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Conventions Used in This Document 

Naming Conventions 
• Some terms are capitalized to distinguish their definition from their common English 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., FFFFh an 
• Binary numbers are written with a lower case "b" suffix (e.g., 10b). I""~ 
• Binary numbers larger than four digits are written with a space p ividing eacli group of four digits, as 

in 1000 0101 0010b. I \ 
• All other numbers are decimal. ~ ~) 

Key Words ~ - "· ~ 
• May: Indicates flexibility of choice with no implied recommendation pr{ equirement. 
• Shall: Indicates a mandatory requirement. Desigry rs shall implement such mandatory 

requirements to ensure interchangeability and tof claim eonformance with the specification. 
• Should: Indicates a strong recommendation but not~ malid~to~ requirement. Designers should 

give strong consideration to such recom end~tiorisi"' but there is still a choice in 
implementation. {;;) 

Application Notes \ .\ . \\ \ 
Some sections of this document provide guidance-to thEN1ost implementers as follows: 
Application Note: ( r- \"-_,I 
This is an example of an application note. \ \ 
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1. General Description 
SD Memory Card is a memory card that is specifically designed to meet the security, capacity, 
performance, and environment requirements inherent in newly emerging audio and video consumer 
electronic devices. The SD Memory Card will include a content protection mechanism that complies 
with the security of the SDMI standard and will be faster and capable of higher Memory capacity. The 
SD Memory Card security system uses mutual authentication and a "new ciph~r al,gorithm" to protect 
against illegal usage of the card content. A Non-secure access to the userJsl s content is also 
available. \ 
SD memory cards may also support a second security system based on~commonly sed standards, 
such as ISO-7816, which can be used to interface the SD memory card into pUblic l'l~tworks and other 
systems supporting mobile e-commerce and digital signature applic~tions( / 
In addition to the SD Memory Card, there is the SD 1/0 (SDIO) Card. Tl\le SDIP Card specification is 
defined in a separate specification named: "SDIO Card Specificat~ a; 'that can b"e,obtained from the SD 
Association. The SDIO Specification defines an SD card that may contai~ nteffaces between various 
1/0 units and an SD Host. The SDIO card may contain memory storag~ capability as well as its 1/0 
functionality. The Memory portion of SDIO card shall be fully compatible')to the given Physical Layer 
Specification. The SDIO card is based on and compatible with the SD Memory card. This compatibility 
includes mechanical, electrical, power, signalling, and so~a~~-flh~ intent of the SD 1/0 card is to 
provide high-speed data 1/0 with low power consumptionfor rli1obiletefectronic devices. A primary goal 
is that an 1/0 card inserted into a non-SDIO aware host will eause no physical damage or disruption of 
that device or its software. In this case, the 1/0 carcfshould\simply be ignored. Once inserted into an 
SDIO aware host, the detection of the card will be vi~ the norrital'rneans described in the given Physical 
Layer Specification with some extensions that are dJsc~bed in the SDIO Specification. 
The SD Memory Card communication is ba~e'flon an a~vanced 9-pin interface (Clock, Command, 
4xData and 3xPower lines) designed to operate(in'at maximum operating frequency of 50 MHz and low 
voltage range. The communication protocol is tlefined as a part of this specification. 
The SD Specifications are divided into s verat'--documents. The SD Specifications documentation 
structure is given in Figure 1-1. 

Application Specifications ( 
~-~~--~ 

P~rt8~ eo Part4Audio --------------------1 Other Applications I 

I \v/ '--.I Part 2 Fi le System 

Part3 ~ 
\ 

Part \Physical Layer 
UHS-11 Addendum 

Part E1 SDIO 

/)~ 
) Mechanical Addenda 

) eSD Addendum (Embedded) 

PartA1 
Advanced 

Security SD 
Extension 

V ) . 
( ~ Figure 1-1: SD Spec11icat1ons Documentation Structure 

• Audio Speci ication: 
This specifica!i.oh, along with other application specifications, describes the specification of a specific 
application (in this case -Audio Application) and the requirements to implement it. 

• File System Specification: 
The specification describes the specification of the file format structure of the data saved in the SD 
Memory Card (in User Area and Protected Area). 

1 
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• Security Specification: 
The specification describes the content protection mechanism and the application-specific commands 
that support it. 

• Physical Layer Specification (this document): 
The specification describes the physical interface and the command protocol used by the SD Memory 
Card. The purpose of the Physical Layer specification is to define the sp Memory Card, its 
environment, and handling. ~ \ 
The document is divided into several portions. Chapter 3 gives a gen~ al overview of the system 
concepts. The common SD Memory Card characteristics are described in Chapter 4. As this description 
defines an overall set of card properties, we recommend using the pro~u~t dof umentation in parallel. 
The card registers are described in Chapter 5. rd~> 1 
Chapter 6 defines the electrical parameters of the SD Memory Ca~d's) ard are interface. 

Mechanical Specification described in Chapter 8 in Version ~.00 is m~ved to the Standard Size 
Mechanical Addendum. ~' )\ 
There are three mechanical addenda depend on form f~ tors~ v-· 

(1) Standard Size Mechanical Addendum /;\ 
(2) miniSD Mechanical Addendum (\ U 
(3) microSD Mechanical Addendum \.. 

UHS-11 Interface Specification is defined by the UHS~ end'blm. 
Un-removable memory device for embedded applicaliorzi1Jfined by the eSD Addendum. 

As used in this document, "shall" or "will" ~~ a mandatory provision of the standard. "Should" 
denotes a provision that is recommended but is not r andatory. "May" denotes a feature, which may or 
may not be present-at the option of( tne, imple_menter-and whose presence does not preclude 
compliance. ~ 

• Mc-EX Interface Specification: (This'Se'ction9s p dded in version 1.10) 
Part A 1 of the SD memory card sp~ifiGatiotL(Refer to Figure 1-1) serves as an extension to the SD 
card Physical Layer Specification ~~p~ovides all of the definitions required to transfer the Mobile 
Commerce Extension (Mc-EX) command packets from the Mc-EX host to the Mc-EX enabled SD 
memory card, and vice versa. 

• SDIO Specification 
SDIO card and embedded DIO are specified based on the Physical Layer Specification and 
modifications a~ tensions a~ escribed in the Part E1 SDIO Specification. 

~ 
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2. System Features 
• Targeted for portable and stationary applications 

• Capacity of Memory 
(1) Standard Capacity SD Memory Card (SDSC): Up to and including 2 GB 
(2) High Capacity SD Memory Card (SDHC): More than 2GB and up to and~ricloding 32GB 

(3) Extended Capacity SD Memory Card (SDXC): More than 32GB and up to and including 2TB 

• Voltage range: /~ 
High Voltage SD Memory Card- Operating voltage range: 2.7~ .6 V ( "'-
UHS-11 SD Memory Card - Operating voltage range VDD1: 2.7-3.6 ,1VDD2 1.70-1.95V 

• Designed for read-only and read/write cards. ~ ~ "\ 
• Bus Speed Mode (using 4 parallel data lines) ~ 

(1) Default Speed mode: 3.3V signaling, Frequenc~ up to 2oMHz up to 12.5 MB/sec 
(2) High Speed mode: 3.3V signaling, Frequency u~ o 50 MHz, up to 25 MB/sec 
(3) SDR12: UHS-l 1.8V signaling, Frequency up to 25 MHz{ u~ to 12.5MB/sec 
(4) SDR25: UHS-l 1.8V signaling, Frequency up t~ 50 MHz,\Up to 25MB/sec 

(5) SDR50: UHS-1 1.8V signaling, Frequency up to 1-00 ~~z
1 

up to 50MB/sec 
(6) SDR104: UHS-1 1.8V signaling, Frequency uJ to 208 MHz, up to 104MB/sec 
(7) DDR50: UHS-1 1.8V signaling, Frequen y1lp t 50 MHz, sampled on both clock edges, up to 

50MB/sec [: 
(8) UHS156: UHS-11 RCLK Frequency Range ~ Hz - 52MHz, up to 1.56Gbps per lane. 

• Switch function command supports Q~ed Mode, Command System, Drive Strength, and 
future functions ✓ 

• Correction of memory field error~'G 

• Card removal d~ring read o~eratio,!1-~-neve_r ha~m the cont~nt 

• Content Protection Mechams7-Complies with highest security of SDMI standard. 

• Password Protection of ca ~ s (CMDj 2 - LOCK_UNLOCK) 

• Write Protect feature using \echanical switch 

• Built-in write ~ tion feature~ (permanent and temporary) 

• Card Detection (Insertion/Removal) 

A I. ,,,-;:----...,t . ·t· \ d • pp 1ca,C, spec1 1c comman s 

• Co ~o able erase mechanism 
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• Protocol attributes of the communication channel: 

SD Memory Card Communication Channel 

Six-wire communication channel 
(clock, command, 4 data lines) 

Error-protected data transfer 

Single or Multiple block oriented data transfer 

• SD Memory Card Form-factor \/ ( ~ 
There are three Part 1 mechanical addenda as follows: /\ ~ \ 

Standard Size SD Memory Card: Specified in "Part 1 Standard Size SD Caro Atjdendum" 
miniSD Memory Card: Specified in "Part 1 miniSD Card Addendu~ '\ 
microSD Memory Card: Specified in "Part 1 microSD Card Addendu"( j.V 

• Standard Size SD Memory Gard thickness is defined as_ a>lt{J.1 mm (normal) and 1.4 mm (Thin 
SD Memory Card). "--

4 
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3. SD Memory Card System Concept 
Description here is a blank in the Simplified Specification. 

3.1 Read-Write Property 
In terms of read-write property, two types of SD Memory Cards are defined: ~ 
• Read/Write (RW) cards (Flash, One Time Programmable - OTP, Multiple Time~ rogrammable - MTP). 

These cards are typically sold as blank (empty) media and are used for mass\data storage, end user 
video, audio or digital image recording 

• Read Only Memory (ROM) cards. These cards are manufactured with fixed dat content. They are 
typically used as a distribution media for software, audio, video etc. ( \) 

3.2 Supply Voltage I\_ ~ 
In terms of operating supply voltage, two types of SD Memory Cards are defined: 
• High Voltage SD Memory Cards that can operate the voltage range of 2.7'\.3.6 V. 
• UHS-II SD Memory Card that can operate the voltage ranges'7DD'1: 2.7-8.6 V, VDD2: 1.70-1.95V 

3.3 Card Capacity ~ (J( 6 :? 
3.3.1 User Area and Protected Area ~ f . 

SD Memory Card has two accessible independent areas: Use{ Area and Protected Area. User Area is 
main memory area and Protected Area can be acdessed by the authentication defined by the Part 3 
Security Specification. Card Capacity means he..__ sum gt User Area Capacity and Protected Area 
Capacity. (\~ 

3.3.2 Card Capacity Classification n \J ~ 
In terms of card capacity, three types of S~emory Cards are defined: 

• Standard Capacity SD Memory para'~) supports capacity up to and including 2 G bytes (231 

bytes). All versions of the Physic~ayer S ecifications define the Standard Capacity SD Memory 
Card. ~) 

• High Capacity SD Memo~ard (SDHC) supports capacity more than 2 G bytes (231 bytes) up to 32 
G bytes and is defined from the Physical Layer Specification Version 2.00. 

• Extended Capacity SD Me ory Card (SDXC) supports more than 32 G bytes (235 bytes) up to 2TB. 

1. N;i::: Part 1 ~ ayer Sp~ cification Version 3.00 or later and Part 2 File System Specification 
Version 3.00 or later\ allow Standard Capacity SD Memory Cards to have capacity up to and including 
2 GB, High Capacity ~13.) Memory Cards to have capacity up to and including 32 GB and Extended 
Cap~city SD Memory Card to have capacity up to 2 TB. 

2. Hosts that 9~ocels (read and/or write) SD Memory Cards with a capacity greater than 2 GB and up 
to a~lincluJi□n\32 GB, shall also be able to access SD Memory Cards with a capacity of 2 GB or 
I ess. ~ 

3. Hosts that ca aacess (read and/or write) SD Memory Cards with a capacity greater than 32 GB and 
up to 2 TB, shall also be able to access SD Memory Cards with a capacity of 32 GB or less. 

3.4 Speed Class 
Five Speed Classes are defined and indicate minimum performance of the cards 
• Class O - These class cards do not specify performance. It includes all the legacy cards prior to 

the Physical Layer Specification Version 2.00, regardless of its performance 

5 



©Copyright 2001-2013 SD Group (Panasonic, SanDisk, Toshiba) and SD Card Association 
Physical Layer Simplified Specification Version 4.10 

• Class 2 is more than or equal to 2 MB/sec performance (Default Speed Mode) 
• Class 4 is more than or equal to 4 MB/sec performance (Default Speed Mode) 
• Class 6 is more than or equal to 6 MB/sec performance (Default Speed Mode) 
• Class 10 is more than or equal to 10 MB/sec performance (High Speed Mode) 

High and Extended Capacity SD Memory Cards shall support Speed Class Sgecification and have 
performance more than or equal to Class 2. {i~ 
Note that the unit of performance [MB/sec] indicates 1000x1000 [Byte/sec] w~ fthe unit of data size 
[MB] indicates 1024x1024 [Byte] . This is because the maximum SD Bus speed is ~ ecified by the 
maximum SD clock frequency (25 [MB/sec] = 25000000 [Byte/sec] at so( MRz) and ~ ata size is based 
on memory boundary (power of 2). \\_) i 

3.5 Bus Topology ~ ~ '0 
This section is a blank in the Simplified Specification ~· 
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3.6 Bus Protocol 

3.6.1 SD Bus Protocol 
Communication over the SD bus is based on command and data bit streams that are initiated by a start 
bit and terminated by a stop bit. 
• Command: a command is a token that starts an operation. A command is s(nttrom the host either 

to a single card (addressed command) or to all connected cards (broadcast €@mmand). A command 
is transferred serially on the CMD line. \ 

• Response: a response is a token that is sent from an addressed card:-or-~nchronously) from all 
connected cards, to the host as an answer to a previously receiJedcommand. A response is 
transferred serially on the CMD line. \ \ :l \ 

• Data: data can be transferred from the card to the host o~ ice ve sa. Data 1s transferred via the 
data lines. ' V 

host from~ 
to card(s) 

CMD 

DAT 

command 

.. operation (no response) . 

fromr-'\ host 
to card 

Figure 3-4: "no respons 

Card addressing is implemented using a sessio address, assigned to the card during the initialization 
phase. The structure of commands, respoRs,es a~data blocks is described in Chapter 4. The basic 
transaction on the SD bus is the comm~nd/response transaction (refer to Figure 3-4 ). This type of bus 
transaction transfers their information directly within the command or response structure. In addition, 
some operations have a data token~~ 
Data transfers to/from the SD Memory Card are done in blocks. Data blocks are always succeeded by 
CRC bits. Single and multiple bloc~ operali'0¥are defined. Note that the Multiple Block operation mode 
is better for faster write operation. A-m ultiple block transmission is terminated when a stop command 
follows on the CMD line. Data-transfer fan be configured by the host to use single or multiple data lines. 

