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Conventions Used in This Document 

Naming Conventions 
Some terms are capitalized to distinguish their definition from their common Englis- meaning. Words not 
capitalized have their common English meaning. ~ 

Numbers and Number Bases 
Hexadecimal numbers are written with a lower case "h" suffix, e.g., FFR and 8~­
Binary numbers are written with a lower case "b" suffix (e.g., 10b). ~,J 
Binary numbers larger than four digits are written with a space dividin ach r u ,o\f0uy digits, as in 1000 0101 
0010b. ---....___,,,,, 
All other numbers are decimal. 

M:~y ~:;~;es flexibility of choice with no implied reco~e□dati,Q o e,guirement. 
Shall: Indicates a mandatory requirement. Designers sha1J • ··c:ri P e , nt/ such mandatory requirements to 
ensure interchangeability and to claim conformance with th~~p?!cifi~ tionJ 
Should: Indicates a strong recommendation but not a ma~d~tor re~uIrement. Designers should give strong 
consideration to such recommendations, but there is still ( <ehoi ·n implementation. 

Application Notes 
Some sections of this document lementers as follows: 
Application Note: 
This is an example of an application note. 
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1. General Description 
The SDIO (SD lnpuUOutput) card is based on and compatible with the SD memory card. This compatibility 
includes mechanical, electrical, power, signaling and software. The intent of the SDIO card is to provide 
high-speed data 1/0 with low power consumption for mobile electronic devices. A prim9r- goal is that an SDIO 
card inserted into a non-SDIO aware host shall cause no physical damage or disruf P,tic;;m of that host or it's 
software. In this case, the SDIO card should simply be ignored. Once inserted int~~ SBI&_ aware host, the 
detection of the card proceeds via the normal means described in this specification wiflq s'ome'eXtensions. In this 
state, the SDIO card is idle and draws a small amount of power (15 mA avera , ed v.~ 1\second). During the 
normal initialization and interrogation of the card by the host, the card id : ntWes ts'elf'as a ,SDIO card. The host 
software then obtains the card information in a tuple (linked list) forrfl~t~ nid 'dete\, ines if that card's 1/0 
function(s) are acceptable to activate. This decision is based on such ra-._aram\fE\['! a JJbwer requirements or the 
availability of appropriate software drivers. If the card is acceptable, 1t~d~altowecl to f30~er up fully and start the 
1/0 function(s) built into it. 

1.1 SDIO Features V (jff; 

• Targeted for portable and stationary applications 6 
• Minimal or no modification to SD Physical bus is requi, 
• Minimal change to memory driver software /. 1 
• Extended physical form factor available for specialize , ppli!'atioo 
• Plug and play (PnP) support 
• Multi-function support including multiple 1/0 and combizie_si ~tf' and memory 
• Up to 7 1/0 functions plus one memory support · d on rie ca d. 
• Allows card to interrupt host 
• Operational Voltage range: 2.7-3.6V (Oper, tio a \:' oft g is used for Initialization) 
• Application Specifications for Standard S l~RctloR •. 
• Multiple Form Factors: 

• Full-Size SDIO (? ~ 
• miniSDIO ~ -) 

1.2 Primary Refere~ c~ nt 

This specification is based on a-~~refefsext nsively to the SDA document: 
SD Memory Card Specificati6ns 
Part 1 PH -t·G-~ L LAYER RECIFICATION Version 2.00 May 9, 2006 

The reader is di -ectGt~is document for more information on the basic operation of SD cards. In addition, 
other documents • r efere , c . d in this specification. A complete list can be found in appendix B.1. 

This speer tiirn can l~, any rele~sed versions of Physical Layer Specification after Version 2.00. 

1.3 Slcl!]..dar9 SDIO Functions 

Associated with t~ Yse SDIO specification. there are several Application Specifications for Standard SDIO 
Functions. These common functions such as cameras, Bluetooth cards and GPS receivers have a standard 
register interface, a common operation method and a standard CIS extension. Implementation of the standard 
interfaces are optional for any card vendor, but compliance with the standard allows the use of standard drivers 
and applications which will increase the appeal of these cards to the consumer. Full information on these 
standard interfaces can be found in the Application Specifications for Standard SDIO Functions maintained by 
the SDA. 

1 
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2. 5D10 Signaling Definition 

2.1 SDIO Card Types 

This specification defines two types of SDIO cards. The Full-Speed card supports SPI, ~".'.'61t~D and the 4-bit SD 
transfer modes at the full clock range of 0-25MHz. The Full-Speed SDIO cards have . d;afa. t nsfer rate of over 
100 Mb/second (10 MB/Sec). A second version of the SDIO card is the Low-Sp~ed1 SCH card. This card 
requires only the SPI and 1-bit SD transfer modes. 4-bit support is optional. In a~ddit-i~n, L '~ -Si;,eed SDIO cards 
shall support a full clock range of 0-400 KHz. The intended use of Low-~p~ed c ~ds ·s o ;Ll• port low-speed 1/0 
capabilities with a minimum of hardware. The Low-Speed cards support\,such u~?ti~~i a · modems, bar-code 
scanners, GPS receivers etc. If a card is a 'Combo card' (memory plu . ~ ,t_O~? Full-Speed and 4-bit 
operation is mandatory for both the memory and SDIO portions of th • a,,~~~ 

2.2 SDIO Card modes "- ';:) 

There are 3 signaling modes defined for SD memory cards h • t al~ to SDIO Card: 

0 2.2.1 SPI (Card mandatory support) 
The SPI bus topology is defined in section 3.5.2 and th . ~r.Q,foc . 1 efined in sections 3.6.2 and 7 of the SD 
Physical Specification Version 2.00. In this mode pi 8, w~'i'ch is undefined for memory, is used as the 
interrupt pin. All other pins and signaling protocols are 'de~al to the SD Physical Specification. 

2.2.2 1-bit SD Data Transfer Mode (Card M~ Support) 
This mode is identical to the 1 data bit (nap01J\~~ ~ efined for SD Memory in section 3.6.1 of the SD 
Physical Specification. In this mode, data ·,s t1ransfe red on the DAT[0] pin only. In this mode pin 8, which is 
undefined for memory, is used as the inter up. pin. All other pins and signaling protocols are identical to the 
SD Memory specification. 

2.2.3 4-bit SD Data Tran1tei:.,__Mode~ tory for High-Speed Cards, Optional for Low-Speed) 
This mode is identical to tl\e ,.,"(ciata bi m6d)e (wide) defined for SD Memory in section 3.6.1 of the SD 
Physical Specification. In th\; \rrm ~ Qata...-rs transferred on all 4 data pins (DAT[3:0]). In this mode the 
interrupt pin is not available fei?r • x9lt1 ;ive use as it is utilized as a data transfer line. Thus, if the interrupt 
function is required, a special 'tim(ng is required to provide interrupts. See section 8.1.2 for details of this 
operation. The 4-b·t SD mode p~ des the highest data transfer possible, up to 100 Mb/sec. 

2.3 SDl~ des 

If a SDIO a'f re os,~ pports fhe SD transfer mode, it is recommended that both the 1-bit and 4-bit modes be 
supported.(_ Wfl 1le a S it>, t}os that supports only the 4-bit transfer mode is possible, its performance with a 
Low-Spee~ l DIO---carf (Tl~Y, e r~duced. This is because the only me_ans to transfer data to and from a 
Low-Speed carg_,.we 1l0J be the single byte per command transfer (using the IO_RW_DIRECT command 
(CMD52) see .1 ). 
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2.4 Signal Pins 

SD Host 

CLK 
CMD 

DAT[3:0] 

CLK------. 
CMD-------. 

The rest of this chapter is not included in the Simplified Sp 
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3. 5D10 Card Initialization 

3.1 Differences in 1/0 card Initialization 

A requirement for the SDIO specification is that an SDIO card shall not cause non-I/0 w •~ hosts to fail when 
inserted. In order to prevent operation of 1/0 functions in non-I/0 aware hosts, p ctna(ige to the SD card 
identification mode flowchart is needed. A new command (IO_SEND_OP _COND, <$Mlv5} 'i added to replace 
the ACMD41 for SDIO initialization by 1/0 aware hosts (see 3.2). \ 

After reset or power-up, all 1/0 functions on the card are disabled an0 he I '° po ion f the card shall not 
execute any operation except CMD5 or CMDO with CS=low. If there is SD fh\rno~sialled on the card (also 
called a combo card), that memory shall respond normally to all nor , ~ ~t\~ memory commands. 

An 1/0 only card shall not respond to the ACMD41 and thus appear inif-tell~ s a~ MC card (See appendix B.1 
for information on the MMC specification). The 1/0 only card shall al1o71~t re~pond to the CMD1 used to initialize 
the MMC cards and appear as a non-responsive card. The {l'!S>>5t th~71 'ives UJS> arid disables this card. Thus, the 
non-aware host receives no response from an 1/0 only card and;for~ it{~\ the inactive state. The operation of an 
1/0 card with a non-I/0 aware host is shown in Figure 3-1 No(e 't a t~ sGl1d lines are the actual paths taken 
while the dashed lines are not executed. 

