearing as a single unit to the 
host, Wherein both of said modules are responsive to 
the same chip select signal. 

10. An electronic card connectable to a host system, the 
card comprising: 

a ?rst module including a ?rst controller; 

a second module including a second controller; 

a bus structure connected to both the ?rst controller and 
the second controller in parallel, through Which data 
and commands can be exchanged betWeen a host and 
the ?rst and second modules When the card is con 
nected to the host; and 

one or more control lines connected betWeen the ?rst 
controller and the second controller to exchange signals 
such that the tWo modules can interact independently 
With the host While appearing as a single unit to the 
host, Wherein the control lines alloW the second con 
troller to indicate to the ?rst controller that it is con 
nected to the ?rst controller. 

11. An electronic card connectable to a host system, the 
card comprising: 

a ?rst module including a ?rst controller; 

a second module including a second controller; 

a bus structure connected to both the ?rst controller and 
the second controller in parallel, through Which data 
and commands can be exchanged betWeen a host and 
the ?rst and second modules When the card is con 
nected to the host; and 

one or more control lines connected betWeen the ?rst 
controller and the second controller to exchange signals 
such that the tWo modules can interact independently 
With the host While appearing as a single unit to the 
host, Wherein the number of said control lines is three. 

12. An electronic circuit card system comprising: 

a ?rst card connectable to a host, the ?rst card including 
a ?rst controller; 

a second card connectable to the ?rst card, the second card 
including a second controller; 