/7 from 

J\ ~c~~ 
command · I respdr;ise I · 

from~ host 
to card 

CMD 

data from card 
to host 

stop command 
stops data transfer 

command· response 

DAT . < r '. \ data block . I data block icr~ data block er . . . . . . . . 

V ~ bv.lQc~,i:t;l_"d .. <mt;l.r."ti.on... . . . . . ~c1ta s_t_qp op~.r:atio.n ... 

~ \)) ~i~~;::~:1;:::i::~:~:::a:::d ;peration 

The block Write operation uses a simple busy signaling of the write operation duration on the DATO data 
line (see Fig1lre 3-6) regardless of the number of data lines used for transferring the data. 
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from \ host 
to card 

✓, from card 
to host 

data from 
hOst 
to car<l 

crcok 
response 
and busy 

from 
card 

stop command 
stops data trans­

fer 

CMD command · I response I · 
to hOst 

command response 

DAT .. data block ere .. ~-~ data block crf I J busy I 
~ 

.. bl9<::k .write operation . . . . . . . . . . . . . . . dat~. stop ~per tjon 

. . . . . . . . . . . . . . . . . . mql~ipl~ l:>I.o.c!< w.rite oper.at/c;>rJ .. ( . . . . (r]· ~ .. 
Figure 3-6: (Multiple) Block Write Operation ..._) 

Command tokens have the following coding scheme: (:v ) \ '-
transmitter bit ~ 

'1'= host corrman<l 

start bit: ~ 
always'O' ~ 

0 1 

Command content corrman<l an<l address1informatlon~)). 
or parameter, protected by 7 bit CRC°'Checksum J 

i A (r; 1i ral::~~. 

CONTENT \ lcRc 1 

total length=48 bits 

Figure 3-7: Comma~~~oken Format 
r------ \. _) 

Each command token is preceded by a start b;it~(O) and st:Jcceeded by an end bit (1 ). The total length is 
48 bits. Each token is protected by CRC bits so that transmission errors can be detected and the 
operation may be repeated. /') \ "--
Response tokens have one of four coding sch~ es, depending on their content. The token length is 
either 48 or 136 bits. The detailed comniands ard response definition is given in Chapter 4.7. The CRC 
protection algorithm for block data i5'8'16-bi%C~TT polynomial. All allowed CRC types are described in 
Chapter 4.5. ( S@\.J 

transmitter bit: ~ 
'0'=card response Respo~ c ntent mirrored command and status infor­

mation (R1 response). OCR register (R3 response) or 

R2 

start bit 
always'O' 

0 

RCA (R6), protected by a 7bit CRC Checksum 

CONTENT 

total length=48 bits 

CONTENT=CID or CSD 0 · ~ total length=136 bits 

1 

end bit: 
always '1' 

end bit 
always'1' 

\ ~ Figure 3-8: Response Token Format 

In the CMD } ine } he Most Significant Bit (MSB) is transmitted first, the Least Significant Bit (LSB) is the 
last. / "-../ 
When the wide~bus option is used, the data is transferred 4 bits at a time (refer to Figure 3-10). Start 
and end bits, as well as the CRC bits, are transmitted for every one of the DAT lines. CRC bits are 
calculated and checked for every DAT line individually. The CRC status response and Busy indication 
will be sent by the card to the host on DATO only (DAT1-DAT3 during that period are don't care). 
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There are two types of Data packet fonnat for the SD card. 
(1) Usual data (8-bit width): The usual data (8-bit width) are sent in LSB (Least Significant Byte) first, 

MSB (Most Significant Byte) last sequence. But in the individual byte, it is MSB (Most Significant 
Bit) first, LSB (Least Significant Bit) last. 

(2) Wide width data (SD Memory Register): The wide width data is shifted from the MSB bit. 

1. Data Packet Format for Usual Data (8-bit width) 

b7 bO 

3rd Byte 

nth Byte 

8bit width Data 

Ex 

[SDIO) 
CMD53 

[SD memory] 
CMD17, CMD18, 
CMD24, CMD25, 
ACMD18, ACMD25, 
etc 

Start bit 

DATO 

7 
Data Packet Format [or Standaro us (only DATO used) 

. ,s ayte ""ayte /"" ~ ( i .,.. EM 
Start bit Data Data ( I Data Data ~ 

oATJ/o~ ··· ~cRc l•I 
( 

DAT2 IO I b6 I b2 I - II b6 [ b2 [ I b6 I b2 I CRC I 1 I 

----- ) 

DATO l✓o [b4 I bO ►)•b4 Ibo I .. - I b4 Ibo II cRc I 1 I 

(~ CY 
'--.__ ~ "'taPacket Format for Wide Bus (all four lines used) 

Figur e.._3-9: Dai a Packet Format - Usual Data 
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2. Data Packet Format for Wide Width Data (Ex. ACMD13) 

b511 

Ex. 

Ex. SD status 

Wide Width 
Data 

[SD memory] 
ACMD13(SD Status), 
ACMD51 (SCR), 
etc 

bO 

Start bit End bit 

I b1 I bO I p~a I 1 

Data Packet Format for Standard Bus (only DA~~sed) 

-J \ \'~nd b1t 

I\ ~ ~ 
Start bit 

~ 
DA T3 0 b511 b507 b503 b499 b3 CRC 

I b6 I b2 I CRC I 1 

( / ' 
DAT1 I o l b509 Jb50sJbso1Jb497J .. ; . I b5 I b1 I cRc J 1 

\V 
DATO I o ! b508 l b5041bsoo1Moo l • • • I b4 I bO I cRc J 1 

(,.. 
Data Packet Fo\ at for Wide Bus (all four lines used) 

Figure 3-10: Data Packef f-ormat Wide Width Data 

3.6.2 SPI Bus Protocol ( \J ~'---..-I 
Details of the SPI Bus protocol are desc ·Q n Chapter 7. 

3.6.3 UHS-11 Bus Protocol ~ 
UHS-11 Bus protocol is defined in theJJ~ Addendum. 

\) 
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3. 7 SD Memory Card-Pins and Registers 

3. 7 .1 SD Bus Pin Assignment 
The SD Memory Card has the form factor 24 mm x 32 mm x 2.1 mm or 24 mm x 32 mm x 1.4 mm. 

1
11111111 
12345678 

9 

SD Memory 

Card 

wp 

<)Aij 
Figure 3-11: SD Memory Card Shape and In erface (To.p View) 

) 
Figure 3-11 shows the general shape of Standard Size and interface c n acts of the SD Memory Card. 
Th d t ·1 d h . I d. . d h . I d . t' 1 

. . P rt 1 M h . I Add da. e eaIe p ysIca ImensIons an mec amca •~PIOV?S~'" a ec amca en 
Table 3-1 defines the card contacts: 

Pin# SD Mode SPI Mode 
' 

Name Type1 Description I Name Type1 Description 

1 CD/DAT3:l I/O/PP3 
Card Detect/ ~ cs 13 Chip Select (neg true) ___, 
Data Line [Bit 3] 

2 CMD I/O/PP Comma1/~spo~ ) DI I Data In 

3 VSS1 s Supply voltage\ground vss s Supply voltage ground 

4 VDD s Supply'voitage' } VDD s Supply voltage 

5 CLK I 
' 

Clbck~ '-.../ SCLK I Clock 

6 VSS2 s Supply~ltage ground VSS2 s Supply voltage ground 

7 DATO I/O/PP ,Data,Line"l Bit 0] DO O/PP Data Out 

8 DAT14 1/0/PP\ \, Qata Uhe [Bit 1] RSV 

9 DAT2:i I/O/PP \Data Line [Bit 2] RSV 

1 S: owersu I -1~ t- O· out u · Jsin ush- ull drivers; PP: 1/0 usin ush- ull drivers; , . ., . ) p pp y p p g p p g p p 
2) The extendetl DAT lines (DAT1-DAT3) are input on power up. They start to operate as DAT lines after 
SET_BUS_WIDTH command. The Host shall keep its own DAT1-DAT3 lines in input mode, as well, while they are not 
used. ~ \ 
3) At poweF up this line has! a 0KOhm pull up enabled in the card. This resistor serves two functions Card detection and 
Mode pelection. For Mode Selection, the host can drive the line high or let it be pulled high to select SD mode. If the host 
wants to ~ ect SPI mode it should drive the line low. For Card detection, the host detects that the line is pulled high. This 
pull-up 'should be ~ isconnected by the user, during regular data transfer, with SET_CLR_CARD_DETECT (ACMD42) 
command 
4) DAT1 line ,m~ e used as Interrupt Output (from the Card) in SDIO mode during all the times that it is not in use for 
data transfer'operations (refer to "SDIO Card Specification" for further details). 
5) DAT2 line may be used as Read Wait signal in SDIO mode (refer to "SDIO Card Specification" for further details). 

Table 3-1: SD Memory Card Pad Assignment 
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Each card has a set of information registers (see also Chapter 5 in the Physical Layer Specification): 

Name Width Description 

CID 128 Card identification number; card individual number for identification (See 5.2). 
Mandatory. 

RCA' 16 Relative card address; local system address of a card, dynamically suggested by 
he card and approved by the host during initialization (See 5{4rY:'~'andatory. 

DSR 16 Driver Stage Register; to configure the card's output drivers (See 5.5). Optional. ., 
CSD 128 Card Specific Data; information about the card operation conditions (See 5.3). 

Mandatory /\ ( "'-
SCR 64 SD Configuration Register; information about the S\ ~ emol"()') ard's Special Fea-

ures capabilities (See 5.6). Mandatory "'- \.. _ 

OCR 32 Operation conditions register (See 5.1 ). Mandatory. 
''\.. '""="' 

~ 

SSR 512 SD Status; information about the card proprietary feat11res (See 4.10.2). 
Mandatory { n 

CSR 32 ~ard Status; information about the card statr0r4 .10 .1 ). Mandatory 

(1) RCA register 1s not used (available) m SPI mode 

Table 3-2: SD Memo\ \ r\ Re.gisters 

The host may reset the cards by switching the p-ower supply off and on again. Each card shall have its 
own power-on detection circuitry that puts thi card into a defined state after the power-on. No explicit 
reset signal is necessary. The cards can also ~e eset by sending the GO_IDLE (CMDO) command . 

.,,,--..._ \ 1 

\ 
\ 

~ ~ 
) 

,( -::> , 
I DA H1 \. ~ M.U'---" L; Lt<.. 

CD/DA T3 \ Interface driver 

I O~:OJ -W-. : • 
\ I CID[127:0l ]4----. 

I RCA15:0] :i--. Card 
interface 

\ I DSKll):01 ~ controller 

I CSD 127:01 j4----. 
11 S CKl63:0l ~ 

I SS~511:0] 1 .... 

I CSR[31:0] ~ 

• 
I Mel'llO<)' core interface 

Munc ry ( ~· 

1 
, 

DATO 
DAT1 

: 

-
reset ~ 

C 
0 

i 
8 

I 
C. 

resetl4-_ 

Figure 3-12: SD Memory Card Architecture 
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3. 7 .2 UHS-11 Pin Assignment 
UHS-11 Card shape is the same as SD Cards and UHS-11 Interface is assigned to pads on the second 
row. 

•''''''" 9 
l■I 1111 
1D 111213 1' 1~1517 

SD Memory Card 

() 

0 
Figure 3-13: UHS-11 Card Shape and Interface (TOR iew) 

0v 
Figure 3-13 shows the shape of Standard Size and i'),terfacelcoh'tac s o ttie UHS-11 SD Memory Card. 
The detailed physical dimensions and mechanical description are giv~ in Part 1 Mechanical Addenda. 
Table 3-3 defines the contacts for UHS-11. SD bus contacts 7 ~

1
nd p Pins are used for RCLK. The first 

row contacts in non UHS-11 mode are equivalent to Table 3-1 Regarding PHY 1/0 Type, refer to the 
UHS-11 Addendum for more details. ~ 

A"\_ 
Pin# Name Type \ \ \ \ Description 

4 VDD1 Supply voltage ,--..__ \ v J· 2.7Vto 3.6V 
7 RCLK+ Differential S ignaling: Input '\ "--I Clock Input 
8 RCLK- Differential S ignaling: lrlput I \ Clock Input 
10 VSS3 Ground ~ \__)) 
11 DO+ Differential S ignaling: l!)put (FD)/ Bidirectional (HD) Input in default 
12 DO- Differential S ignaling·:,,lnput (FD)/ Bidirectional (HD) Input in default 
13 VSS4 Ground r') "--" j J 
14 VDD2 Suoolv Voltao.e 2,..---..._ ~ 1.70V to 1.95V 
15 D1- Differe,ntial Signaling : Output (FD)/ Bidirectional (HD) Output in default 
16 D1+ Differenlial S ignaling: Output (FD)/ Bidirectional (HD) Output in default 
17 VSS5 Ground 

Ta'~ e. 3-3 · OHS-II Interface Pad Assignment 

UHS-11 Card s~ t drive u~~ lines of SD 1/F in UHS-11 mode. (CLK, CMD and DAT[3:2]. DAT[2] 
may be used as interrnpt line in case of UHS-11 SDIO Card. In this case, card controls DAT[2] level.) 
Host shall not leave thf se unused lines floating, but keep them at a defined high or low level. How to 
keep l~e--Je¥el✓. depe~dent on host implementation. For example, use pull-up resistor or host drives 
the li?es---toJlow\level without providing pull-up voltage. As DAT[1 :O] are used for providing RCLK, 
indiviaual line..,.control is required to use pull-up method for CMD and DAT[3:2]. CLK (without pull-up 
resist6r) should be driven to low. 
In case of e0g hibernate mode, unused lines shall be set to low before turning off VDD1. 