SPI 1\/lode Idle 
State 

CMD58 
(optional) 

Invalid 
Cmd 

CMD0+CS 
asserted (0) 

s 

SD 

No 
Response 

,--
' ' ' ' ! 

,,------ i _________ _ 
' ' 

( Card is MMC ': 
\ ,' 

........ ------- -------- ___ .,, 

Figure 3-1 SDIO response to non-I/O aware initialization 
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SO10 card is 
Rejected 
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An SDIO aware host sends CMD5 prior to the CMD55/ACMD41 pair, and thus would receive a valid OCR in the 
R4 response to CMD5 and continue to initialize the card. Figure 3-2 shows the operation of an SDIO aware host 
operating in the SD modes and Figure 3-3 shows the same operation for a host that operates in the SPI mode. 

If the 1/0 portion of a card has received no CMD5, the 1/0 section remains inactive and shall not respond to any 
command except CMD5. A combo card stays in the memory-only mode. If no memory is installed on the card 
(i.e. an 1/0 only card in a non-SDIO aware host) the card would not respond to any ~e~ory command. This 
satisfies the condition where a user uses some 1/0 function on the card such as Ethe_rr~t to{oad a music file to 
the memory function of that card. The card is then removed and inserted into a non-~1JIO a va· e host. That host 
would not enable the 1/0 function (no CMD5) so would appear to the player as a me~~-onlv card. If the host 
were 1/0 aware, it would send the CMD5 to the card and the card would respond ith R._4\.T~ host reads that R4 
value and knows the number of available 1/0 functions and about thee Is enc~ , fa ·w"st9-J"lemory. 

After the host has initialized the 1/0 portion of the card, it then reads tpe Co ~m~o I -f.Gr~ ation Area (CIA) of the 
card (see 6.8). This is done by issuing a read command, starting with t~ ~te t t!ress OxOO, of 1/0 function 0. 
The CIA contains the Card Common Control Registers (CCCR) and t~1e F.unct1 n asic Registers (FBR). Also 
included in the CIA are pointers to the card's common Card lnfor~ati6'n\ S ru<ttCl-r~ (CIS) and each individual 
function's CIS. The CIS structure is defined in section 16. J he OISJ n'<i:lutl~s !9formation on power, function, 
manufacturer and other things the host needs to determine 1f- t e 1/<D ~u 9ti0Q(SJ7s appropriate to power-up. If the 
host determines that the card should be activated, a register -~ f"1e ~GC~ area enables the card and each 
individual function. At this time, all functions of the 1/0 card are ~ I-~ k~•i1ati5ie. In addition, the host can control 
the power consumption and enable/disable interrupts on ffilcti , -Q\,-fuAction basis. This access to 1/0 does 
not interfere with memory access to the card if present. 

Combo Cards can accept CMD15 with RCA=OOOO, as- ~ c ibg • in, but there is an exception for SD memory 
only cards. Memory only cards require a non-zero ·SA q_efo e....tbef host may issue CMD15. Thus, CMD15 shall 
be issued after CMD3 in the Standby state. In the c se of\ CMD41, it shall accept RCA=OxOOOO. 

As shown in Figure 3-2 and Figure 3-3, an S 9 rawa . ho . shall send CMD5 arg=O as part of the initialization 
sequence after either Power On or a CMD 52 wltl>l wn\e to 1/0 Reset. Sending CMD5 arg=O that has not been 
preceded by one of these two reset condi i0As t-ial ot result in either the host or card entering the initialization 
sequence. 
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Re-init Memory Power On Re-init 10 

10=0, MEM=0 

CMD0 Pin1 =High 

No Response 

F8=0 

Skip 10 Initialize or 10=1 

0 Initialize & 10=0 

C 

& OCR valid 

(if needed) 

1sec Timeout 

10 Initialized 

MP=0 

A B 
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A 

ACMD41 Arg=0 

No Response 

Card 

Variables 
NF: 
MP: 

Numoer-of 1/0 Functions (CMD5 Response) 
Memory Present Flag (CMD5 Response) 

IORDY: 1/0 Power-up Status (C bit in the CMD5 response) 
MRDY: Memory Power-up Status (OCR Bit31) 
HCS: Host Capacity Support (ACMD41 Argument) 

©Copyright 2000-2007 SD Card Association 

B 

Skip memory initialize or MEM=1 

Get memory OCR 

eout 

emory Initialized 
If F:8=1, CCS is valid 

10=1 

10=0 

CMD15 RCA=0 

Unusable card 
{Inactive State) 

CCS: Card Capacity Status (ACMD41 Response) 
Flags 
10: 1/0 Functions Initialized Flag 
MEM: Memory Initialized Flag 
F8: CMD8 Flag 

Figure 3-2 Card initialization flow in SD mode (SDIO aware host) 
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Re-init Memory Power On Re-init 10 

MEM=0 10=0, MEM=0 

CMD0 CS=Low 

CMDS CMD8 is requir 
~--~--~ High C p city 

Illegal Command 

F8=0 ard 

Skip 10 Initialize or 10=1 

Execute 10 Initialize 

C Get 10 OCR 

Illegal Command NF=0 or OCR invalid 

& OCR valid 

~ 
ORDY=0 1 sec Timeout 

10 Initialized 

MP=0 

C D 
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C D 

ip memory initialize or MEM=1 

CMD58 Get memory OCR 

Illegal Command 

Set New Voltage (if needed) 

ACMD41 

Variables 
NF: "Num er o) II? Functions (CMD5 Response) 
MP: Me'2 ry P,resent Flag (CMD5 Response) 
IORDY: 1/0 P~ 6p Status (C bit in the CMD5 response) 
MRDY: Memory Power-up Status (OCR Bit31) 
HCS: Host Capacity Support (ACMD41 Argument) 

, rt Host: HCS=1 

If F8=1, CMD58 is required 
to get CCS. If F8=0, CSS=0. 

CCS: 
Flags 
10: 
MEM: 
F8: 

10=0, MEM=0 

Unusable card 

Card Capacity Status (ACMD41 Response) 

1/0 Functions Initialized Flag 
Memory Initialized Flag 
CMD8 Flag 

Figure 3-3 Card initialization flow in SPI mode (SDIO aware host) 
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3.2 The IO_SEND_OP _COND Command (CMD5} 

Figure 3-4 shows the format of the IO_SEND_OP _COND command (CMOS). The function of CMOS for SDIO 
cards is similar to the operation of ACMD41 for SD memory cards. It is used to inquire about the voltage range 
needed by the 1/0 card. The normal response to CMOS is R4 in either SD or SPI format. The R4 response in SD 
mode is shown in Figure 3-5 and the SPI version is shown in Figure 3-6. 

s 

1 1 

Command Index 
000101b 

6 

Stuff 1/0 OCR 

8 24 ':\7'\ V 1 

Figure 3-4 IO_SEND_OP _COND Comm~ (C ~ \ V 

The IO_SEND_OP _COND Command contains the following fields: ~ ~ 
S(tart bit): Start bit. Always 0 \ ~ 
D(irection): Direction. Always1 indicates tran fer fr rnfi'0~t- -QI an'.t . 
Command Index: Identifies the CMOS command i Iii a al, 0NJ00-1-ef1 b 
Stuff Bits: Not used, shall be set to 0. \. 
1/0 OCR: Operation Conditions Register. ~e~ up a ea minimum and maximum values 

for VDD The layout of the O R js\sn tll.( iA Table 3-1. See section 4.10.1 for 
ad 
7 
En 

CRC7: 
E(nd bit): 

ditional information. 