13 
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3.8 ROM Card 
ROM Card is defined as read only memory which meets following requirements. A permanent or 
temporary write protected writable SD memory card does not belong to this category. 

3.8.1 Register Setting Requirements 
Table 3-4 shows register setting requirements for ROM Card. 

Register Field Value Comment '\,. \ 

SD Status SD CARD TYPE 0001h SD ROM Card ~--........_ \. \. V. 

CCC bit4 o Class4 ,block write-----._ \ '\.. '\ 
CSD CCC bit 5 o Class5 erase \ \ \ .,. 

CCC bit6 o Class6 write protection 
CCC bit 7 o or 1 Class7'1.ock card 
PERM WRITE PROT 1 Permanent Write Protect 

SCR SD SECURITY o or 2 or 3 Security is optior:ial. 
' Table 3-4 : Register Setting Re\temG ts for R~ Card 

3.8.2 Unsupported Commands A ( 0 y' 
The ROM Card shall treat following commands as unsupported and illegal command. 

CMD24, CMD25, CMD27, CMD28, CMD29, CMD30, CMD32, CMD33, CMD38 

3.8.3 Optional Commands C \_)) 
The ROM Card can support following command~ as~ Rtional command. 

CMD42, security commands \ "'---.J 
• If CMD42 is not supported, bit 7 of ~ ha~ be set to 0. CMD42 is treated as illegal command. 
• When ROM card supports CMD42, •~ og<ing the card" and "Locking the card" functions shall be 

supported by presetting the paSSWord-1L~9K_UNLOCK_FAILED is indicated when receiving the 
other unsupported functions o~ CMD42. '--.../ 

• If security is not suppo'rted, SD:s....SEqJRITY shall be set to 0. The security commands are treated 
as illegal command. ~ , 

• ROM card does not support write and erase to the protected area. Refer to the Part 3 Security 
Specification about security comm'and support of ROM card. 

3.8.4 WP Switcn"- \ \ 
A full-size ROM"card does not have WP Switch. 

14 
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3.9 Ultra High Speed Phase I (UHS-1) Card 
UHS-1 provides up to 104MB/sec performance on 4-bit SD bus with the single end driver interface. Card 
form factor is the same and existing connector can be used. 

3.9.1 UHS-I Card Operation Modes 
• OS - Default Speed up to 25MHz 3.3V signaling 
• HS - High Speed up to 50MHz 3.3V signaling 
• SDR12 - SOR up to 25MHz 1.8V signaling 
• SDR25 - SOR up to 50MHz 1.8V signaling 
• SDR50 - SOR up to 100MHz 1.8V signaling 
• SOR 104 - SOR up to 208MHz 1.8V signaling 
• DORSO - DOR up to 50MHz 1 .8V signaling 

Note: 1.8V signal timings are different from those of 3.3V. 

3.9.2 UHS-I Card Types 
UHS-1 supports two card Types: <) 

• UHS50 A /;\ 
• UHS104 

1.J 
UHS-1 is not applied to SDSC card but can be applied to SDH~ nd 

Figure 3-14 and Figure 3-15 show UHS-1 supported l o~s 
DORSO is mandatory for microSD form factor a d-oRtio~ Standard size SD form factor 

OS \ \_), OS: Default Speed Mode 

~--H~S----,·• ~~ HS: High Speed Mode 
~SOR12 

SDR25 Signal Voltage 

S0 ~50 I 3.3V 1 1 1.8V I 

>----OO--;R50 :/.J \ 
OS '-,__ :·v -

UHS50 Card 

HS I". 
>-S-O-R1_2 _ __ ~ 

UHS104 Card SDR25 
~ >----- -S-O~R-5-0 ---------< <\ SDR104 

fr)-"\ :~ )~ ..... :-:-Z-:
0

-z-5-0M~H_z ____ 1_0_0M-Hz ______ 2_08_M_H_z_ Frequency 

\ ~ g0 4 - UHS-1 Card Type Modes of Operation versus Frequency Range 
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UHS50 Card 

UHS104 Card 

DS I 
HS 

SDR12 I 
SDR25 

DS 
HS 

SDR12 
SDR25 

I 

I 
SD~50 
DORSO 

SDR50 
SDR104 

DORSO 

OS: Default Speed Mode 
HS: High Speed Mode 

Signal Voltage 

I 3.3V 1 1 1.8V I 

" • Throughput 
12MB/s 25MB/s 50MB/s ( ( 7 -,04MB/s 

Figure 3-15: UHS-1 Card Type Modes of Ope\/t n) e rsus Throughput 

3.9.3 UHS-1 Host and Card Combination I ~ 
Host may use SDR50, DORSO and SDR104 modes ith either UHSS0 Card or UHS104 Card. 
Table 3-5 shows usable UHS performance depern:ls on the combination of host and card. UHS-I for 
removable card is presumed that one card is {connected to a SD bus. Maximum performance of up to 
104MB/s is possible only if host supports SDR104 mode and card is UHS104 Card (supports SDR104 
mode). If card is a UHS50 Card or if hosf'doesn!t).;upport SDR104 mode, performance is limited to 
S0MB/s (SDR104 mode cannot be used{. ~ 
Host may use DORSO mode with UHSsoe~ jnf UHS104 Card in microSD form factors. 

Host types: (2~ <:../ 
SOR-FD - SOR signali~, fixe~-(;!,elay\(can't use tuning) 
SOR-VD - SOR signaliQg, variaoJe__::delay (can use tuning) 
DOR - DOR signaling "- "-

\ 1 f'✓-

~ HOST-SOR-FD HOST-SOR-VD 
,,,.--.. (SOR, fixed-delay) (SOR, variable-delay) 

yp 
UHSS0 card 

SIS>~50 ~ 100MHz SDRS0 ~ 100MHz + tuning microSD 
UHS104 card '\§6~50 ~ 100MHz SDR104 ~ 208MHz + 

microSD tuninQ 
UHSS0 card SDRS0 ~ 100MHz SDRS0 ~ 100MHz + tuning 
Full-size SD 

UHS104 card 
SDRS0 ~ 100MHz 

SDR104 ~ 208MHz + 
Full-size SD tuning 

HOST-DOR 
(DOR) 

DORSO ~ 50MHz 

DORSO ~ 50MHz 

Optional 

Optional 

Table 3-5 : UHS-1 Host and Card Combinations 
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3.9.4 UHS-1 Bus Speed Modes Selection Sequence 

Poweron 
Once signal voltage is switched to 1.SV, the card continues 1.SV signaling 
regardless of CMD0. Power cycle resets the signal voltage to 3.3V . 

...::c.--.After Switching 1.SV singling, the card cannot be changed to SPI mode. 

Host requests card to change 1.SV signal voltage by ACMD41 . 
A status is indicated in the response whether voltage switch is accepted. 

If voltage switch is accepted by ACMD41, CMD11 invokes voltage switching 
sequence. If it is completed, the card enters SDR12 (default). 

I' 
If the CARD_IS_LOCKED status is set to 1 jn the response of CMD7, 
CMD42 is required before ACMD6 to unlock the card. 

UHS-1 supports only 4-bit mode. Host shall select 4-bit mode by ACMD6. 

Driver Strength is selected by CMD6 Function Group 3. 
Bus Speed Mode is selected by CMD6 Function Group 1 . 

.-..--, Current Limit is selected by CMD6 Function Group 4. 

CMD19 sends a tuning block to the host to determine sampling point. 
LJ~"..!!!.~!!....__l_:f'-::::::::~ UHS50 and UHS104 cards support CMD19 in 1.SV signaling. Sampling clock 

tuning is required for UHS104 host and optional for UHSS0 host. 

Figure 3-16: Command Sequence to Use UHS-I 

Figure 3-16 shows command seq11enc ~ a UHS-1. After power cycle, card is in 3.3V signaling 
mode. The first CMD0 selects th~ busmod ; SD mode or SPI mode. 1.8V signaling mode can be 
entered only in SD mode Once the cald)enters 1.8V signaling mode, the card cannot be switched to 
SPI mode or 3.3V signaling without power cycle. If the card receives CMD0, card returns to Idle state 
but still work with SDR12 timing. UHS-I is provided in SD mode but not in SPI mode. 
As higher bus speed require~ low level signaling, UHS-I adopts 1.8V signaling level for SDRS0, DORSO 
and SOR 104 modes. Still card is supplied with 3.3V by the host and 1.8V signaling level for SDCLK, 
CMD and DAJ [3:B] lines is cd~verted from 3.3V power line. To avoid voltage mismatch between host 
and card, sign,ing level is changed by voltage switch sequence at the initialization. The host and card 
communica!e ,using ACMD41 whether host and card support 1.8V signaling mode. Support of 1.8V 
signaling both host and card means UHS-I can be used. CMD11 invokes the voltage switch sequence. 
The cardente'ts UHS-l)mode and card input and output timings are changed (SDR12 in default) when 
the voltage-switch ~equence is completed successfully. (Refer to Section 4.2.4 for more detail.) 
Only ~-bit bus---mode i;1supported in UHS-I except CMD42. If the card is locked, host needs to unlock 
the card by CMD42 1n 1-bit mode and then needs to issue ACMD6 to change 4-bit bus mode. Operating 
in 1-bit moae is ~ot assured. 
Host can cttoo_se' suitable output driver strength by CMD6 Function Group 3. 
Host can choose one of UHS-I modes by CMD6 Function Group 1. Each UHS-I mode is specified by 
the maximum frequency, sampling edges (rising-only or both) and maximum Power consumption for 
compatibility with existing cards. Host can choose one of UHS-I mode depending on capability of 
generating SDCLK frequency and capacity of power supply host supported. 
CMD19 can be executed in transfer state of 1.8V signaling mode while the card is unlocked. The other 
case, CMD19 is treated as illegal command. 

17 



©Copyright 2001-2013 SD Group (Panasonic, SanDisk, Toshiba) and SD Card Association 
Physical Layer Simplified Specification Version 4.10 

3.9.5 UHS-1 System Block Diagram 
This section is a blank in the Simplified Specification. 
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3.9.6 Summary of Bus Speed Mode for UHS-1 Card 
Table 3-6 shows the card requirements regarding Bus Speed modes selected by CMD6 function group 
1. The maximum frequency and the maximum power are determined by CMD6. 

Bus Speed Max. Bus Max. Clock Signal Max. Power'2 

Mode·1 Speed Frequency Voltage [W] 

[MB/s) [MHz) M sosc·3 SDHC.4 - soxc·5 

SDR104 104 208 1.8 - 2.88.6 
I 2.88.6 

SDRS0 50 100 1.8 - 1.44 1.44 

DORSO 50 50 1.8 . r1 .44 1.44 

SDR25 25 50 1.8 . 0.72 0.72 

SDR12 12.5 25 1.8 - 0.36 0.36/0.54'7 

High Speed 25 50 3.3 0.72 0.72 0.72 

Default Speed 12.5 25 3.3 0.36 0.36 0.36/0.54'7 

* . 1. The card supports a UHS-I mode shall support all lower1..JHS-I modes. 
*2: Host may control power by the Power Limit funttion in{ Of1D6 (Refer to Section 4.3.10.3). 
*3: SDSC stands for SD Standard Capacity Memory Card a ct/\ 
*4: SDHC stands for SD High Capacity Memory Card. U ti' 
*5: SDXC stands for SD Extended Capacity Memory Card. J 
*6: The actual maximum current may vary from the limit described in this table. It is limited by the 

Mechanical Addenda in the sections that defi~e{the h'ermal profile of the device and the connector 
profile. \ \ 

*7: Host may select either maximum o/.'wer by X--PC in ACMD41 (Refer to Section 4.2.3.1). 
In SPI mode, XPC is not supported and the'P,ower shall be up to 0.36W (1 00mA at 3.6V on VDD1 ). 

Table 3-6 : Bu~ ~ ~des of UHS-I Card 

OS - Default Speed up to 25MHz 3.3V signaling 
HS - High Speed up to 50MHz2J.-Vi ignaling 
SDR12 - SOR up to 25MHz 'Ev signaling 
SDR25 - SOR up to 50MHz 1 ~ signaling 
SDR50 - SOR up to 100MHz 1.8V- signaling 
SDR104 - SOR up to 208~z 1.8\l-signaling 
DDR50 - DOR up to 50MHz 1.8V signaling 

Table 3-7 clarifies option / mand tory f bus speed mode for each card capacity type. 
Card Classification OS HS SDR50 SDR104 DDR50 
SDSC M 0 N/A N/A N/A 

Non UHS-1 M 0 N/A N/A N/A 
UHS50 M M M N/A 0 (Standard SD) 

SDHC M (microSD) 
UHS104 M M M M 0 (Standard SD) 

~ M (microSD) 
Non UHS-1 M 0 N/A N/A N/A 
UHS50 M M M N/A 0 (Standard SD) 

SDXC M (microSD) 
UHS104 M M M M 0 (Standard SD) 

M (microSD) 
M: Mandatory, O: Optional, N/A: Not Available 

Table 3-7 : Bus Speed Mode Option / Mandatory 

19 



©Copyright 2001-2013 SD Group (Panasonic, SanDisk, Toshiba) and SD Card Association 
Physical Layer Simplified Specification Version 4.10 

3.10 Ultra High Speed Phase II (UHS-11) Card 

3.10.1 UHS-11 Card Operation Modes 
SD Bus Interface Modes 

• OS - Default Speed up to 25MHz 3.3V signaling 
• HS - High Speed up to 50MHz 3.3V signaling 
• SDR12 - SOR up to 25MHz 1.8V signaling 
• SDR25 - SOR up to 50MHz 1.8V signaling 
• SDR50 - SOR up to 100MHz 1.8V signaling 
• SDR104 - SOR up to 208MHz 1.8V signaling (Optional) 
• DORSO - DOR up to 50MHz 1.8V signaling (Optional for Sta~ ard Size ardJ 

UHS-11 Interface Modes \ ) 
• FD156 - Full Duplex mode up to 156MB/s at 52MHz in RaQg~ 
• HD312 - Half Duplex with 2 Lanes mode up to 312MB/s at 52MHz in Range B (Optional) 

3.10.2 UHS-11 Card Type 
UHS-11 supports one card Type (\ 
The performance of UHS-11 card is indicated based on in Full D pie mode because HD312 is optional. 

• UHS156: UHS-11 Card with data rate up to 1.56Gbps in FD15G ~ de and up to 312Gbps in HD312 
mode (Optional). ~ 

( \ . \\ V 
Default Speed ~ 

High Speed HS (N 

l 
UHS50 SDR50/DDR50 r:::;.\ ~) 

UHS-I ( ~ 
UHS104 SDR104 

Bus mode 

i i ( y /""'\\....../ i FD: Full Duplex 
HD: Half Duplex 

UHS-11 f 
UHS156 l \~ I UHS·II FD156 

: ~' !'-,__! ~ -1 __ , ------------
: \ \ / : : . UHS-1I HD312 (Optional) 
: : 11' v : I I I I I 

I : : : I 

~ o 12 2\ 39 50 78 104 156 312 

Throughput {MB/s} 

< Figure 3-18: Throughput of UHS156 UHS-11 Card 

3.10.3 \ f ' Hi>sJd Card Combination 

~ ) V Host type 
UHS-11 FD156 only 

Card type 

UHS-11 HD312 
supported 

UHS156 HD312 su 
Note: HD312 cannot be used in Ring Topology 

Table 3-8 : UHS-11 Host and Card Combinations 
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3.10.4 UHS-11 Interface Selection Sequence 
UHS-11 supported host shall support Legacy SD Bus Interface (I/F) and UHS-11 I/F. Removable UHS-11 
card slot shall be connected to both I/Fs. Then UHS-11 card may be initialized not only in UHS-11 mode 
but also in SD Bus I/F mode. 
Figure 3-19 shows how to select UHS-II mode. After power up, SD bus I/F and UHS-II I/F of UHS-11 
card are enabled. UHS-11 supported host provides RCLK and STB.L to DO lane. Host waits D1 lane to 
change EIDL to STB.L. If STB.L is detected on D1 lane, host starts UHS-11 initializ'atlon. If D1 lane is not 
changed to STB.L by 200us timeout, host should initialize the card in SD BuS"I/Fmode. As 200us for 
STB.L detection is defined as per card, host needs to determine total timeo6t value tliat depends on 
UHS-11 bus topology of a system. /\ (~ 

UH5-II S----'-"'lL--~ 
Host 

200us Timeout 

vi\\\) 
P;ower lip 

Supply VDD1, VDO2 

Host supplies RCL.K and 
STB.Lon DO 

aits 01 

____ Q J UHS-U Initialization 

O1=STB.L 

SO 1/F Initialization 

Legacy SD Card 

♦ 

Card Controller 

, Figur~ 3.,,19:'l.JHS-II Interface Detection 

~ \.../1 
Figure 3-20 shows abstract of UHS-11 lnitiali ation sequence. The first step is PHY initialization. PLL is 
activated and synchronized. Before completing PHY Initialization period, SD Bus I/F is disabled. The 
second step is Device lnitiali~ation. Backend functions of devices are initialized. The third step is 
Enumeration. 4-bit unique Devic~ ID is assigned to each device to be able to select one of devices by a 
Device ID. The fourth step is Configuration. UHS-11 register is set to be able to use UHS-11 devices in 
optimized bus sequence. The fifth step is SD-TRAN Initialization. UHS-11 emulates SD Commands by the 
SD-TRAN. SDL°fRAN Initialization is equivalent to SD Bus Initialization but host issues SD Commands in 
UHS-11 packets. UHS-11 card accepts most SD commands except some specific commands. Refer to 
Section 4_l.5 about t~e dirt'erence of SD command definition in UHS-I1. If CMD0 is received, the UHS-11 
card re-sta s fr6m SD-TRAN initialization. 

Figure 3\ 1 shows\SD ~ us I/F Initialization sequence for UHS-11 Card. UHS-II card shall disable UHS-11 
Interface before ex~cution of ACMD41 is completed. If VDD2 is provided during SD Interface initialization 
of UHS-11 Card; hos~hall continue to provide VDD2. VDD2 may be off by power cycle with VDD1 before 
starting SD Interface initialization. On detecting non UHS-11 card, host may turn off VDD2 anytime. 
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CMD0 
(SD-TRAN) 

UHS-11 Initialization 

PHY Initialization 

- PLL Activation 
• PLL Synchronization 
• Disabling SD 1/F 

Device Initialization 

Enumeration 

I • Set Device ID 

Configuration 

I • Set Parameters 

CMOS 
ACMOOD 

CMD2 
CMD3 

Figure 3-20 : UHS-11 

LK 
LK 

Disabling UHS-11 1/F 

I CM-TRAN 
Initial ization 

UHS-II is disabled 
before ACMD41 is 

completed. 

Figure 3-21 : UHS-11 Interface Deactivation 
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3.10 5 S ummarvo us ;pee f B S o e or - ar d M d f UHS II C d 
Bus Speed Max. Bus Max. Clock Signal Max. Power"2 

Mode·1 Speed Frequency Voltage [W] 

[MB/s] [MHz] M sosc•3 SDHC*4 soxc•5 

HD312 312 52 0.4 - 2.88"6 2.88*6 -
FD156 156 52 0.4 - 2.88*6 2.8f 6 

SDR104 104 208 1.8 - 2.88"6 2.88*6 

SDR50 50 100 1.8 - 1.44 1.44 

DDR50 50 50 1.8 - 1.44 1.44 

SDR25 25 50 1.8 - 0.72 0.12 

SDR12 12.5 25 1.8 - 0.36 0.36/0.54*7 

High Speed 25 50 3.3 0.72 0.72 0.72 

Default Speed 12.5 25 3.3 0.36 0.36 0.36/0.54"7 

*1: The card supports a UHS-I mode shall support all lowJ~ UH~I modes. 
*2: Host may control card power by the Power Limit F6~ctio I o.f eMD6 
*3: SDSC stands for SD Standard Capacity Mem~.,r:y--G_ard. 
*4: SDHC stands for SD High Capacity Memory c;ard, ) 

UHS-11I/F.8 

SD Bus 1/F 

*5: SDXC stands for SD Extended Capacity Meniory C~d. 
*6: The actual maximum current may vary from tHe limit ~escribed in this table. It is limited by the 

Mechanical Addenda in the sections that'define the thermal profile of the device and the connector 
profile. { "-..,I 

*7: Host may select either card power by xp in ACMD41. 
In SPI mode, XPC is not supported'and the p.ower shall be up to 0.36W (3.6V 100mA). 

*8: Minimum power requirement of hps~.HS-11 mode is 0.72W and it is applied from PHY 
Initialization. \ ./J \ 

Table 3-9 .-Bus Sp~ed Modes of UHS-11 Card 

~CJ 
Table 3-10 shows Card Types and S pported Bus Speed Modes. 
It is recommended that U~S-11 hosts imP-lement the UHS-I mode (at least SDR50) to provide backward 
compatibility w ith UHS-I cards. "'-

Card Classification SPI OS HS SDR50 SDR104 DORSO FD156 HD312 
SDSC M M 0 NIA NIA NIA NIA NIA 
SDHC Non UHS M M 0 NIA NIA NIA NIA NIA 

UHS50 M M M M NIA 0 (Standard SD) NIA NIA 
M (microSD) 

UHS104 M M M M M 0 (Standard SD) NIA NIA 

~---- M (microSD) 
UHS156 M M M M 0 0 (Standard SD) M 0 

M (microSD) 
SDXC Non UHS M M 0 NIA NIA NIA NIA NIA 

UHS50 M M M M NIA 0 (Standard SD) NIA NIA 
M (microSD) 

UHS104 M M M M M 0 (Standard SD) NIA NIA 
M (microSD) 

UHS156 M M M M 0 0 (Standard SD) M 0 
M (microSD) 

Table 3-10: Bus Speed Mode Option/ Mandatory 
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4. SD Memory Card Functional Description 

4.1 General 
All communication between host and cards is controlled by the host (master). The host sends com-
mands of two types: broadcast and addressed (point-to-point) commands. ~ 
• Broadcast commands ( ,....,.___, 

Broadcast commands are intended for all cards. Some of these command_s reqllire a response. 
• Addressed (point-to-point) commands \. 

The addressed commands are sent to the addressed card and cause a response from this card. 
A general overview of the command flow is shown in Figure \ ,1 for card i~ nHfication mode and in 
Figure 4-13 for data transfer mode. The commands are listed in t~e 'f<\mm~nd tables (Table 4-22-
Table 4-31 ). The dependencies between current state, rece~ed co~rhand, and following state are 
listed in Table 4-34. In the following sections, the various cardb pe{ation modes will be described 
first. Afterwards, the restrictions for controlling the clock signal are 'defined. All SD Memory Card 
commands, along with the corresponding responses, stat~ ansition , efror conditions and timings 
are presented in the succeeding sections. , , 
Two operation modes are defined for the SD Memo/Y Card System (host and cards): 

• Card identification mode j () ✓, 
The host will be in card identification mode after reset ac:ia while it is looking for new cards on the 
bus. Cards will be in this mode after reset until th(e SEND~ CA command (CMD3) is received. 

• Data transfer mode (" ) 
Cards will enter data transfer mode after their RCA is first published. The host will enter data 
transfer mode after identifying all the card(rn th b~s. 

The following table shows the dependencies b twe~ operation modes and card states. Each state in 
the SD Memory Card state diagram (see( F,igure 4-1._}js associated with one operation mode: 

v:\ 
Card state A.. Operation mode 

Inactive St~te /\ "-../. inactive 

Idle Stal_e \__/ ) 
Re~dy Stat~ card identification mode 

ldenti.ficati9n State 

Stand~by, State 

Transfe'r SJate 

Sending-'data State data transfer mode 
Receive-data State 

l?rbgramming State 

Disconnect State 

T-able 4-1 : Overview of Card States vs. Operation Modes 
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4.2 Card Identification Mode 
While in card identification mode the host resets all the cards that are in card identification mode, 
validates operation voltage range, identifies cards and asks them to publish Relative Card Address 
(RCA). This operation is done to each card separately on its own CMD line. All data communication in 
the Card Identification Mode uses the command line (CMD) only. 
During the card identification process, the card shall operate in the SD cl . Gk frequency of the 
identification clock rate f oo• (' ~ 

4.2.1 Card Reset /~ \ 
In SD Mode, the command GO_IDLE_STATE (CMD0) is the software reset co"1mand and sets each 
card into Idle State regardless of the current card state. Cards in lhactivd\ Stat~re not affected by this 
command. \ 
After power-on by the host, all cards are in Idle State, includi~ the car~ that have been in Inactive 
State before. '> 

After power-on or CMD0, all cards' CMD lines are in input mode, Waiting for sJart bit of the next com­
mand. The cards are initialized with a default relative card add ess ~c,e.=6xOOOO) and with a default 
driver strength with 400KHz clock frequency. In case of 3:3V signaling, default driver strength is 
specified by the Driver Stage Register (DSR) if supporte~ and ~yl9ct

1
ed highest driving current capability. 

In case of 1.8V signaling, default driver strength is specified by fypelBfdriver. 
In UHS-11 Mode, RCA is not cleared to 0x0000 by CMD0-and ke~tits Device ID, which is determined by 
Enumeration. ( \ ) 

4.2.2 Operating Condition Validation Q_ 
At the start of communication between the ho t aria the car , the host may not know the card supported 
voltage and the card may not know whether it suppdrts the current supplied voltage. The host issues a 
reset command (CMD0) with a specified/VOitage while assuming it may be supported by the card. To 
verify the voltage, a following new COrl(lmand~(CMD8) is defined in the Physical Layer Specification 
Version 2.00. \ ~ '\ 
SEND_IF _COND (CMD8) is used ;tQ erify S0 Memory Card interface operating condition. The card 
checks the validity of operating condition-by analyzing the argument of CMD8 and the host checks the 
validity by analyzing the response bf-C,MD8

1 
(See Chapter 4.3.13). The supplied voltage is indicated by 

VHS field in the argume~. The ca'ra assumes the voltage specified in VHS as the current supplied 
voltage. Only 1-bit of VHS shall ~ set to 1 at any given time. Both CRC and check pattern are used for 
the host to check validity of communication between the host and the card. 
If the card can operate on the sQpplied voltage, the response echoes back the supply voltage and the 
check pattern that were set in t_he command argument. 
If the card cal.'fioto-perate on t~e supplied voltage, it returns no response and stays in idle state. It is 
mandatory !-_o ,i~CMD8 prio~ to first ACMD41 to initialize SDHC or SDXC Card (See Figure 4-1 ). 
Receipt of CMO8 ma~s the cards realize that the host supports the Physical Layer Version 2.00 or 
later z -the card can enable new functions. 

SD_SE~~CoNd(ACMD41 ) is designed to provide SD Memory Card hosts with a mechanism to 
identify aRd rejecl\clirds which do not match the VDD range desired by the host. This is accomplished by 
the host sending\ the required V DD voltage window as the operand of this command (See Chapter 5.1 ). 
Cards whi~~not perform data transfer in the specified range shall discard themselves from further 
bus operati~s and go into Inactive State. The levels in the OCR register shall be defined accordingly 
(See Chapter 5.1 ). Note that ACMD41 is application specific command; therefore APP _CMD (CMD55) 
shall always precede ACMD41. The RCA to be used for CMD55 in idle_state shall be the card's default 
RCA= 0x0000. 
After the host issues a reset command (CMD0) to reset the card, the host shall issue CMD8 prior to 
ACMD41 to re-initialize the SD Memory card. 
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Figure 4-1 shows State Diagram of card Identification mode for SD I/F. In case of UHS-11 mode, refer to 
SD-TRAN Section of the UHS-11 Addendum. 