~~ bits of CRC data 
d bit, always 1 

1/0 OCR bit I 
~

DD \•v1oltage Window 
position ,,--.._ 1, ) (in Volts) 

0-3 ( r/ ~ J Reserved 
4 \ \/'_ \ Reserved 
5~ ~ ) ) Reserved 
(6f'"Y ---- ( ~ J Reserved 

I'---..._ \7\./ /"'\ \ Reserved 
\ ~~ 8'-../ A ) ) 2.0-2.1 
\ \~ "'9, ~ 2.1-2.2 
\ V /'1-0 "-> 2.2-2.3 

\ / 11 v 2.3-2.4 
\ \ 12 2.4-2.5 
\) 13 2.5-2.6 

V 14 2.6-2.7 
15 2.7-2.8 

\ 16 2.8-2.9 
I 17 2.9-3.0 

18 3.0-3.1 
19 3.1-3.2 
20 3.2-3.3 
21 3.3-3.4 
22 3.4-3.5 
23 3.5-3.6 

Table 3-1 OCR Values for CMOS 

The SDIO Version 2.00 cards shall support the operational voltage range 2.7-3.6V and are not necessary to 
support the voltage range 2.0-2.7V for basic communication. The hosts, which support SDIO Version 2.00, shall 
not use voltage range 2.0-2.7V for basic communication. 
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3.3 The IO_SEND_OP _COND Response (R4) 

An SDIO card receiving CMOS shall respond with a SDIO unique response, R4. The format of R4 for both the 
SD and SPI modes is: 

s 

1 1 

Reserved C Number Memory Stuff 1/0 OCR 

6 

Modified C 
R1 

8 

of 1/0 Present Bits 
functions 

3 1 3 24 

Figure 3-5 Response R4 in SD m~ e 

A 

Number Memory Stuff Bits V I 

of 1/0 Present 
functions 

3 1 3 

Figure 3-6 Response ~ i 

E 

1 

The Response, R4 contains the following data: 

S(tart bit): 
D(irection): 
Reserved: 
C: 
1/0 OCR: 

Memory Present: 

Start bit. Always 0 
Direction. Always 0. Indicates rn sfe o card to host. 
Bits reserved for future ~ e:--~ seJJHs shall be set to 1. 
Set to 1 if Card is ready o✓o er-a e...after initialization 
Operation Conditions ~Jgi~r. The supported minimum and maximum values 
for VDD. The layo!,I f \ h OCR is shown in Table 3-1. See section 4.10.1 for 
additional informafop. 

Number of 1/0 Functions: 
Set to 1 if the card al.so"caritains SD memory. Set to 0 if the card is 1/0 only. 
Indicates the ;,0t-at 'num:5o/ , f 1/0 functions supported by this card. The range is 0-7. 
Note that the 9or.nmorEi a-rea present on all 1/0 cards at Function 0 is not included in 
thi count. ""fih el/0>.) tcrn'ctions shall be implemented sequentially beginning at 
fu tio - 1. 

Modified R 1 : 

Stuff Bits: 

The ~I 1 res onse byte as described in the SD Physical Specification modified 
for 1/ , as; ollo -s: 

\ I '> 

1 = in idle state 
RFU (always 0) 

.__ ___ 1 = illegal command 
------- 1 = COM CRC error 

------ 1 = Function number error 
--------RFU (always 0) 

--------- 1 = parameter error 
.__ __________ Start Bit (always 0) 

Figure 3-7 Modified R1 Response 

Not used, shall be set to 0. 
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Once an SDIO card has received a CMD5, the 1/0 portion of that card is enabled to respond normally to all 
further commands. This 1/0 enable of the functions within the 1/0 card shall remain set until a reset, power cycle 
or CMD52 with write to 1/0 reset is received by the card. Note that a SD memory only card may respond to a 
CMD5. The proper response for a memory only card would be Memory Present = 1 and Number of l/O 
Functions= 0. A memory only card built to SD Memory Card specification version 1.01 would detect the CMD5 
as an illegal command and not respond. Note that unlike the similar memory command ACMD41, The SPI 
response to CMD5 does contain the OCR value from the card. 

The 1/0 aware host sends CMD5. If the card responds with response R4 within t \e ~1u value of Ncr as 
defined in the SD Physical Specification, the host determines the card's configu ti n 15as d on the data 
contained within the R4. 

3.4 Special Initialization considerations for Co~~~Q 

The host must be aware of some special situations when initializing a oni~~i~ (SDIO plus SD Memory on 
the same card). This is caused because an implementation of the C r:p~ car ;ould actually use 2 separate 
controllers (Memory and 1/0) in the same package and sharing thrsa~e s.,t19 s. It important for the host to 
both detect and properly configure both parts (controllers) o. Connbea:ard i r:eler to prevent conflicts between 
the SDIO and the SD memory controller. These concerns are~ ~ed t:!'ye o the different response to a reset 
(hard or soft) by the two controllers. Another concern is the val IE ft e R I A Relative Card Address) that exists 
within the Memory controller. 

Note that this consideration is for the SD 1-bit and SD 4-b t rmod . s o ·~ . In The SPI mode, card selecUde-select 
is accomplished using the hardware CS line rather than tHe ~-

3.4.1 Re-initialize both 1/0 and Memory ~ 
When the host re-initializes both 1/0 and Mem -~ con roll ~s, it is strongly recommended that the host either 
execute a power reset (power off then on) ori issifes reset commands to both controllers prior to any other 
operati~n. If the host chooses to use the resr.t\.oc5rnmf nds, it shall issue C~~?2_ (1/0 Reset) first, because it 
cannot issue CMD52 after CMD0 (see 4~)-=-- ner:--t e reset, the host shall re-1nit1al1ze both the 1/0 and Memory 
controller as defined in Figure 3-2. 

3.4.2 Using a Combo Ca\~~ -@,• SD Memory only after Combo Initialization 

If a host intends to use only the 9~~ oM e Memory portion of a Combo Card , it is strongly recommended that 
the host power reset (power off ttierl on) or issues reset commands to both controllers prior to any other 
operation. If the host chooses to use the reset commands, it shall issue CMD52 (1/0 Reset) first, because it 
cannot issue CM~ "afte-"-. CMD0 (~e 4.4 ). After the resets, the host re-initializes either the 1/0 and Memory 
controller as defi ef in f 'igur-e 3-2. 

3.4.3 Acoe-pta >~ o1ands after Initialization 

When the ~ Ai!ia!•~ a dambo card. the acceptable commands that the host can issue are restricted until 
the 1/0 con , oiler is-f.:)laced • to the command state and memory controller enters the transfer state. The kinds of 
prohibited comfuand~ a e identified in the next section. Combo cards may not work correctly when the host 
issues these prph.i.Q.i.te I commands. The proper command sequence for the 1/0 controller and the memory 
controller are snO.Y'if1 below. Note that CMD15 (GO_INACTIVE_STATE} can be sent at any time after 
initialization in order to send any addressed memory controller to the inactive state. 

3.4.4 Recommendations for RCA after Reset 

Important Note: The RCA specification was not fully defined in SDIO Specification Ver1 .0. There are two types 
of card (SDIO or Combo) with different responses to CMD0 or SDIO reset. The possible responses are: 
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The card clears RCA to 0x0000 
The card keeps current RCA value 

Command Sequence Card RCA Select/Deselect Mem State 110 State 

Combo lnit 
(After CMD7 with the correct RCA) tr RCA1 Select cmd 

Issue CMD52 (Reset 1/0) RCA1 ~xxxx cmd ~idle 

Re-initialize 1/0 (CMD5) xxxx Desel 
~ r n 

idle 

xxxx <==> RCA2 \)esV~rJ 
Issue CMD7 with the correct RCA RCA2 De~ J'/11 Iran 

(and Data Transfer) ~ 

Figure 3-8 Re-Initialization ld r I -0 Controller 

Issue CMD3 tran idle~stby 

stby~cmd 

left side is matched with the RCA and controller stat s on t , e right side. The RCA value of xxxx denotes an RCA 
value of either 0x0000 or the prior RCA value-:for ~ ontroller designs, a reset RCA value of 0x0000 is 
recommended. The host shall not issue any c 1 rr_n<ar.tQs--1:o-t~e Combo Card except for CMD0, CMD5, CMD3 or 
CMD7 until the 110 controller has transitioned o ffia<:~ d state. 

Command Sequence ~ ;,ard,~ Select/Deselect Mem State 1/0 State 

...-------< ~------ \ 
Combo lnit i 'j~ ( RtA1 Select tran cmd 

(After CMD7 with the correct R\ );~ 

Issue CMD7 with the correct RCA 
(and Data Transfer) 

RCA1 ~xxxxh Sel~Desel 

xxxxh Deselect 

xxxxh Deselect 

xxxxh ~ RCA2 Deselect 

RCA2 Desel~Sel 

tran ~ idle 

idle~ready 

ready~ident 

ident~stby 

stby~tran 

Figure 3-9 Re-Initialization Flow for Memory controller 

13 

cmd 

cmd 

cmd 

cmd 

cmd 

Petitioner Micron Ex-1028, 0022



©Copyright 2000-2007 SD Card Association 
SDIO Simplified Specification Version 2.00 

Figure 3-9 shows the equivalent command flow to re-initialize the memory controller of a Combo card. The RCA 
value of xxxxh denotes an RCA value of either OxOOOO or the prior RCA value. For new controller designs, a 
reset value of OxOOOO is recommended. The important fact for the host designer to note is that the host shall not 
issue any commands except for CMDO, ACMD41 (with RCA=OxOOOO), CMD2, CMD3 or CMD7 to the Combo 
Card until the memory controller has transitioned to the tran state. 

3.4.5 Enabling CRC in SPI Combo Card 

When receiving CMD59, Combo cards shall synchronize CRC enable in~ oth S If an~ • eq,ory portions of the 
card. If a host enables CRC using CMD59 and subsequently re-initializJ eithb the 1/0 6rmemory controller, 
the CRC for that controller will be off by default and the host shall issue a/6;~05 t6 rie-enable CRC. When 
CMD59 is received, Combo Cards return the R1 response token whi e'~ IO oh ard . return the modified R1 
response token. 

14 

Petitioner Micron Ex-1028, 0023



©Copyright 2000-2007 SD Card Association 
SDIO Simplified Specification Version 2.00 

4. Differences with SD Memory Specification 
4.1 SDIO Command List 

Table A-14 shows the list of commands accepted by SD memory and SDIO cards when using the SD bus 
interface. Table A-15 shows the list of commands accepted by SD memory and SDIO arc! · when using the SPI 
bus interface. 

4.2 Unsupported SD Memory Commands 

Several commands required for SD Memory cards are not supported y 1eitl\e'!i_ SDJ ( only cards or the 1/0 
portion of Combo cards. Some of these commands have no use in Spl lO card~ ~cl:l--as Erase commands and 
thus are not supported in SDIO. In addition, there are several com~ s\ ~t\ SB- friemory cards that have 
different commands when used with the SDIO section of a card. Tabl~ 4- lists.these SD Memory commands 
and t ~ 2 Table he equivalent SDIO commands. For a complete list of suppo{(rtei\· n s µorted commands, see 
A-14 and Table A-15. \) (7" 

SD Memory SDIO ~ 1~nt Command Command 
CMD0 CMD52 (write to The reset com1an~CM~-is only used for memory or the 

1/0 reset in memory portio ofto~~C\y· rds. In order to reset an 1/0 only 
CCCR) card or the 1/0 ~otztion ~ combo card, use CMD52 to write a 

1 to the~ , --bi~bt-iel c CR (bit 3 of register 6). Note that in 
the SD ore, 0-il only used to indicate entry into SPI 
mode anG:l ~hall ~e supported. An 1/0 only card or the 1/0 
porti,en- ~f~ QDJ ~ card is not reset with CMD0 

CMD12 CMD52 (write to lnJ;\ ~~, - ats>o.r:t--the block transfer of data, SD memory use 
1/0 abort) C 11?1 ::;;-;i~ order to abort an 1/0 transaction, use CMD52 to 

( 
/Wtjte to)b,e Jbort register in the CCCR (bits 2:0 of register 6) 
rSeft-4..&Jg/deta ils. 

CMD16 CMD57{,(w.~·te to \ 'eM0.1'6 sets the block length for SD memory. In order to set 
1/0 Bloc:\ ~ t i~/ LPlalEbk length for each 1/0 function, use CMD52 to write the 
Length) , ti ock/ ength in the FBR 

CMD2 NONE \ V /' , t h,e CID reQister does not exist in an SDIO only card 
CMD4 NONE \ I The DSR register does not exist in an SDIO only card 
CMD9 - NONE \ \ The CSD register does not exist in an SDIO only card 
CMD10 / NO~ E \) The CID reQister does not exist in an SDIO only card 

CMD: ~ ,N\\ V An SDIO only card or the 1/0 portion of a combo card does not 
support the same SEND_STATUS (CMD13) protocol the SD 
memory uses. See 4.10.8. 

ACr r:; ~
2/ (write to SET _BUS_WIDTH is handled by a write to the CCCR. See 

~
_'QJidth [1 :0] 4.4 for details. 

\ ~ ~CR) 
AC Mb ~-3_,,,, i NIONE The SD Status register does not exist in an SDIO only card 
ACMD41~ 1ctMD5 SDIO cards and hosts use the 10 SEND OP COND 

Command (CMD5). See 3.2 
- - -

ACMD42 CMD52 In the SD mode, the pull-up resistor on DAT[3] is controlled by 
writing to the CD Disable bit in the CCCR. For Combo Cards, 
this resistor is enabled unless both the memory and the 1/0 
control registers are set to disable the resistor. For details, see 
section 4.6 

ACMD51 NONE The SCR register does not exist in an SDIO only card 
CMD17, CMD53 1/0 block operations use CMD53, rather than memory block 
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SD Memory SDIO Comment 
Command Command 

CMD18, read/write commands. 
CMD24, 
CMD25 

Table 4-1 Unsupported SD Memory Commands 

4.3 Modified R6 Response 

The normal response to CMD3 by a memory card is R6 as shown in Ta:pl' 4-2 T e a s atus bits (23-8) are 
changed when CMD3 is sent to an 1/0 only card. In this case, the 16 bits (\e\ p~e r ail be the SDIO-only 
values shown in Table 4-3 \\/')"" \ ~ 

Bit position 47 46 
Width (bits) 1 1 

Value 'O' 'O' 
Description Start Direction 

bit bit 

Bits Identifier 

15 COM CRC ERROR - -

14 ILLEGAL COMMAND 

13 ERROR 

4.4 

[45:40] [39:8] Arguine/ t fielo [7:1] 0 
7 1 
X '1' 

Command New publis ] Card status CRC7 end 
index [31: 16] of th Table 4-3) 

'000011' 

Type Description 

E R 'O'= no A<ilr \ ) The CRC check of the previous 
'1 ·~~ r "-._) command failed r ~, 

E R '~=0,6--erFo?-----" Command not legal for the card 
~ 1 ~ eJro \ state 

E R '// ..:_,0'= n( efrdr A general or an unknown error 
( ( ;, = em,/ occurred during the operation 

bit 

Clear 
Condition 

B 

B 

C 

In order to ~e)-E:: a u , ctions within an SDIO card or the SDIO portion of a combo card, a method different than 
that used fpr J:3. D me~ ry i2 ~efined. The reset command (CMDO) is only used for memory or the memory 
portion of ~o/hbo cards, I "0rg,er to reset an 1/0 only card or the 1/0 portion of a combo card, use CMD52 to write 
a 1 to_ the t~it~ \ e c9cR (bit 3 of register 6). Note that in the SD m~de, CMDO is only u~ed to indicate 
entry into S"l..!J)ode~n s • all be supported. An 1/0 only card or the 1/0 portion of a combo card Is not reset by 
CMDO. ~ 

4.5 Bus VViath 

For a SD memory card, the bus width for SD mode is set using ACMD6. The SDIO card uses a write to the 
CCCR using CMD52 to select bus width. In the case of a combo card, both selection methods exist. In this case, 
the host shall set the bus width in both locations by issuing both the ACMD6 and the CCCR write using CMD52 
with the same width before starting any data transfers. For details on changing the bus for an SDIO card, see 
Table 6-2 .. For a Combo Card, changing bus width is handled as shown in Table 4-4. 
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1/0 Memory Control Method 
Initialized Not CCCR 

Initialized 
Not Initialized ACMD6 

Initialized 
Initialized Initialized CCCR &ACMD6 

Table 4-4 Combo Card 4-bit Control 

As shown in Table 4-4, if only the 1/0 function of a combo card is activ~:'fnly ~ to H) CCCR is required 
change the bus width mode. If only memory is active then ACMD6 is all )IJat is ~eede6l to oliange bus widths. If 
both 1/0 and Memory are active then both CCCR and ACMD6 are need 'a t<\. cba b~ the bus width. In the 
combo card, both the memory and 1/0 controllers shall be set to the ~· J;t}e s wI th 

Note that Low-Speed SDIO cards support 4-bit transfer as an option. e\ com~ nicating with a Low-Speed 
SDIO card, the host shall first determine if the card supports 4-bit tra , f- p ·or'1.e> • ttempting to select that mode. 

If a Combo card supports the lock/unlock operation, it canno c~ n'ge t s viidth of a locked card and returns an 
illegal command error to a bus width switch command. The Ii~~ ~1ei tp unlock the card by CMD42 before 
changing bus width. This also implies that the host should ot c a~ bus width during initialization before 
managing a locked card. 

4.6 Card Detect Resistor 

SD memory and 1/0 cards use a pull-up resistor on T[3] to detect card insertion. The procedure to 
enable/disable this resistor is different betweeQ..SD\ n~ ) and SDIO. SD memory uses ACMD42 to control 
this ~esistor_ while SDIO uses writes to the ocp,R usi g OMD52. In the c~se ~f a combo card, both control 
locations exist and shall be managed by the hb s1 • or a combo card, the resistor Is enabled only when both the 
memory and the 1/0 control registers hav7,t~ \ esistdr 'enabled. That is, after a power on, the host shall disable 
the resistor using ACMD42 to the memqry--1Sontr :Ile{ dr a CCCR write to the SDIO controller since the resistor 
enable is a logical AND of the t~_o ena~les-(Table z<-'5 shows the effect of each resistor enable on the card's 
resistor. After power-up, both , catiQ_[ls cl'efault o} resistor enabled. Note that after an 1/0 reset, the 1/0 resistor 
enable is not changed. Note tha,t tre SQIO - pecification Version 1.00 required that both the SDIO and Memory 
resistor be disabled in order for t~e\iysi~ to actually be disabled (logical OR of the 2 enables). Combo cards 
built to that specification require 'th-6 J os t0 disable both enables. It is recommended the host disable both 
enables of any combo card to avoI Rroblems with the difference between 1.0 and current specification based 
cards. 