SPI Operation 
Mode 

CMD0+ 
CS Asserted 

("0") 

card returns busy ('1) or/ 
host omitted voltage range 

No Response 
(Non valid command) 
Must be a 
MultiMediaCard 

Start MultiMediaCard 
initialization process 

starting at CMD1 

Power on 

""",11 s~ re~ (iM) 

If card cannot operate under supplied voltage, -~r-.... ✓--,card d\ esn't r\e'spond ancfreti) to 'Idle State' 

CMD8 r - -.c..__-It is manda_tory for the host compliant 
\ '\ to P hysital Spec Version 2.00 0v ~ "\ to se'ii°d CMD8 before ACMD41 

Inactive 

\\;~~ 
card~ ith non l mPl'Jtible 

v~erang~v 

card,,executes Voltage 
Switch Se;quence .> 
Whether ifpm be executed 

__ .%,__--c---.._is dD in ACMD41. 

(stby) CMD3 CMD15 
data-transfer-mode ~ nd-by state 

)
"--" Card responds with from all states in 

new RCA data-transfer-mode 

('1) Note Card ret~ms busy when.,__ 
Card execvtet'intemal initialization process 
Card is Hig'h or Extended capacity SD Memory Card and host doesn't support 
High or Extepded capacity 

~ This means that~MD8 is mandatory to initialize High capacity SD Memory Card . 

I " V 

Fig~- SD Memory Card State Diagram (card identification mode) 

By s~ e..QCR to zero in the argument of ACMD41 , the host can query each card and determine 
the common vol age refnge before sending out-of-range cards into the Inactive State (query mode). This 
query should be used if the host is able to select a common voltage range or if a notification to the 
application o(non-usable cards in the stack is desired. The card does not start initialization and ignores 
HCS in the argument (refer to Section 4.2.3) if ACMD41 is issued as a query. Afterwards, the host may 
choose a voltage for operation and reissue ACMD41 with this condition, sending incompatible cards 
into the Inactive State. 
During the initialization procedure, the host is not allowed to change the operating voltage range. Refer 
to the power up sequence as described in Chapter 6.4. 
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4.2.3 Card Initialization and Identification Process 
After the bus is activated the host starts card initialization and identification process (See Figure 4-2). 
The initialization process starts with SD_SEND_OP _COND (ACMD41) by setting its operational 
conditions and the HCS bit in the OCR. The HCS (Host Capacity Support) bit set to 1 indicates that the 
host supports SDHC or SDXC Card. The HCS (Host Capacity Support) bit set to O indicates that the 
host supports neither SDHC nor SDXC Card. /'-.. 
Receiving of CMD8 expands the ACMD41 function; HCS in the argument an~rSCS (Card Capacity 
Status) in the response. HCS is ignored by cards, which didn't respond to eMli)8_ However the host 
should set HCS to O if the card returns no response to CMD8. Standard Capacity SD Memory Card 
ignores HCS. If HCS is set to 0, SDHC and SDXC Cards never return ready sUJtu's (keep busy bit to 0). 
The busy bit in the OCR is used by the card to inform the host 'vj'hethrr initialization of ACMD41 is 
completed. Setting the busy bit to O indicates that the card is still initi~i~~ng. s;etting the busy bit to 1 
indicates completion of initialization. Card initialization shall be eomplete~\vithin' 1 second from the first 
ACMD41. The host repeatedly issues ACMD41 for at least 1 second or until ffie busy bit are set to 1. 
The card checks the operational conditions and the HCS bit in the 0 CR o~y at the first ACMD41 with 
setting voltage window in the argument. While repeating ACMD41 the) host shall not issue another 
command except CMDO. ( 

If the card responds to CMD8, the response of ACl'y1D41\inc udes the CCS field information. CCS is 
valid when the card returns ready (the busy bit is set to 1 ). /of::,J,= means that the card is SDSC. 
CCS=1 means that the card is SDHC or SDXC. \ 
The host performs the same initialization sequence toail of the new cards in the system. Incompatible 
cards are sent into Inactive State. The host then issues the command ALL_SEND_CID (CMD2), to 
each card to get its unique card identification (CID) number. Card that is unidentified (i.e. which is in 
Ready State) sends its CID number as the response (on t~e CMD line). After the CID was sent by the 
card it goes into Identification State. Thereafter, ~~e host issues CMD3 (SEND_RELATIVE_ADDR) asks 
the card to publish a new relative card addreJs \(RCf) which is shorter than CID and which is used to 
address the card in the future data transfennode. Once the RCA is received the card state changes to 
the Stand-by State. At this point, if the host wants to assign another RCA number, it can ask the card to 
publish a new number by sending anoth1~ D3 command to the card. The last published RCA is the 
actual RCA number of the card. @ 
The host repeats the identification p~ss, ·-&,Ahe cycles with CMD2 and CMD3 for each card in the 
system. /"\ \ 
Initialization of SDXC is identical to SDJ:IC) User area capacity of SDXC card is specified by C_SIZE 
and it shall be more than or equal to 32GB. 

Figure 4-2 shows Card Initialization and Identification for SD 1/F. In case of UHS-11 mode, refer to SD­
TRAN Section of the UHS-11 A drdum. 

Application Notes: 
The host shall\set AGMD41 timeout more than 1 second to abort repeat of issuing ACMD41 when 
the / ~rcjvdoes not indicate ready. The timeout count starts from the first ACMD41 which is set 
voltage window.in th1e ,argument. 
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Ver2.00 or later SD Memory Card(voltage mismatch) 
or Ver1 .X SD Memory Card 

or not SD Memo Card 

Unusable 
card / 

cards witn non compatible 
voltage range(card goes to 
Ina' state) or time-out 
(no response or busy) occuy 

Not SD Memory Card 

Card rerums 
ready 

ver1.X 

Card rewms 
busy 

Card rewms 
busy 

Card rewms :ST r 
Non-compatible voltage'\ange 
or check attem is not correct 

/ /,:Unusable 
Card 

I 
~ ompatible voltage range 

card witn compatible and check pattern 1s correct 

Voltage range ~ 
/ lf~~upports high capacity, HCS Is setto 1 

.~ -~~~,---, cards wItn non compatible voltage range 

/ 
or time-out (no response or busy) occurs 

Unusable 
t>-n -'----t~ Card 

S18R and S18A are negotiated in ACMDl1. 
s 18A is valid only when card rewms ready 

S18R=0 or S18A=0 

~F- I I 1gure 4-2: Card nitialization and Identification F ow (SD mode) 
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4.2.3.1 Initialization Command (ACMD41) 
Followings are general rules of the argument of ACMD41: 
( 1) If the voltage window field (bit 23-0) in the argument is set to zero, it is called "inquiry CMD41" that 

does not start initialization and is use for getting OCR. The inquiry ACMD41 shall ignore the other 
field (bit 31-24) in the argument. 

(2) If the voltage window field (bit 23-0) in the argument is set to non-zero at the first time, it is called 
"first ACMD41" that starts initialization. The other field (bit 31-24) in the argurpenl is effective. 

(3) The argument of following ACMD41 shall be the same as that of the first ACMID4'1. 

Figure 4-3 shows argument format and Figure 4-4 shows response format. Two n~ ~ elds are added to 
the argument of ACMD41. '\ /. ~ . .>. 
If a SDXC Card is initialized with XPC=0, the card is operating at up to 0.36W ('100mA at 3.6V on 
VDD1) in Default Speed or SDR12, and if the card does not support Sp~ed Claks, Class 0 is indicated 
in SD Status. If a SDXC Card is initialized with XPC=1 , the card i5✓<>perating at up to 0.54W (150mA at 
3.6V on VDD1) in Default Speed or SDR12, and the card supports Sp~ed Class. Re-initialization is 
required to change XPC selection. \. 
UHS-I supported host sets S 18R=1 in the argument of ACMO'41 to request the card to switch 1.8V 
signaling level. UHS-I card respond with S18A=1 in the rtsponse of ACMD41 (if in 3.3V signaling 
mode) and then host can issue voltage switch command. oncJjVoltage switch is performed, UHS-I card 
indicates S18A=0 to keep current signal voltage. In UHS-1\ mode,(!_tie card always indicates S18A=0. 

w\ (1) Argument of ACMD41 

47 46 45--40 39 38 37 36 3!,-33 \ \n \\ 31-16 15-08 07--01 00 

s D Index Busy HCS (FB) XPC Re,serve<t S18R OCR Resetved CRC7 E 
31 30 29 28 f7fl-5 24- 23--08 07-00 

0 1 101001 0 / X 0 X \ \ooo \ \x , xxxxh 0000000 xxxxxxx 1 

1 1 6 1 1 1 r \) \ 3 .......___,') 1 ~ 
8 7 1 

\~ 
Host Capacity Support 

I~ .) 
51 SR : Switching to 1.SV Request SDXC Po7er Control ,,....ro '--../ 

Ob: SDSC Only Host ( b: Pow_e Saving Ob: Use current signal voltage 

1 b: SDHC or SDXC Supported I" 1 b-:---Maximum Performance 1 b: Switch to 1.8V signal voltage 

l 

Note: Fast Boot'{Bif29) is rese_,rved for eSD. 
~ Figure 4-3: Argument of ACMD41 

2) Response of ACMD41 ( 3)( 

47 46 ~ 39 38 \\ 37 36-33 32 31-16 15-08 07--01 00 

s D Index ~; ccs UHS-11 Reserved S18A OCR Reserved CRC7 E 
30 29 28-25 24 23-08 07-00 

0 0 111111 X 1 X X 0000 X xxxxh 0000000 1111111 1 ,...--.....,, I ' '-- .... 

I rv 6 !J 1 1 

~ 
1 

~ 
8 7 1 

Bu~ysta{\(s ~ Card Capacity Status UHS-11 Card Status 51 SA : Switching to 1.SV Accepted 
Ob: On lniti~on Ob: SDSC Ob: Non UHS-11 Card Ob: Continues current voltage signaling 

1b: lnitial?tion} \ mplete 1 b: SDHC or SDXC 1 b: UHS-11 Card 1 b: Ready for switching signal voltage 

- ~ 

Figure 4-4: Response of ACMD41 

CCS (Bit 30), UHS-11 (Bit 29) and S18A (Bit 24) are valid when Busy (Bit 31) is set to 1. 
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4.2.4 Bus Signal Voltage Switch Sequence 

4.2.4.1 Initialization Sequence for UHS-I 
Figure 4-5 shows sequence of commands to perform voltage switch and Figure 4-6 shows initialization 
flow chart for UHS-I hosts. Red and yellow boxes are new procedure to initialize UHS-I card. 

Repeat ACMD41 
The Last ACMD41 

Bit 31: Ready 
Bit 30: CCS=1 
Bit 24: S18A=1 

Ir" ---~ 
Voltage Switch 

\J"'(~\\i 
Figure 4-5: ACMD41 Timing Followed by Voltage Sw i~ \ Sequence 

--~~© 
ACIID41 HCS-1, S18R•1 ( I~ \\ ~ 

No Response D31=0_(busy) v 
ompleted) 

C!CS=O SDSC No 

)J 

No Response 

ponse 

Voltage Switch Sequence 
Switch to SDR12 timing 

\\ 

No-Switch 
CMD6 

Function Group 3 

Driver Strength 

CMD6 
Function Group 1, 4 

UHS-1 Mode Power Limit 

CMD19 

Power Cycle 
1.8V Si nal UHS-1 Mode 

,,---......_ 

( ~VF"gure 4-6 : UHS-I Host Initialization Flow Chart 

When signaling--level is 3.3V, host repeats to issue ACMD41 with HCS=1 and S1 8R=1 until the response 
indicates ¥ady. The argument (HCS and S1 8R) of the first ACMD41 is effective but the all following 
ACMD41 should !Se issued with the same argument. If Bit 31 indicates ready, host needs to check CCS 
and S18A. The card indicates S18A=0, which means that voltage switch is not allowed and the host 
needs to use current signaling level. S18A=1 means that voltage switch is allowed and host issues 
CMD11 to invoke voltage switch sequence. By receiving CMD11 , the card returns R1 response and start 
voltage switch sequence. No response of CMD11 means that S18A was 0 and therefore host should not 
have sent CMD11. Completion of voltage switch sequence is checked by high level of DAT[3:0]. Any bit of 
DAT[3:0] can be checked depends on ability of the host. 
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When entering tran state, CARD_IS_LOCKED status in the R1 response should be checked (it is 
indicated in the response of CMD7). If the card is locked, CMD42 is required to unlock the card. If the 
card is unlocked, CMD42 can be skipped. 
In case of UHS-I card, appropriate driver strength is selected by CMDG Function Group 3 and one of 
UHS-I modes is selected by CMDG Function Group 1. 
In SDR50 and SDR104 modes, if tuning of sampling point is required, CMD19 is repeatedly issued until 
tuning is completed. 

4.2.4.2 Timing to Switch Signal Voltage 
This section is a blank in the Simplified Specification. 

4.2.4.3 Timing of Voltage Switch Error Detection 
This section is a blank in the Simplified Specification. 

Figure 4-9 shows Voltage Switch Command (CMD11 ) definitien. CMID11 can be executed in ready state 
and doesn't change the state. Even if the card is locked, CMDt1_can be executed. Returning R1 type 
response means the card starts voltage switch seq e'nce? If the host detects no response, power cycle 
should be executed. ( 
There are four cases that the card indicates no reseonse t~CMD11. 

(1) The card does not support voltage switttC" '\ \...J 
(2) The card supports voltage switch butAp Mo;i1 is received with S18R=0. 
(3) The card receives CMD11 not in ready st te. 
(4) Signaling level is already switched1o1·.8V. 

For all above cases, CMD11 is treated as an illegal command. 
- "',./'\) 

S T ' Index \ CRC7 E 
0 1 0Q1011 0111011 1 

;~~3•~~ I CM011 -~ R1 I -

,r--.. ~ J) Figure 4-9 • Voltage Switch Command 

4.2.4.5 Tunmg Command 
A kndwn_databiock {:,TOning block") can be used to tune sampling point for tuning required hosts. The 
tuning capabil1ty\ cif sampling point is mandatory for HOST-SOR-VD and optional for HOST-SOR-FD. 
This procedure gives the system optimal timing for each specific host and card combination and 
compensate~or tatic delays in the timing budget including process, voltage and different PCB loads 
and skews. 

CMD19 is defined for Send Tuning Block Command. R1 type response is defined. CMD19 can be 
executed in transfer state of 1.8V signaling mode while the card is unlocked. The other case, CMD19 is 
treated as illegal command. Data block, carried by DAT[3:0], contains a pattern for tuning sampling 
position to receive data on the CMD and DAT[3:0] line. The block length of CMD19 is fixed and CMD16 
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is not required. 

The tuning command (CMD19) follows the timing of the single block read command as described in 
Figure 4-10. 

Send Tuning Block Command 

S T Index Reserved CRC7 E 

0 1 010011 all 0 1000110 1 

CMD ~ CMD19 ~f--------~ A __ +------f,,-....__-----",.....-+-

v A\\ 
DAT[3:0] ----------1 Data Block 1-1 --- - ----.,---+-~ 

--14-Sc-k - ~~, ( ~ 
s r Line CRC16 E 
0 xxxx 1 

Figure 4-1 O : Send Tuning Block(tJ?nd 

This sequence is defined as multiple, consecutive ex7cutiRn~ of CMD19 that are sent from the host and 
responded by the card, without any other command mixed bet\','een them. 
The card shall complete a sequence of 40 times CMp 19 executions in no more than 150ms. The tuning 
process is normally shorter than 40 executions 9LCMD19, }na therefore should be shorter than 150ms. 
The sequence period definition does not include any~ sl processing time. If host needs time to 
process CMD19 between executions, the ~ t ~ J'ay be longer by this amount of time. 

FF0FFF00 FFCfC3OC C33CCCFF 
FFDFFFD1/nF~BFFF;B BFFF7FFF 
FFF0FFFq 0FFCCG3~ CC33CCCF 
FFFDFFFD FFFBFFF BBFFF7FF 

\ ,...._ 

FEFFFEEF 
77F7BDEF 
FFEFFFEE 
F77F7BDE 

\ ~~~ : Tuning Block Pattern 

A part of this section is not dS c<be~ 

~ ) . 
4.2.4.6 An Example of UHS-I ystem Block Diagram 
This section~ 11_ b✓ the Simplified Specification. 
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4.3 Data Transfer Mode 
Until the end of Card Identification Mode the host shall remain at f00 frequency because some cards 
may have operating frequency restrictions during the card identification mode. In Data Transfer Mode 
the host may operate the card in fpp frequency range. The host issues SEND_CSD (CMD9) to obtain 
the Card Specific Data (CSD register), e.g. block length, card storage capacity, etc. 
The broadcast command SET _DSR (CMD4) configures the driver stages of all identified cards. It 
programs their DSR registers corresponding to the application bus layout (length) and the number of 
cards on the bus and the data transfer frequency. The clock rate is also switched from f0 0 to fpp at that 
point. SET _DSR command is an option for the card and the host. 
CMD? is used to select one card and put it into the Transfer State. Only one card ca~be in the Transfer 
State at a given time. If a previously selected card is in the Transfer State it( co~nection with the host is 
released and it will move back to the Stand-by State. When CMD?"is issued with the reserved relative 
card address "0x0000", all cards are put back to Stand-by State (Note that if'isi he responsibility of the 
Host to reserve the RCA=0 for card de-selection - refer to Table 4-22

1 
CMD7. 

SD Memory Card State Diagram in UHS-11 is defined by the UH~ Ad~ d~m. 

◊ c:t v 
card identification 

mode 

data transfer 
mode 

t 
CMD3 CMD15 

(;:J > 

from all states in j 
data-trahsWmodQ 

CMD13, CMD55 
1 \J \ 

no state transition I J 
in data-transfer-mode) 

@~ CMD7 

Stand-by State~/)) CMD7 
(stby) '-' 

~ CMD~,9, 10,3 

\ \ 
\ 
CMD20, 28,29,38 

ate dis 

CMD6, 17, 18, 19,30,48,56(r),58 
ACMD13,22,51 

Receive-data 
State (rev) 

CMD12 or 
"transfer end" 

6,23,32,33 
6,42 
23 

Figure 4-13: SD Memory Card State Diagram (data transfer mode) 

This may be used before identifying new cards without resetting other already registered cards. Cards 
which already have an RCA do not respond to identification commands (ACMD41 , CMD2, see Chapter 
4 .2.3) in this state. CMD48, CMD49, CMD58 and CMD59 are also available in UHS-11 mode. 
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Important Note: The card de-selection is done if certain card gets CMD7 with un-matched RCA. That 
happens automatically if selection is done to another card and the CMD lines are common. So, in SD 
Memory Card system it will be the responsibility of the host either to work with common CMD line (after 
initialization is done) - in that case the card de-selection will be done automatically or if the CMD lines 
are separate then the host shall be aware to the necessity to de-select cards. 
All data communication in the Data Transfer Mode is point-to point between the host and the selected 
card (using addressed commands). All addressed commands get acknowledged"by a response on the 

CMD line. j \ \) 

The relationship between the various data transfer modes is summarized ~~ 
• All data read commands can be aborted any time by the stop comma~d (CMD~ 2). The data transfer 

will terminate and the card will return to the Transfer State. The ret3d 'comm1nds are such as block 
read (CMD17), multiple block read (CMD18), send write p'r'otet t 1CMD30), send SCR (ACMD51) 
and general command in read mode (CMD56). (Refer to Figure 4-13 for ~ore details.) 

• All data write commands can be aborted any time by the stop com,[Tland (CMD12). The write 
commands shall be stopped prior to deselecting tt)_e card 15yCMD7. THe write commands are such 
as block write (CMD24 and CMD25), program CSD (C~D27)~ ock/unlock command (CMD42) and 
general command in write mode (CMD56). (Refer to ~igure l4 /1 r for more details.) 

• As soon as the data transfer is completed, the card Will exit tbe data write state and move either to 
the Programming State (transfer is successful) or Transfer State (transfer failed). 

• If a block write operation is stopped and the block lenpth ~ d CRC of the last block are valid, the 
data will be programmed. \ ~ \ J 

• The card may provide buffering for block writ&.-Jhis means that the next block can be sent to the 
card while the previous is being programm

1
ed. ~ 

If all write buffers are full, and as long as t~e· card is in Programming State (see SD Memory Card 
state diagram Figure 4-13 ), the DAT(~)ii:ie wil be kept low (BUSY). 

• There is no buffering option for write CSD, w~ protection and erase. This means that while the 
card is busy servicing any one of hhesfcommands, no other data transfer commands will be 
accepted. DATO line will be kepH o0 as1o'ng as the card is busy and in the Programming State. 
Actually if the CMD and DATOi'iim?s of1he cards are kept separated and the host keep the busy 
DATO line disconnected from the ~ r DATO lines (of the other cards) the host may access the 
other cards while the t ard is in busy.) 

• Parameter set commands are nR!_ a~ ed while card is programming. 
Parameter set commanqs , re: set block length (CMD16), erase block start (CMD32) and erase 
block end (CMD33). \ 

• Read commands are not ~l~wed while card is programming. 
• Moving a,9.otfier card fro~iStand-by to Transfer State (using CMD7) will not terminate erase and 

program;ning operations. THe card will switch to the Disconnect State and will release the DAT line. 
• A card can be res~ected while in the Disconnect State, using CMD7. In this case the card will move 

to the Programming State and reactivate the busy indication. 
• Re~ a card (using CMDO or CMD15) will terminate any pending or active programming 

operation. This m_,,ay destroy the data contents on the card. It is the host's responsibility to prevent 
this.\.... ~ 

• CMD34-37~ MD50 and CMD57 are reserved for SD command system expansion. State transitions 
for thesedmands are defined in each command system specification. 
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4.3.1 Wide Bus Selection/Deselection 

Wide Bus (4 bit bus width) operation mode may be selected/deselected using ACMD6. The default bus 
width after power up or GO_IDLE (CMD0) is 1 bit bus width. 
In order to change the bus width two conditions shall be met: 
a) The card is in 'tran state'. 
b) The card is not locked 

A locked card will responds to ACMD6 as illegal command. 

4.3.2 2 GByte Card <\ I.\ ~ 
To make 2GByte card, the Maximum Block Length (READ_BL_LEN=WRIJ"E_BL_LEN) shall be set to 
1024 bytes. However, the Block Length, set by CMD16, shall be lfP'to1 12 bytes to keep consistency 
with 512 bytes Maximum Block Length cards (Less than and equal 2GByte cards). 

\ '\J 
4.3.3 Data Read (\ n 

The DAT bus line level is high by the pull-up when no da a) is transmitted. A transmitted data block 
consists of start bits (1 or 4 bits LOW), followed by a contin~u~ data stream. The data stream contains 
the payload data (and error correction bits if an off-card ECf i~ usetl). The data stream ends with end 
bits (1 or 4 bits HIGH). The data transmission is syn~hr-onous to the clock signal. The payload for block 
oriented data transfer is protected by 1 or 4 bits CRC chec~ sum (See Chapter 0). 
The Read operation from SD Memory Card may be interrupted by turning the power off. The SD 
Memory Card ensures that data is not desJ oyed durirlg all the conditions except write or erase 
operations issued by the host even in the event of suddeni hut down or removal. 
Read command is rejected if BLOCK_LEN~E ROR or ADDRESS_ERROR occurred and no data 
transfer is performed. ~.;__ ~ 

• Block Read ~ 
Block read is block oriented data r~r. The asic unit of data transfer is a block whose maximum 
size is always 512 bytes. Smalle~ locks yvhose starting and ending address are entirely contained 
within 512 bytes boundary m'ay be tra~ JJ'.)itted. 
Block Length set by CMD1'6 can be set up to 512 bytes regardless of READ_BL_LEN. 
A CRC is appended to the end" of each block ensuring data transfer integrity. CMD17 
(READ_SINGLE_BLOCK) in tiates a block read and after completing the transfer, the card returns to 
the Transfer State. CMD18 (R~ D_MULTIPLE_BLOCK) starts a transfer of several consecutive blocks. 
Blocks will be con inuously tra~sferred until a STOP _TRANSMISSION command (CMD12) is issued. 
The stop commana QaS an execution delay due to the serial command transmission. The data transfer 
stops after the end bit of the stop command. 
When the~st~ ock of\user area is read using CMD18, the host should ignore OUT_OF _RANGE error 
that may occureven the sequence is correct. 
If the /host uses partial blocks whose accumulated length is not block aligned and block misalignment is 
not allo~_ed, tnecard shall detect a block misalignment at the beginning of the first misaligned block, set 
the ADDRESS_~RROR error bit in the status register, abort transmission and wait in the Data State for 
a stop comman il 
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Table 4-4 defines the card behavior when a partial block accesses is enabled. 
If the misaligned block is the first data block of the command (i.e. ADDRESS_ERROR was reported in 
the actual response to the command), then no data is transferred and the card remains in the TRAN 
state. 

CSD value Current Read CMD 
Max block size Misalign Partial 

· 1 
Start Address 

READ BL LEN Blocklen 

512Bytes o (Disable) 1 (Enable) 1- 512 bytes Any addresJ is accepted.·z 
1kBytes o (Disable) 1 (Enable) 1- 512 bytes Any ;add[esS\is accepted. ·z 
2kBytes o (Disable) 1 (Enable) 1- 512 bytes 

( 

An~addre~s is accepted.·L 
*1: "Current Blocklen" size Is set or changed by CMD16. If value Is less than or e~u~I &12 l:>ytes 

(There are no relations with Misalign and Partial option), it is set with"no error. '\ ./ 
*2: When the Blocklen size data range crosses 512 bytes block boundary, card outputs he data until the 512 

bytes block boundary" and then the data becomes invalid and CRe en:or also may occur. The card will 
send "ADDRESS ERROR" on the next command response. Host should issue CMD12 to recover. 

- Table 4-4: Read Command Bloclde 

4.3.4 Data write ' \S(6 i,' 
The data transfer format is similar to the data read fo~t. For block oriented write data transfer, the 
CRC check bits are added _to each data bloc~. The(card ~~arms ~ or 4 bit~ CRC pari_ty chec_k_ (See 
Chapter 4.5) for each received data block prior to ~he wrt operation. By this mechanism, writing of 
erroneously transferred data can be prevented. \ 
Write command is rejected if BLOCK_LEN_~ - or DDRESS_ERROR occurred and no data 
transfer is performed. \ \J 

• Block Write ( 
During block write (CMD24 - 27, 42, 56( ) or:te

1 
or more blocks of data are transferred from the host to 

the card with 1 or 4 bits CRC app7nc3ed to th_e' end of each block by the host. A card supporting block 
write shall be required that Bl~cl<Le~th/set by CMD16 shall be 512 bytes regardless of 
WRITE_BL_LEN is set to 1 k or 2k byt€;,s~ l 
Table 4-5 defines the card b~ avior whewpartial block accesses is disabled (WRITE_BL_PARTIAL = 0). 

CSD value Current Write CMD 
Max block size 

Misalign Partial 
· 1 

Start Address 
WRITE BL LEN Blocklen 

512Bytes,,,-..__ "o (Disabl~) o (Disable) 512 bytes 
.L . ., 

n * 512 bytes (n: Integer) 
1kBy(es o (Disable) o (Disable) 

·z 
512 bytes 

" ;j 

n * 512 bytes (n: Integer) 
2ts.Bytes b (Disable) o (Disable) ·z 

512 bytes 
" ;j 

n * 512 bytes (n: lnteoer) 
•1 , -~ urreai Bl"';kleo" size j is set o, chaoged by CMD16. If value is less tt.aa 512 bytes (the,e a,e "° ,elatioos 

with Misalign andJ>agial option), it is set with no error. And then "Current Blocklen" size is tested when 
write comma d exec tion. 

* . • • • • II II • 2. If the curre~~ Blocklen Is other than this value, the card indicates BLOCK_LEN_ERROR on the Wnte 
command r~sponse. 

*3: If start-add ess is other than this value, the card will send "ADDRESS_ERROR" on the Write command 
respo~e. 