Card Resistor 
Resistor Connected 

Disabled Resistor Disconnected 
Enabled Resistor Disconnected 

i-sabled Disabled Resistor Disconnected 

Table 4-5 Card Detect Resistor States 

4.7 Timings 
This section is not included in the Simplified Specification. 
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4.8 Data Transfer Block Sizes 
SDIO cards may transfer data in either a multi-byte (1 to 512 bytes) or an optional block format, while the SD 
memory cards are fixed in the block transfer mode. The SD Physical Specification limits the block size for data 
transfer to powers of 2 (i.e. 512, 1024, 2048) unless using partial read and write. The SDIO Specification allows 
any block size from 1 byte to 2048 bytes in order to accommodate the various natural block sizes for 1/0 
functions. Note that an SDIO card function may define a maximum block size or byte count in the CIS that is 
smaller than the maximum values described above. 

4.9 Data Transfer Abort 

A host communicating with a SD memory card uses CMD12 to abort the ~;isfe \ o~, ~ -ite data to/from the 
card. For an SDIO card, CMD12 abort is replaced by a write to the ASx bits~·- tl\e CC(} . Normally, the abort is 
used to stop an infinite block transfer (block count=O). If an exact nu , ber f loc Jre to be transferred, it is 
recommended that the host issue a block command with the correc ec c u t, r-at~r than using an infinite 
count and aborting the data at the correct time. 

4.9.2 Write Abort w 
The host may issue an 1/0 abort by writing to the CCR ~t any time between data blocks during 1/0 extended 
write operation. In this case, the final block transfei:__( 's_~t~g the CRC response from the card) shall have been 
completed. This requires that the end bit of t~e, 1/,0 al;>.Q.!!.__,c6mmand should appear a maximum of two clocks 
before the end bit of the CRC response to the a~---dat block. Note that the 1/0 abort command may be sent any 
time after the CRC response to the last dat b ·0c . ~Y host shall not abort in the middle of a write block. After 
the 1/0 abort is sent to the card, the cfa ,d siQ_n~ _;Busy' (by pulling DAT[O] line to 'O') until it has finished 
processing the last transferred , ata bloJk . ..- urJng 1 nat Busy period, the host may release the bus by writing to 
the CCCR BR bit. There exist ec1al-eas : s when the abort is issued near the end of the CRC response to 
a write multiple command. 

The rest of this section is not i e Simplified Specification. 

4.10 Chan~~Memory Fixed Registers 

The SD Phys·.c I e 'ficatior ~ersion 1.01 defines 7 fixed card registers. They are: 

1. oq~ Register (32)Sit ) 
2. Cl~ Re€J· ter ~2§ _!:> its) 
3. CSD-.Eegiste 1 ll1 28 bits) 
4. RCA Re~ tey (j1 6 bits) 
5. DSR Reg1ste_y(16 bits, optional) 
6. SCR Reg1ster (64 bits) 
7. SD_CARD_STATUS (512 bits) 

In addition, within an SD memory card there is a status register whose value is returned to the host in the form of 
several responses (i.e. the R1 b response). An SDIO only card eliminates some registers and changes some of 
the bits in the remaining registers. The description of these register changes follows: 

18 

Petitioner Micron Ex-1028, 0027



©Copyright 2000-2007 SD Card Association 
SDIO Simplified Specification Version 2.00 

4.10.1 OCR Register 
All SD cards (memory, 1/0 and combo) shall have at least one OCR register. If the card is a combo card, it may 
have two OCR's (one for memory and one for 1/0). The memory portion of a combo card has an OCR accessed 
using ACMD41 and CMD58. The 1/0 portion of a card has an OCR with the same structure that is accessed via 
CMD5. If there are multiple OCR's the voltage range may not be identical. Some 1/0 functions may have a wider 
VDD range than that reflected in the 1/0 OCR register. The 1/0 OCR shall be the logical AND of the voltage 
ranges(s) of all I/O functions. Note that the 1/0 OCR format is different from the memo v sion in that it is only 
24 bits long. For details, see Table 3-1. The per-function voltage for each 1/0 functio ~a'n'li>e ead in the CIS for 
the card. 

4.10.2 CID Register 0 
There shall be a maximum of one CID register per SD card. If the card con~ - ins oth ) . mory and 1/0, the CID 
register information is unchanged from the SD 1.01 version and r~~ect tn~ "nf0r-rndtion from the memory 
portion of the card. If the card is 1/0 only, the CID register and the ass'o~te access-'tommand (CMD10) are 
not supported. If the host attempts to access this register in an 1/0 onl~ cckd, a , a'tsQ in SPI mode shall respond 
with an "Invalid Command" error response and a card in SD modes . ~I espond. 

4.10.3 CSD Register 
There shall be a maximum of one CSD register per SD card. If t~ ca d c , 11t • ins both memory and 1/0, the CSD 
register information is unchanged from the SD 1.01 versio a□ r fleet's the information from the memory 
portion of the card. If the card is 1/0 only, the CSD register . nd.,We ~~ ciated access command (CMD9) are not 
supported. If the host attempts to access this register in a~ IVO o , I ca cl , a card in SPI mode shall respond with 
an "Invalid Command" error response and a card in SD mode sh II not respond. 

4.10.4 RCA Register (N ~ 
There shall only be one RCA register per S~ .a_rd\ he RiCA value shall apply to the card as a whole. All 
functions and any memory share the same c ird,,-addre- s. 

4.10.5 DSR Register ~ 
SDIO only cards do not support the DS FR e jst r. lo✓the case of combo cards, support is optional as defined in 

4.10.6 SCR Register 

the SD Physical Specification. ~ 

There shall be a maximum of one S . ~ is,ter per SD card. If the card contains both memory and 1/0, the SCR 
register information is unchanged from the SD 1.01 version and reflects the information from the memory 
portion of the card. Jf--th~ard is 1/0 , n~ , the SCR register and the associated access command (ACMD51) are 
not supported. If Jt(e) 'le~ a tempts td~ ccess this register in an 1/0 only card, a card in SPI mode shall respond 
with an "Invalid Clo man " e ror response and a card in SD mode shall not respond. 

4.10.7 s p'Sta'tus 
There shal( bGrnaxim"!._ , f one SD Status register per SD card. If the card contains both memory and 1/0, the 
SD Status Jgisterinl'0r~t'6n is unchanged from the SD 1.01 version and reflects the information from the 
memory porti.Qo-of1he1 oarcl . If the card is 1/0 only, the SD Status register and the associated access command 
(ACMD13) are n t Sl;J,PP.brted. If the host attempts to access this register in an 1/0 only card, a card in SPI mode 
shall respond wi, h'"an "thvalid Command" error response and a card in SD mode shall not respond. 

4.10.8 Card Status Register 
The structure of the SDIO status register is shown in Table 4-7. For SDIO specific operations in the SD mode 
that return the card status register contents (i.e. the response to CMD7), some bits are not applicable to 1/0 
operations and shall be returned as 0. These unused bits are identified as type N/A. For combo cards, the 
values returned shall reflect the memory status. The CURRENT_STATE bits (12:9) shall reflect the memory 
Controller State. For an 1/0 only card, the unused bits are 0 and the Current_State bits (12:9) shall be 0xF (15) to 
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identify it as an 1/0 only response. 

1/0 specific status is reported by 1/0 response and Memory specific status is reported by Memory response 
except for the following case: In the SD bus mode, the card shall not respond to an Illegal Command or a 
command with a CRC error. The indication of those two error cases shall be given by the card in the following 
command's response. This is true for an 1/0 only card as well as for combo cards, even in cases where the 
erroneous command and the command that follows are not targeting the same card m(~~ (Memory or 1/0). 

Description~\ ~ Clear 
Bit Identifier Type Value !'>condition 

31 OUT OF RANGE ER '0'= no error The commz d's argfrye~w.N~ C 
'1 '= error of the allo . d1 ang~ for th1~ cara, 

30 ADDRESS ERROR NIA 0 Not used with ~DlO\>~~rati~n\ C 
29 BLOCK LEN ERROR NIA 0 Not useef\xitl;l"$)))J°'-op ~rafioy{ C 
28 ERASE SEQ ERROR NIA 0 j"wiv J .~ '\. .._...... Not used ith;SDl 0),_015Jeration C 
27 ERASE PARAM NIA 0 Not used ~,itt;i SDIO i¢R~ation C 
26 WP VIOLATION NIA 0 Not u~ecfw~th "$01.d operation C 
25 CARD IS LOCKED NIA 0 ( \Not ~srp'ofNitt\SDIQ-f>peration C 
24 LOCK UNLOCK FAILED NIA 0 / [\j,(;>,_t J~J¢' 1/itt, SQIO operation C 
23 COM CRC ERROR ER '0'= no error ttie~~:1Q!J~cY of the previous B 

'1 '= error / --GOm(Tl {l Jgjl~d. {Note 1 ) 
22 ILLEGAL COMMAND ER '0'= no error ( ( ~17r:t\id~~ ommand not legal for the B 

'1 '= error ca ;p ta :e. (Note 2) 

21 CARD ECC FAILED N/A 0---... \ \ t::Jo,tl u~ed with SDIO operation C 
20 CC ERROR NIA /Qr-,.._'\' , NQ.t,0sed with SDIO operation C 
19 ERROR ER '0'= nd e.1~rror)' A general or an unknown error C 

'J;=...er~Qr 1 occurred during the operation. 
18 UNDERRUN NIA ( r/ 0"--...._ / Not used with SDIO operation C 
17 OVERRUN NIA \ \../' ~O\ Not used with SDIO operation C 
16 CID/ CSD OVERWRITE NIA/' "-----:: y) ) Not used with SDIO operation C 
15 WP ERASE SKIP NIAr-v ------ <-.... pl Not used with SDIO operation C 
14 CARD ECC DISABLf=i""'-. NI\ \.../ ,r"\ \ 0 Not used with SDIO operation C 
13 ERASE RESET \ " ...... ~ IA~ J) 0 Not used with SDIO operation C 
12:9 CURRENT _STATE 

\ 'J~~ _1,5=110 only For an 1/0 only card, the current B 
state shall be fixed at a value of 

\ 0x0F. This indicates that it is an 1/0 
only card and the normal memory 

---- states do not apply 
8 READY ,fO~ - DA'F~ \ NIA 0 Not used with SDIO operation C 
7:6 Reselv~tJ '\_\ 

V 

5 APP CM_D'\ \ \ NIA 0 CMD55 not used in SDIO operation C 
4 Reser-vec/ '\ ) \ 
3 CIKES·EQ E'RR~ ) (SD 

~m-;r\l.-8-;r<il ~RP- spec.) 
NIA 0 Not used with SDIO operation C 

2 R.eseryedf ora6olication specific commands 
1, 0 Reserved 'fd,r manufacturer test mode 

Table 4-7 SDIO Status Register Structure 

Note 1: In the SPI mode, if the card detects a CRC error, it returns a com CRC error in the R1 response 
immediately following the command (see Figure 3-7). In this situation, the note that the CRC error is for the 
previous command does not apply. 
Note 2: In the SPI mode, if the card detects an Illegal Command, it returns an Illegal Command error in the R1 
response immediately following the command (see Figure 3-7). In this situation, the note that the Illegal 
Command error is for the previous command does not apply. 
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5. New 1/0 Read/Write Commands 
Two additional data transfer instructions have been added to support 1/0. IO_RW_DIRECT, a direct 1/0 
command similar to the MMC 'Fast 1/0' command, and IO_RW_EXTENDED, which allows fast access with byte 
or block addresses. Both commands are in class 9 (1/0 Commands). 

5.1 IO_RW_DIRECT Command (CMD52) 

The IO_RW_DIRECT is the simplest means to access a single register within th7tetcl! , 28K o register space in 
any 1/0 function, including the common 1/0 area (CIA). This commanel'{'eads 0r::fite-s byte using only 1 
command/response pair. A common use is to initialize registers or moni qr stat ~ val ~ f0r 1/0 functions. This 
command is the fastest means to read or write single 1/0 regist ,r's) . s it rJquires only a single 
command/response pair. 

S D Command 
Index 

110100b 
1 6 

R/W 
flag 

Function 
Number 

RAW 
flag 

Stuff 
v> 

Register AddrE}s 

3 1 1 ~ v ) >. 1 

Write Data 
or Stuff Bits 

8 

CRC7 

7 

E 

1 

Figure 5-1 IO_RW_DIREC~\~nd 

The IO_RW_DIRECT Command contains the following fiw <\ '\> 
S(tart bit): Start bit. Always 0 r--:--. 0 
D(irection): Direction. Always1 indic trs tr nsfer host to card. 
Command Index: Identifies the "10 RW DlREC ' , ommand with a value of 1101 00b 
R/W Flag: This bit determine~· ttw dlr~ cf<:? of the 1/0 operation. If this bit is 0, this command 

shall read data fro t . 'SQIO-card at the address specified by the Function Number 
and the Regist /\ , dr - .tG> the host. The data byte is returned in the response, R5. 
If this bit is seyo , t~e-eorhmand shall write the bytes in the Write Data field to the 
1/0 ,location aQ.Stressya b1 the Function Number and the Register Address. If the 

RAW Flag: 

CRC7: 
E(nd bit): 

RA_W'f-lag is J hen t~e data in the register that was written shall be read and that 
value ;Tor,:~ d ipft · e esponse. 
The ~aq>aftei:..._,._Write flag. If this bit is set to 1 and the R/W flag is set to 1, then the 
comm~ntl sfl'aU read the value of the register after the write. This is useful to allow 
writing\to control register and reading the status at the same address. If this bit is 
cleared~ He value returned in the R5 response shall be the same as the write data in 
the com~ 9nd. If this bit is set, the data field of the R5 response shall contain the 
~lue read from the addressed register after the write operation. 
He number of the function within the 1/0 card you wish to read or write. Note that 

f n tion 0 selects the common 1/0 area (CIA). 
h1k is the address of the byte of data inside of the selected function to read or write. 
biere are 17 bits of address available so the register is located within the first 128K 
131,072) addresses of that function. 

For a direct write command (R/W=1 ), this is the byte that is written to the selected 
address. For a direct read (R/W=0), this field is not used and shall be set to 0. 
7 bits of CRC data 
End bit, always 1 
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5.2 IO_RW_DIRECT Response (RS) 

The SDIO card's response to CMD52 shall be in one of two formats. If the communication between the card and 
host is in the 1-bit or 4-bit SD mode, the response shall be in a 48-bit response (R5) as described in 5.2.1. If the 
communication is using the SPI mode, the response shall be a 16-bit R5 response as described in 5.2.2. 

5.2.1 CMD52 Response (SD modes) 
The SDIO card's response to CMD52 in the SD mode is shown in Figure 5-2. If~ o ~r~ion was a read 
command, the data being read is returned as an 8-bit value. In addition, 15 bits of stat s • for~ t ion is returned. 
The format of the SD response is as follows: (\ ~ 

S D Command Stuff Response F Read , r)Write 
Index Bit a a 

CRC7 E 

1101 00b 7------------------
7 1 

Figure 5-2 R5 IO_RW_DIRECT<)esp 

The IO_RW_DIRECT response (R5) contains the following fiel•ds: 

S(tart bit): 
D(irection ): 
Command Index: 
Stuff Bits 
Response Flags 

Read or Write Data: 

CRC7: 
E(nd bit): 

Bits 

7 

6 

Start bit. Always 0 
Direction. 0 indicates transfer : ~ d to;l\os Response) 
Identifies the "IO_RW_DIRECT\ \ omtln~nd with a value of 110100b 
Not used, shall be set to g , \... 1 J 
8 Bits of flag data indica {ngtM~ tat1:1sif the SDIO card. Table 5-1 shows the format 
of these flag bits. . .) J 
For an 1/0 write (~~W~ ) 1t-QJne RAW Flag set (RAW= 1) this field shall contain the 
value read from tli1e~ ~~sse_d egister after the write of the data contained in the 
comma~d. Note t aH~~i's case, th_e read-back d~ta may not be the same as the 
data written t the e9~er depending on the design of the hardware. For an 1/0 
write with th~ErAJ.Y-bif-O, Hie SDIO function shall not do a read after write operation, 
anc;l't~ data ·n Flis field shall be identical to the data byte in the write command. For 
an '110 read ( ~o\ the actual value read from that 1/0 location is returned in this 
field. 
7 bits f. G 
End bi\ a\ ays 

type 

) ER 

ER 

Value 

'0'= no error 
'1 '= error 
'0'= no error 
'1 '= error 
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Description Clear 
Condition 

The CRC check of the previous B 
command failed. 
Command not legal for the card B 
State. 
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Bits 

5-4 

3 

2 
1 

0 

Identifier 

10 CURRENT STATE - -

ERROR 

RFU 
FUNCTION NUMBER 

OUT OF RANGE 

Type 

s 

ER 
ERX 

ER 

ER 

Value 

00=DIS 
01=CMD 
02=TRN 
03=RFU 

'0'= no error 
'1 '= error 

Description 

DIS=Disabled: 
Initialize, Standby and Inactive 
States (card not selected) 

CMD=DAT lines free: 
1. Command waiting~ (N 

transaction suspe , 
2. Command waitin , :A! 

CMD53 transactio 
suspe ded) 

3. Exec ti g C 052\'n CMD 
State 

TRN=T • 
Com itfl data 
trans or DAT[3:0] 

n error 
peration. 