Table 4-5: Write Command Blocklen 

If WRITE_BL_PARTIAL is allowed (=1) then smaller blocks, up to resolution of one byte, can be used 
as well. If the CRC fails, the card shall indicate the failure on the DAT line (see below); the transferred 
data will be discarded and not be written, and all further transmitted blocks (in multiple block write 
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mode) will be ignored. 
Multiple block write command shall be used rather than continuous single write command to make 
faster write operation. 
If the host uses partial blocks whose accumulated length is not block aligned and block misalignment is 
not allowed (CSD parameter WRITE_BLK_MISALIGN is not set), the card shall detect the block 
misalignment error and abort programming before the beginning of the first misaligned block. The card 
shall set the ADDRESS_ERROR error bit in the status register, and whileJi noring all further data 
transfer, wait in the Receive-data-State for a stop command. (' 
Note that the first data block is misaligned for write command (i.e. ADORES _ERROR>is reported in 
the actual response of the write command), the card remains in tran state and no data is programmed. 
The write operation shall also be aborted if the host tries to writy over a write l?rotected area. In this 
case, however, the card shall set the WP_ VIOLATION bit. \ J \ V 
Programming of the CSD register does not require a previous bl~ck lerrgthf etting) The transferred data 
is also CRC protected. If a part of the CSD register is stored in ROM), then this unchangeable part shall 
match the corresponding part of the receive buffer. If this matcli\fails, then the card will report an error 
and not change any register contents. 
Some cards may require long and unpredictable times to write"ablock of data. After receiving a block of 
data and completing the CRC check, the card will begin wr\ting1and hold the DATO line low if its write 
buffer is full and unable to accept new data from a new WRIJE_BLOCK command. The host may poll 
the status of the card with a SEND_STATUS command (CMD1~) at any time, and the card will respond 
with its status. The status bit READY _FOR_DATA indicates ~ether the card can accept new data or 
whether the write process is still in progress). The.fast may deselect the card by issuing CMD7 (to 
select a different card) which will displace the card 1n{o the Disconnect State and release the DAT line 
without interrupting the write operation. When resel~cting the card, it will reactivate busy indication by 
pulling DAT to low if programming is still in p~ s and the write buffer is unavailable. Actually, the 
host may perform simultaneous write operation to\ seve'ral cards with inter-leaving process. The 
interleaving process can be done by accessing each card separately while other cards are in busy. This 
process can be done by proper CMD an~ 0-3 line manipulations (disconnection of busy cards). 

• Pre-erased Setting prior to a Mu~i;;@.,ck Write Operation 
Setting a number of write blocks tl b'epr-e-erase'd (ACMD23) will make a following Multiple Block Write 
operation faster compared to the ~a'me operation without preceding ACMD23. The host will use this 
command to define how ma~y'nlJ.Q'lbefoLwnte blocks are going to be send in the next write operation. If 
the host will terminate the\writ~operation (Using stop transmission) before all the data blocks sent to 
the card the content of the rer11aining write blocks is undefined(can be either erased or still have the old 
data). If the host will send rtlor~ number of write blocks than defined in ACMD23 the card will erase 
block one by one(as new data is received). This number will be reset to the default (=1) value after 
Multiple Blocks'Wrft~peration\ ) 
It is recom1"9ended'using this co"rfimand preceding CMD25, some of the cards will be faster for Multiple 
Write Blocl<s operati~. Note that the host should send ACMD23 just before WRITE command if the 
host want~ o use the P,re-erased feature. If not, pre-erase-count might be cleared automatically when 
anoth( (command~ 7 ecurity Application Commands) are executed. 

• Senil~~~ritten Blocks 
Systems that us~ Pipeline mechanism for data buffers management are, in some cases, unable to 
determine w-nich block was the last to be well written to the flash if an error occurs in the middle of a 
Multiple Blocks-..,Write operation. The card will respond to ACMD22 with the number of well written 
blocks. 

37 



©Copyright 2001-2013 SD Group (Panasonic, SanDisk, Toshiba) and SD Card Association 
Physical Layer Simplified Specification Version 4.10 

4.3.5 Erase 
It is desirable to erase many write blocks simultaneously in order to enhance the data throughput. 
Identification of these write blocks is accomplished with the ERASE_WR_BLK_START (CMD32), 
ERASE_WR_BLK_END (CMD33) commands. 
The host should adhere to the following command sequence: ERASE_WR_BLK_START, 
ERASE_WR_BLK_END and ERASE (CMD38). 
If an erase (CMD38) or address setting (CMD32, 33) command is received ou of sequence, the card 
shall set the ERASE_SEQ_ERROR bit in the status register and reset the who e sequence. 
If an out of sequence command (except SEND_STATUS) is received, the card shall set the 
ERASE_RESET status bit in the status register, reset the erase sequence ana execute the last 
command. I '\ 
If the erase range includes write protected sectors, they shall be left intact and\only the non-protected 
sectors shall be erased. The WP _ERASE_SKIP status bit in the/status'{egister-shall be set. 
The address field in the address setting commands is a write blocR address in byte units. The card will 
ignore all LSB's below the WRITE_BL_LEN (see CSD) size. 
As described above for block write, the card will indicate that an eras~ ir progress by holding DATO 
low. The actual erase time may be quite long, and the host may issue CMD7 to deselect the card or 
perform card disconnection, as described in the Block Write ~ectfoR, above. 
The data at the card after an erase operation is either '0' or '1 ', depends on the card vendor. 
The SCR register bit DATA_STAT_AFTER_ERASE (bit 55) defi~e~whether it is '0' or '1'. 

4.3.6 Write Protect Management (r \\ ' 
Three write protect methods are supported in the-SD Memo~ Card as follows: 
- Mechanical write protect switch (Host respon{ibility"only)J 
- Card internal write protect (Card's responsibi ity) \ 
- Password protection card lock operation. \__j 

• Mechanical Write Protect Switc@ 
A mechanical sliding tablet on t~~ e o~the card (refer to the Part 1 Standard Size SD Card 
Mechanical Addendum) will be used~ tne 'user to indicate that a given card is write protected or not. If 
the sliding tablet is positioned in s\ib aytay that the window is open it means that the card is write 
protected. If the window is closet~ card/is hot write-protected. 
A proper, matched, switch on th/ socket side will indicate to the host that the card is write-protected or 
not. It is the responsibility o the host to protect the card. The position of the write protect switch is YD.: 
known to the internal circuit of the card. 

• Card's Int~ rite PrJ)ction (Optional) 
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4.3. 7 Card Lock/Unlock Operation 

4.3. 7 .1 General 
The password protection feature enables the host to lock a card while providing a password, which later 
will be used for unlocking the card. The password and its size are kept in a 128-bit PWD and 8-bit 
PWD_LEN registers, respectively. These registers are non-volatile so that a po er cycle will not erase 
them. (\ 
Locked cards respond to (and execute) all commands in the "basic" command ~ ss (class 0), 
ACMD41 , CMD16 and "lock card" command class. Thus, the host is allow~ to reset, initialize, select, 
query for status, etc., but not to access data on the card. If the password wa~ exiously set (the value 
of PWD_LEN is not 0), the card will be locked automatically after power on. \ \.. 
Similar to the existing CSD register write commands, the lock/unlock con\ma~d) is available in "transfer 
state" only. This means that it does not include an address argument a d the card shall be selected 
before using it. V 
The card lock/unlock command has the structure and bus tra~action tyl'?e of a regular single block 
write command. The transferred data block includes all the- required) nformation of the command 
(password setting mode, PWD itself, card lock/unlock etc. ). / -a,ble 4-6 describes the structure of the 
command data block. Note that the host compliant to the Physical Specification Version 2.00 or later 
shall set reserved bits (Bit7-4) to O when issuing CMD42. ( (J j 

Byte# Bit 7 I Bit 6 I Bit 5 I Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

o Reserved \ ERA5 E LOCK_ CLR_ SET_ 
(shall be set to 0) UNLOCK PWD PWD 

1 ( ( P\WBS_LEN 

2 

~ )al sword data ... 

PWDS_LEN + 1 
- ) , I 

Tabl 4-J: Lock Oard Data Structure 

• ERASE: 1 Defines~ orced Er~ ~ on. In byte 0, bit 3 will be set to 1 (all other bits shall be 
0). All other bytes of this co_mmand will be ignored by the card. 

• LOCK/UNLOCK: 1 f Lock~ th'e-card. 0 = Unlock the card (note that it is valid to set this bit 
together with SET _P~D bUfit-Js not allowed to set it together with CLR_PW D). 

• CLR_PWD: 1 = Clear;:)/ '-WD. 
• SET _P)Yfhl = Set ne'«_ Pf!SSWOrd to PWD 
• PWDS_LEN: ""Defines ~ e following password(s) length (in bytes). In case of a password 

change, this field includes the total password lengths of old and new passwords. 
The password length is up to 16 bytes. In case of a password change, the total length of the old 

(

pass_roi:d and ttie new password can be up to 32 bytes. 
• Passwo~d~~a: In case of setting a new password, it contains the new password. In case of a 

p~wor~~ge, it contains the old password followed by the new password. 

The data block ize shall be defined by the host before it sends the card lock/unlock command. The 
block length shall be set to greater than or equal to the required data structure of the lock/unlock 
command. In the'following explanation, changing block size by CMD16 is not a mandatory requirement 
for the lock/unlock command. 
Since block length shall always be even in DDR50 mode, the block length for CMD42 shall always be 
rounded up to an even size. If CMD16 is used prior to CMD42 to set the block length, it shall always 
specify an even length. 
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The following paragraphs define the various lock/unlock command sequences: 

• Setting the Password 
• Select a card (CMD7), if not previously selected. 
• Define the block length (CMD16), given by the 8-bit card lock/unlock mode, the 8-bits password 

size (in bytes), and the number of bytes of the new password. In thef?ase that a password 
replacement is done, then the block size shall consider that both passwo.rds-the~ld and the new 
one-are sent with the command. < \ _) 

• Send the Card Lock/Unlock command with the appropriate data,.(block s~ze on the data line 
including the 16-bit CRC. The data block shall indicate the mode (SET_PWD), the length 
(PWDS_LEN) and the password itself. In the case that a passwora rep(acement is done, then 
the length value (PWDS_LEN) shall include both passwords (~ e old~d the new one) and the 
password data field shall include the old password ( currently used) followed by the new pass­
word. Note that the card shall handle the calculation of the new password length internally by 
subtracting the old password length from PWDS_LEN fiel6. ~ 

• In the case that the sent old password is not correct (no),_equaUri'l size and content), then the 
LOCK_UNLOCK_FAILED error bit will be set ih the st~tus registet and the old password does 
not change. In the case that the sent old password 1s cor~ect (equal in size and content), then 
the given new password and its size will be saved ~n the PWD and PWD_LEN registers, 
respectively. ~ 

Note that the password length register (PWD_LEN) indicates if a password is currently set. When it 
equals 0, there is no password set. If the value of PV¥ID_LEN is not equal to zero, the card will lock itself 
after power up. It is possible to lock the card immeclia ely in the current power session by setting the 
LOCK/UNLOCK bit (while setting the password or sending an additional command for card lock. 

• Reset the Password: 0 \ \J ~--=,, 

• Select a card (CMD7), if not previou~ selected. 
• Define the block length (CMD16) g1venl by the 8-bit card lock/unlock mode, the 8-bit password 

size (in bytes), and the numberof oyte_s/of, the currently used password. 
• Send the card lock/unloc ~mand J th the appropriate data block size on the data line 

including the 16-bit'-CRC. The data block shall indicate the mode CLR_PWD, the length 
(PWDS_LEN), and the pass~ oi:d itself. If the PWD and PWD_LEN content match the sent 
password and its size then the content of the PWD register is cleared and PWD_LEN is set to 
0. If the password is~ ot correct, then the LOCK_UNLOCK_FAILED error bit will be set in the 
status register. 

• Locking ~h~ 
• Select a card (CMD7), if not previously selected. 
• efine ~e block length (CMD16), given by the 8-bit card lock/unlock mode, the 8-bit password 

size (in l:>yte~, aha the number of bytes of the currently used password. 
• Se~lcie eard lock/unlock command with the appropriate data block size on the data line 

including::-. the 16-bit CRC. The data block shall indicate the mode LOCK, the length 
(PWDS_llEN) and the password itself. 

If the PWD c.QJ)tent is equal to the sent password, then the card will be locked and the card-locked 
status bit will be set in the status register. If the password is not correct, then the 
LOCK_UNLOCK_FAILED error bit will be set in the status register. 
Note that it is possible to set the password and to lock the card in the same sequence. In such a case, 
the host shall perform all the required steps for setting the password (as described above) including the 
bit LOCK set while the new password command is sent. 
If the password was previously set (PWD_LEN is not 0), then the card will be locked automatically after 
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power on reset. 
An attempt to lock a locked card or to lock a card that does not have a password will fail and the 
LOCK_UNLOCK_FAILED error bit will be set in the status register, unless it was done during a 
password definition or change operations. 

Unlocking the Card: ~ 

• Select a card (CMD7), if not previously selected. ! (' . 
• Define the block length (CMD16), given by the 8-bit card lock/unlock mode, the 8-bit password 

size (in bytes), and the number of bytes of the currently used password. 
• Send the card lock/unlock command with the appropriat:\ data block size on the data line 

including the 16-bit CRC. The data block shall indicate the l mod UNLOCK, the length 
(PWDS_LEN) and the password itself. (\ \ 

If the PWD content is equal to the sent password, then the cara wil~ be unlocked and the card-locked 
status bit will be cleared in the status register. If the password is not correct, then the 
LOCK_UNLOCK_FAILED error bit will be set in the status registei:; 
Note that unlocking is done only for the current power sessio -:-As long, a~ the PWD is not cleared, the 
card will be locked automatically on the next power up. The oi l w~y to unlock the card is by clearing 
the password. /'\ '\ 
An attempt to unlock an unlocked card will fail and LOCK_l:J_N OSJ<tfAILED error bit will be set in the 
status register, unless it was done during a password definition br change operation. 

4.3.7.2 Parameter and the Result of CMD42 ( \ )J 
The block length shall be greater than or equal to-t~ requirecj data structure of CMD42; otherwise, the 
result of CMD42 is undefined and the card may be m the...unexpected locked state. Table 4-7 clarifies 
the behavior of CMD42. The reserved bits in t~e parameter (bit7-4) of CMD42 shall be don't care. In the 
case that CMD42 requires the passwor~ _...-it, i? \as~ed that the old password and the new password 
are set correctly; otherwise the card indicates an error regardless of Table 4-7. If the password length is 
0 or greater than 128 bits, the card indibat~ an error. If errors occur during execution of CMD42, the 
LOCK_UNLOCK_FAILED (Bit24 of/6ard--Statu;5) shall be set to 1 regardless of Table 4-7. The 
CARD_IS_LOCKED (Bit25 of Card St~us)~ tlie response of CMD42 shall be the same as Current 
Card State in Table 4-7. In the field\._of Ca[d\Status, Oto 1 means the card changes to Locked and 1 to 0 
means the card changes to Unlocked ~fter execution of <?MD42. It can be seen in the response of 
CMD13 after the CMD42. 'ft\_e LOCK_UNLOCK_FAILED (B1t24 of Card Status) as the result of CMD42 
can be seen in the respon~ ther CMD42 or the following CMD13. 
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CMD42 Parameter in the data 
Bit3: ERASE 
Bit2: LOCK UNLOCK 
Bit1: CLR PWD 
BitO: SET =PWD 

Related bits in the Card Status 
Bit25: CARD_IS_LOCKED 
Bit24: LOCK_UNLOCK_FAILED 

0. 