~ be used for 

X" shall be used for 

'0'= lid function number was 
' sted 
' ommand's argument was out 
' f the allowed range for this card. 

Table 5-1 Fla[ I 0 _ IRECT SD Response 

Clear 
Condition 

B 

C 

C 
C 

C 

5.2.2 R5, 10 _RW_DIREC~ on~ mode) 
The SDIO card's response to cs;rv.1·@.52'-i{! t~ F> I mode is shown in Figure 5-3. If the operation was a read 
command, the data being read is\ ettih da an 8-bit value. In addition, 8 bits of status information is returned in 
a SPI R1 response byte as des ' ig 47 of the SD Physical Specification modified for 1/0 as shown in 
Figure 5-3. 

R/W Data (8 Bits) 

1 = in idle state 
RFU (always 0) 

.__ ___ 1 = illegal command 
'------1=COMCRCerror 

....._ _____ 1 = Function number error 
-------- RFU (always 0) 

--------- 1 = parameter error 
.__ _________ Start Bit (always 0) 

Figure 5-3 IO_RW_DIRECT Response in SPI Mode 

Note the read/write (R/W) data is identical to the read/write data described for the SD R5 response (see 5.2.1 ). 
Parameter error status in SPI mode corresponds to OUT_OF _RANGE and ERROR in the SD mode response. 
In the case of CMD53, Data Error Token should also be used to indicate OUT_ OF _RANGE and ERROR. 
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5.3 IO_RW_EXTENDED Command (CMD53) 

In order to read and write multiple 1/0 registers with a single command, a new command, IO_RW_EXTENDED 
is defined. This command is included in command class 9 (1/0 Commands). This command allows the reading 
or writing of a large number of 1/0 registers with a single command. Since this is a data transfer command, it 
provides the highest possible transfer rate. 

s D Command R/W Function Block OP Register Address lock CRC E 
J. 

Index flag Number Mode Code nt 7 
110101b /\ 

1 1 6 1 3 1 1 11✓ 9 7 1 

Figure 5-4 IO_RW_EXTENDED C , 

The IO_RW_EXTENDED Command contains the following 

S(tart bit): 
D(irection ): 
Command Index: 
R/W Flag: 

Function Number: 

Block Mode 

OP code 

Start bit. Always 0 
Direction. Always1 indicates transfe ~s t ,a . 
Identifies the "IO_RW_EXTENDEE( c rR(l"® 0 with a value of 110101 b 
This bit determines the directi6?.,o.Vt~e' lf5> operation. If this bit is 0, this command 
reads data from the SDIO carct,at the<~"clci'ress specified by the Function Number and 
the Register Address to t h~ t T~e) read data shall be returned on the DAT[x] 
lines. If this bit is set to 1 tpe c m anef shall write the bytes from the DAT[x] lines to 
the 1/0 location addressed:! by the Function Number and the Register Address. 
The number of the !J!Q_c :o\i ~ifhin the 1/0 card you wish to read or write. Note that 
function OxOO select~e ~drnfu1/n 1/0 area (CIA). 
(Optional) this bit ,t;,et o 1, indicates that the read or write operation shall be 
performed on 9--Plc k .rra~i , rather than the normal byte basis. If this bit is set, the 
Byte/Block cl6'u.aj)val~e--s~J11 contain the number of blocks to be read/written. The 
blo~ size f~r f l'l'Ctigns--1 -7 is set by writing the block size to the 1/0 block size 
regis~.r~ th8"=.SR-~ ee Tabl~ 6-3 a~d Ta_ble 6-4 ). The block size for function O is set 
by ~1 t1□g t~he PNO Block Size register In the CCCR. Card and host support of the 
bloc ~~oae~- ptional. The host can determine if a card supports block 1/0 by 
readi 19'-t.hj_l'CaQYsupports MB/0 bit (SMB) in the CCCR (see Table 6-2). The block 
size used when Block Mode = 1 and the maximum byte count per command used 
when Bl0ck Mode = 0 can be read from the CIS in the tuple 
TPLFE_MAX_BLK_SIZE (see 16.7.4) on a per-function basis. g ~ nes thl\ read/write operation as described in Table 5-2 

~ 1';;' 5-2 IO_RW_ EXTENDED command Op Code Definition 

o'p~ode Command operation 
I, / ;O Multi byte R/W to fixed address 

V / 1 Multi byte R/W to incrementing address 

• OP Code O is used to read or write multiple bytes of data to/from a single 1/0 register 
address. This command is useful when 1/0 data is transferred using a FIFO inside of 
the 1/0 card. In this case, multiple bytes of data are transferred to/from a single 
register address. For this operation, the address of the register is set into the 
Register Address field. Data is transferred on the DAT[O] or DAT[3:0] lines as defined 
for SD memory cards. 

• OP Code 1 is used to read or write multiple bytes of data to/from an 1/0 register 
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Register Address: 
Byte/Block Count 

address that increment by 1 after each operation. This command is used when large 
amounts of 1/0 data exist within the 1/0 card in a RAM like data buffer. In this 
operation, the start address is loaded into the Register Address field. The first 
operation occurs at that address within the 1/0 card. The next operation shall occur 
at address+1 with the address incrementing by 1 until the operation has completed. 
As with OP Code 0, the number of bytes is set in the Byte Count field of the 
command. ~ 

Start Address of 1/0 register to read or write. Range is [Ox'1 F.FPF0.J 
If the command is operating on bytes (Block Mode = ~ his ~ Id contains the 
number of bytes to read or write. A value of OxOOO s all c u e 512 bytes to be read 
orwritten. <) /\ (\ 

Count Value OxOOO Ox001 OxOj).2 A .). __ 

Bytes Transferred 512 1 2 v) 
Block Transferred 00 1 2 < " 

Table 5-3 Byte co0t Va -~ ~ v 

If the command is in block mode (,Block .~ J3~ the Block Count field specifies the 
number of Data Blocks to be transfer ,~cf followir:rg this command. A value of OxOOO 
indicates that the count set to infinite\tn'thl Ya~e, the 1/0 blocks shall be transferred 
until the operation is aborted b, ri [ing ta t e 1/0 abort function select bits (ASx) in 
the CCCR (see Table 6-1 and • able 6~ )- , ble 5-3 shows the relationship between 
the value in the command and · h actual number of bytes transferred. 

CRC7: 7 bits of CRC data ~ 
E(nd bit): End bit, always 1 \ \. ~ \ ) 

The response from the SDIO card to CMD53 shat"be {;_ hl same as CMD52) as defined in 5.2. For CMD53, 
the 8-bit data field shall be stuff bits and shall b ~ a -~s OxOO. Also, the ERROR response bit shall be type "E R 
X" (see Table 5-1 ). 

5.3.1 CMD53 Data Transfer Form~ 
When executing the IO_Rw_f\XtEs.t:,iDE IS>- (GM $3), the multi-byte or multi-block data transfer is similar to the 
data transfer for memory. Fort~ ,1ulti~yte/iran!§fer modes (block mode=O) the following applies: 

IO_RW_EXTENDED byte read is s~·r~r~ MD17 (READ_SINGLE_BLOCK) 

IO_RW_EXTENDED byte write is imrlar to CMD24 (WRITE_BLOCK) 

Note that the byt~ co -At~~ this tran fer is set in the command, rather than the fixed block size. Thus, the size of 
the data payload i . ,'.?...tne range of 1 J :1 2 bytes. The block mode is similar to the following memory commands: 

IO_RW_EXTEN 5~ bloc r ad is similar to CMD18 (READ_MUL TIPLE_BLOCK) 

IO_RW_EX~ D BD ~ ock {i'e is similar to CMD25 (WRITE_MULTIPLE_BLOCK) 
For the blop1<;rn0.de tH~~~ly elifference is that for a fixed block count, the host does not need to stop the transfer, 
as it conti~u$s utJ1iU t1o6~6ount is satisfied. If the block count is set to zero, the operation is identical to the 
memory m , cl'e1n ti a\ t e q,0st must stop the transfer. 

5.3.2 Speci~"'l:i.~) ng for CMD53 Multi-Block Read 
This section is'not included in the Simplified Specification. 
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6. 5D10 Card Internal Operation 

1/0 access differs from memory in that the registers can be written and read individually and directly without a 
FAT file structure or the concept of blocks (although block access is supported). These registers allow access to 
the 1/0 data, control of the 1/0 function and report on status or transfer 1/0 data to/from t~e-qost. The SD memory 
relies on the concept of a fixed block length with commands reading/writing multiples of,tl\e'se fixed size blocks. 
1/0 may or may not have fixed block lengths and the read size may be different from 1e w'ri. e ize. Because of 
this, 1/0 operations may be based on either a length (byte count) or a block size. 

6.1 Overview <) \j 
Each SDIO card may have from 1 to 7 functions plus one memor{'fu,90\io~ it Int0 it. A function is a self 
contained 1/0 device. 1/0 functions may be identical or completely diffe ;rn\fro~m e • ch other. All 1/0 functions are 
organized as a collection of registers. There is a maximum of 131,~ ~217) sters possible for each 1/0 
function. These registers and their individual bits may be read Only RO-) ~ t - ' fl y (WO) or Read/Write (R/W). 
These registers can be 8, 16 or 32 bits wide within the ca{~ All dt'J es~in§ is/based on byte access. These 
registers can be written and/or read one at a time, multiply t'e"~e JT el'~d~ ess or multiply to an incrementing 
address. The single R/W access is often used to initialize the I/ < ~ c\idn , to read a single status or data value. 
The multiple reads to a fixed address are used to read or w,i:i. e t • fr.om a data FIFO register in the card. The 
read to incrementing addresses is used to read or write a1g,o.l!,ectl0zi o data to/from a RAM area inside of the 
card. Figure 6-1 shows the mapping of the CIA and optioria CS · spa.tte for an SDIO card. 

6.2 Register Access Time ~ 0 
All registers in SDIO only cards and the SDIO porion o, Combo cards shall complete read and write data 
transfer in less than 1 second. This timeout v~-l:1€\_r . la es 9 the time for the requested data to be transferred 
to/from the host on the DAT[x] lines and not t e / imin etween the command and the response. This wait time 
is signaled to the host by the card using busy foc.,-awri e or delaying the start bit for a read operation. The host 
can use 1 second as the timeout value for , q_or-1~r-e'sponding location. If a functions needs to support an access 
time greater than 1 second, the card m . er,l nay uie I ome function specific method that is not defined in this 
specification. 

6.3 Interrupts 

All SDIO hosts should support har , w re in errupts. If a host does not support interrupts, it may have difficulties 
working with SDIO cards that exp · ct fast response to interrupt conditions. Each function within an SDIO or 
Combo card may impiement interrulilts as needed. The interrupt used on SDIO functions is a type commonly 
called "level sen i-O~e~~e sensiti~V means that any function may signal for an interrupt at any time, but once 
the function has ig~aled a~ interrupt, it shall not release (stop signaling) the interrupt until the cause of the 
interrupt is re ~ e or- com ahded to do so by the host. Since there is only 1 interrupt line, it may be shared by 
multiple int~pt,so ·,ces. Ty el function shall continue to signal the interrupt until the host responds and clears 
the interrupt/since mu'lliplEYin errupts may be active at once, it is the responsibility of the host to determine the 
interrupt sbu ~e(-$") an ~leal with it as needed. This is done on the SDIO function by the use of two bits, the 
interrupt en'able✓ana I terr pt pending. Each function that may generate an interrupt has an interrupt enable bit. 
In addition, the ~ 10 c~rd has a master interrupt enable that controls all functions. An interrupt shall only be 
signaled to the $D bus/if both the function's enable and the card's master enable are set. The second interrupt 
bit is called interrupq5ending. This read-only bit tells the host which function(s) may be signaling for an interrupt. 
There is an interrupt pending bit for each function that can generate interrupts. These bits are located in the 
CCCR area. For more details, see Table 6-1 and Table 6-2. Interrupt operation is described more fully in section 
8. 

26 

Petitioner Micron Ex-1028, 0035



©Copyright 2000-2007 SD Card Association 
SDIO Simplified Specification Version 2.00 

6.4 Suspend/Resume 

Within a multi-function SDIO or a Combo card, there are multiple devices (1/0 and memory) that share access to 
the SD bus. In order to allow the sharing of access to the host among multiple devices, SDIO and combo cards 
can implement the optional concept of suspend/resume. If a card supports suspend/resume, the host may 
temporarily halt a data transfer operation to one function or memory (suspend) in order to free the bus for a 
higher priority transfer to a different function or memory. Once this higher-priority yans er is complete, the 
original transfer is re-started where it left off (resume). Support of suspend/resum~t\(sI o t1 nal on a per-card 
basis. If suspend/resume is implemented, it shall be supported by the memory (if an\!) of a ~ ' bo card and all 
1/0 functions except 0 (the CIA). Note that the host can suspend multiple transa,9t~0~'\\ ~'\res , me them in any 
order desired. 1/0 function O does not support suspend/resume. Suspens;J;(Resur.ri i d"ts nbed in more detail in 
section 9. Any card that supports Suspend/Resume shall also support Re) d W~i and o ·ree't Commands (SRW 
and SOC = 1) Note that Suspend/Resume is defined only for the SD 1 and 4- , ·t o e . t does not apply to SPI 

transfers. S'1 ~ 
6.5 Read Wait ~ 

Host devices built to the SD Physical Specification shall co t ,01 t~e ~op K fo stop the read data block output 
from a card executing a multiple read command whenever they"1._os caninohiccept more data. During the time 
that the host has stopped the SDCLK, a CMD52 cannot be issueq. rh- · hmitation causes a problem in that a 
host device built to the SD Physical Specification cannot perfor t ie\ 6>-e6mmand during a multiple read cycle. 

In order to eliminate this limitation, the SDIO Specification • dQs t~ R.ead Wait control to enable the host to issue 
CMD52 during a multiple read cycle. Read Wait u~s t:i.E\.D~f2]) line to allow the host to signal the card to 
temporarily halt the sending of read data by a card. r h/s f.~a-tur:eJs,6ptional for an SDIO or combo card. However, 
if an SDIO or combo supports Read Wait, all functions an'bl ~ny memory shall support Read Wait. Read Wait is 
described in more detail in section 10. Any carc;Uh?t~\i e_e9>~s Suspend/Resume shall also support Read Wait. 
Note that Read Wait is defined only for the s [f 1,and -bit /odes. It does not apply to SPI transfers. 

6.6 CMD52 During Data Tr.an ~ 

A card may accept CMD52 du riing data t '®e if it supports Direct Commands (see SOC, Table 6-3). For both SD 
and SPI modes, if an error occu s i;l_ur fq_g dat9,1:r,a2hfer the SDIO card shall accept CMD52 to allow 1/0 abort and 
reset regardless of this bit value o\ th val e'GU3DC. 

6. 7 SDIO Fixed lnte 

The SDIO card ~ s - ix~ interna egister space and a function unique area. The fixed area contains 
information abo L1._t tlefe cara al\d certain mandatory and optional registers in fixed locations. The fixed locations 
allow any host to 0>~f~ n i~fo m'ation about the card and perform simple operations such as enable in a common 
manner. T e7tmct1o uniq J area is a per-function area, which is defined either by the Application 
Specificati(n . ' fo Stit-i~ d 1:i10 functions or by the vendor for non-standard functions. Figure 6-1 shows the 
internal map of an.SQ O~:,~fwith multiple functions. 
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CIA (Function 0) 

OxOOOOOO-OxOOOOFF CCCR 

Ox0001 OO-Ox0001 FF FBR (Function 1) K:====~=========,' "' 

Ox000200-0x0002FF 

Ox000300-0x0003FF 

Ox000700-0x0007FF 

l------....::.::.::.:.:.:.::.::.:1Er------t-7 
FBR (Function 2) 

Ox000800-0xOOOFFF 1-------R_Fu ____ ----t 

CIS Area 
Ox001000-0x017FFF 

Ox018000-0x01FFFF RFU 

Ox000000-0x01FFFF 

J 
• i~e- --1--SDIO Internal Map 

~ optional 
de Storage 

Area 
(CSA) 

6.8 Common 1/0 A~ AI( 

The Common 1/0 Area (CIA) shal( b, { t ~ ented on all SDIO cards. The CIA is accessed by the host via 1/0 
reads and writes to function 0. Th' registers within the CIA are provided to enable/disable the operation of the 
1/0 function(s), control the generati~ of interrupts and optionally load software to support the 1/0 functions. The 
registers in the Cl~ also ovide infor~ation about the function(s) abilities and requirements. There are three 
distinct register stfu\ ure - sa, ported ithin the CIA. They are: 

1. Car~Cn02_1 o~Cont I Registers (CCCR) 
2. Fu ctior:JJ3asi~ Registers (FBR) 
3. Ca d lnformatio 'stlucture (CIS) 

6.9 Card,..,,Co'm on Control Registers (CCCR) 

The Card Comm , o_GLtrol Registers allow for quick host checking and control of an 1/0 card's enable and 
interrupts on a per card (master) and per function basis. The bits in the CCCR are mixed Read/Write and read 
only. If any of the possible 7 functions are not provided on an SDIO card, the bits corresponding to unused 
functions shall all be read-only and read as 0. All reserved for future use bits (RFU) shall be read-only and return 
a value of 0. All writeable bits are set to O after power-up or reset. Access to the CCCR is possible even after 
initialization when the 1/0 functions are disabled. Access is performed using the 1/0 read and write commands 
defined in section 5. This allows the host to enable functions after initialization. The CCCR is organized as 
follows: 
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