CMD42 Parameter Current PWD_LEN Result of the Function \\'v \ Card Status 

Bit3 Bit2 Bit1 BitO Card State and PWD 
lltit25 Bit24 V \ \ 

After Power On Exist The card is locked 

Av~~ 
1 0 

Cleared The card is unlocked 
\. 

0 0 

1 0 0 0 Locked Exist Force Erase (Refer to Table 4-8~ \) Table 4-8 

1 0 0 0 Unlocked Exist Err~ 0>;_ 0 1 

1 0 0 0 Unlocked Cleared Error ( fJ I\ 0 1 

0 1 0 0 Locked Exist Error 
~ ' 

1 1 

0 1 0 0 Unlocked Exist Lock the carr? 0 to 1 0 

0 1 0 0 Unlocked Cleared Error \ 0 1 

0 1 0 1 Locked Exist Replace pass~~nd the card is still locked 1 0 

0 1 0 1 Unlocked Exist Replace passwo d and the card is locked 0 to 1 0 

0 1 0 1 Unlocked Cleared s~lswo~ ard lock the card 0 to 1 0 

0 0 1 0 Locked Exist p 1e~D::LEN and PWD and the card is unlocked 1 to 0 0 

0 0 1 0 Unlocked Exist ce .~,PWD LEN and PWD 0 0 

0 0 1 0 Unlocked Cleare?~ Error (Jote -:4 Refer to Table 4-10) 0 1 

0 0 0 1 Locked Exist ~ Rei:>.lace password and the card is unlocked 1 to 0 0 

0 0 0 1 Unlocked ~ Replace password and the card is unlocked 0 0 

0 0 0 1 Unlocked C~eared Set password and the card is still unlocked 0 0 

0 0 0 0 Locked Exist Unlock the card 1 to 0 0 

0 0 0 0 U~ ked Exis\ Error 0 1 

c 1l ~ d 0 0 0 9 Unlocked Error 0 1 

Other combinatiorzs Don't'carf Don't care Error (Note *1 Refer to Table 4-10) 0 or 1 1 

,1. . . 
( ~~) Lock Unlock Function (Basic Sequence for CMD42) 

Application Note) ) 
To replace password , the host should consider following cases. When PWD_LEN and password 
data exist, the card assumes old and new passwords are set in the data structure. When PWD_LEN 
and PWD are cleared, the card assumes only new password is set in the data structure. In this case, 
the host shall not set old password in the data structure; otherwise, unexpected password is set. 
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4.3.7.3 Forcing Erase 
In the case that the user forgot the password (the PWD content) it is possible to erase all the card data 
content along with the PWD content. This operation is called Forced Erase. 

• Select a card (CMD7), if not previously selected already. 
• Define the block length (CMD16) to 1 byte (8-bit card lock/unlock command). Send the card 

lock/unlock command with the appropriate data block of one byte on th~~at~ line including the 
16 bit CRC. The data block shall indicate the mode ERASE (the ERASEJ ~it shall be the only bit 
set). 

If the ERASE bit is not the only bit set in the data field, the LOCK UNLOCK FAILED error bit will be set 
in the status register and the erase request is rejected. If the command Ca~~c~ ted, then ALL THE 
CARD CONTENT WILL BE ERASED including the PWD and PWD_ILEN registeJ content and the 
locked card will be unlocked. An attempt to force erase on a 1unlock'ed card will fail and 
LOCK_UNLOCK_FAILED error bit will be set in the status registe'\ ~'-.. 

/ ! 
4.3.7.3.1 Force Erase Function to the Locked Card ~ 
Table 4-8 clarifies the relation between force erase and WriteProtection. The force erase does not 
erase the secure area. The card shall keep its locked state(during the erase execution and change to 
the unlocked state after the erase of all user area is com~eted~Ai"1ilarly, the card shall keep Temporary 
and Group Write Protection during the erase execution and cle

1
ar,JiVrite Protection after the erase of all 

user area is completed. In the case of an erase erro occ'urs, the card can continue force erase if the 
data of error sectors are destroyed. (" f 

Write Protections \ 
PWP: Permanent Write

1
Proie'ct (CSE) Bit13) 

TWP: Temporary WritF Protect (CSB Bit12) 
GWP: Group Write Proteti (CMD28, CMD29, CMD30) 

/') '\_) 

r,;), 
CMD42 Parameter PWP TWP ~,~ Result of the Function Card Status 

Bit3 Bit2 Bit1 BitO GWP Bit25 Bit24 

1 o o o Yes don't Error (Note *2 Refer to Table 4-10) 1 1 
care 

1 o o o No Yes \) Execute force erase and clear Temporary Write 1 too o 

~ ~ 
Protect and Group Write Protect. (Note *3 Refer to 
Table 4-10) 

1 o o o No\ No Execute force erase. 1 too o 

\ J 
T. ~ -8. Forc~rase Function to the Locked Card (Relation to the Wnte Protects) 

V 
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4.3.7.4 Relation Between ACMD6 and Lock/Unlock State 
ACMD6 is rejected when the card is locked and bus width can be changed only when the card is 
unlocked. Table 4-9 shows the relation between ACMD6 and the Lock/Unlock state. 

Card State Bus Mode Result of the Function 

Unlocked 1-bit mode ACMD6 is accepted ~ 
Locked 1-bit mode ACMD6 is rejected and still in 1-bit mode 

r,q "" Unlocked 4-bit mode ACMD6 is accepted " ' " " ,,,......__ 

Locked 4-bit mode ACMD6 is rejected and still in 4-bit mode,. CMO0 change to 1-bit mode 
l 

Table 4-9. Relation between ACMD6 and the "'LockLU~ ck ~tate 

Application Note: V \. 
After power on (in 1-bit mode), if the card is locked, the SD mo~e host shal~issue CMD42 in 1-bit 
mode. If the card is locked in 4-bit mode, the SD mode host shall issue CMD42 in 4-bit mode. 

4.3.7.5 Commands Accepted for Locked Card 'y ,._ ~ 0 
The locked card shall accept commands list~ed--.....be ow,. and return response with setting 
CARD IS LOCKED. ~ "\ 

-- V 

1) Basic class (0) 
2) Lock card class (7) ~ 
3) CMD16 
4) ACMD41 
5) ACMD42 

All other commands including security_co mafi'ds are treated as illegal commands. 
Note: CMD11 (Class 0) and CMDf01(Clas 1'7-) are new commands accepted in the locked card state. 
CMD40 is reserved for Security Sp'~ i~ o.\° 

Application Note: I'-"' 
After power on, the host Cfin 5ecognize the card lock/unlock state by the CARD_IS_LOCKED in 
the response of CMD7 or Clylu1,3. 
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4.3.7.6 Two Types of Lock/Unlock Card 
There are two types of lock/unlock function-supported cards. The Type 1 is the earlier version of SD 
Memory Card and the Type 2 is defined in the Physical Layer Specification Version 1.10 and higher. 
Table 4-10 shows the difference between these types of cards. The SD memory cards that support 
Lock/Unlock and comply with Version 1.01, can take either Type 1 or Type 2. The SD Memory Cards 

' 
that support Lock/Unlock and comply with Version 1 10 and higher shall take Tyr-2 

\ 
Notes Type 1 Card (Earlier Version) Type 2 Card (New Version) 

*1 in Table 4-7 Treat CMD42 Parameter=0011 bas 0001b. All results ,,e_Error 
Treat CMD42 Parameter=0111b as 0101b. 
Treat CMD42 Parameter=0110b as 0010b. \). r ~ \ v 
Results of other combinations are Error. I\ \ 

*2 in Table 4-8 Execute force erase and set Permanent The result is Er~~ 
Write Protect. If force erase is completed, the A p riority ~ given to Permanent Write 
CARD_IS_LOCKED is changed from 1 to 0. Prote'ct from force erase. 
A priority is given to force erase from ~ )~ 
Permanent Write Protect. 

*3 in Table 4-8 Execute force erase but Temporary Write ) Exet ute force erase and clear 
Protect and Group Write Protect are not (ferry o?ary Write Protect and Group 
cleared. It should be cleared by the host. Write Protect. 

*4 in Table 4-7 CMD42 Parameter-001 O and _(oCMD42 The result is Error. Card status Bit24 
Parameter=0110 The result is no er or. Card, will be 1 
status Bit24 will be O \ ) 

Table 4-10: Version Differ r ce of L3 k/Unlock Functions 

Application Note: j ) 
The host can use both types of cards~ ·thout cnecking the difference by taking account of the 
following points. ~ 

(1) The host should not set the pa~a e~ of CMD42 that return an error listed in Table 4-7. 
(For *1) / r <..__~ 

(2) The host should not issue a,forceerase command if the Permanent Write Protect is set to 1, 
otherwise the Type 1 card can no'l'onger be used even if the user remembers the password. 
(For*2) \ \ "'- rJ 

(3) After the force erase\',f tfle Ten:iporary Write Protect is not cleared, the host should clear it. 
(For *3) ) 

4.3.8 Content'Protection \) 
This sectior('s;a b~ ~ln the Simplified Specification. 

\) 
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4.3.9 Application-Specific Commands 

4.3.9.1 Application-Specific Command - APP_ CMD (CMD55) 
This command, when received by the card, causes the card to interpret the following command as an 
application-specific command, ACMD. The ACMD provides command extension, has the same 
structure as that of regular commands and it may have the same CMD number. he card recognizes it 
as ACMD by the fact that it appears after APP _CMD. (' 
When an ACMD is not defined, the card treats it as regular command. If, as an example, a card has a 
definition for ACMD13 but not for ACMD7, then, command 13 after APP CMD is interpreted as the 
non-regular CMD13 but command 7 after APP _CMD is interpreted as ttteregular CMD7. In order to 
use one of the ACMD's, the host should be: I 

(1) When sending APP _CMD, the response has the APP _CMD bit Se signaling to the host that 
ACMD is now expected. ~ /\ \. \ 

(2) ACMD55 does not exist. If multiple CMD55 are issued) continbously, APP _CMD bit in each 
response is set to 1 . The command issued immediately afte~~ he last CMD55 shall be interpreted 
as ACMD. When more than one command (except CMD55) is iss& d directly after CMD55, the 
first command is interpreted as ACMD and the following ctl.(Tlmands are interpreted as regular 
commands ') \)[ /\ '\_ 

(3) If a defined ACMD is send and it is legal, the resp0nse ti;as the APP _CMD bit set, indicating that 
the accepted command is interpreted asACMD. \ 

(4) If an undefined ACMD is sent and it is lega(tfre response has the APP _CMD bit cleared, 
indicating that the accepted command is interpfeted as\nov,,al CMD. 

(5) If a defined or undefined ACMD is sent and it 1s illegal,1then it is handled as an illegal command. 
Illegal Command Error is indicated in thel 'e5"<t R1!!:61esponse and host should ignore APP _CMD 
status in the response. Next command is handled as normal command. 

Host shall not use undefined ACMDs as re-gala\ ~ rn1 ands even if the specification defines it. 
The following ACMD numbers are reserred for""\he-SD Memory Card proprietary applications and shall 
not be used by any SD Memory Card manufacturer: 
ACMD6, ACMD13, ACMD17-26, ACMD38=4VUMD51. 

In above explanation, commands~~~ detailed command description section are "defined" 
commands but not defined in'the s~ tion are "Undefined" commands (Section 4.7.4 or Section 7.3.1.3 
depends on bus mode). "L'egal" means tbat a defined or undefined command is accepted at the current 
state and "Illegal" means ths\,,definetl or undefined command is not accepted at the current state. 

Exception in ACMD41 \ 
• !he res13-onse"ot_ACMD4_\ does not have APP_CMD status. Sending the response of CMD41 in 

idle state 91ea s the card 1s\accepted as legal ACMD41. 
• As APP_ GMO status is defined as "clear by read", APP_ CMD status, which is set by ACMD41, 

may~be in~icated ilil the response of next CMD11 or CMD3. However, as ACMD11 and ACMD3 are 
npt defir,,ea, it is not necessary to set APP_ CMD status. 

• \~nore APP _CMD status in the response of CMD11 and CMD3. 

4.3.9.2 General Command - GEN_CMD (CMD56) 
This sectimfls..a blank in the Simplified Specification. 
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4.3.1 o Switch Function Command 

4.3.10.1 General 
Switch function command (CMOS) is used to switch or expand memory card functions. Currently four 
function groups are defined: 

(1) Access Mode: 
Selection of SD bus interface speed modes. ~ 

(2) Command System: ! r . 
A specific function can be extended and controlled by a set of shared coq,mands. 

(3) Driver Strength /~ '\ 
Selection of suitable output driver strength in UHS-I modes dependS10n{Jost e vironment. 

(4) Power Limit /\. 
1
1 1 Selection to limit the maximum power depends on host power supply capability and heat release 

capability. Current Limit is re-defined as Power Limit to iccount for the two power supply 
voltages on UHS II cards. ~ 

This was introduced in the Physical Layer Specification ~ ion 1.1 ~ Therefore, cards that are 
compatible with earlier versions of the spec do not sGpport (~t/yhe host should check the "SD_SPEC" 
field in the SCR register to identify what version of the sp,ec fhe/c.fr~ complies with before using CMOS. 
It is also possible to check support of CMOS by bit10 of CCC in\ CSD l'-lt is mandatory for an SD memory 
card of Version 1.1 0 and higher to support CMOS. 

CMOS is valid under the "Transfer State". Once se e~d{ via the switch command, all functions only 
return to the default function after a power cycle CMOS · {fl;1ode 1 operation with Function 0 in each 
function group) or CMD0. Executing a powerklt~p le or issuiag CMD0 will cause the card to reset to the 
"idle" state and all the functions to switch bac:_\ <i\ th~default function. 

As a response to CMOS, the SD Memor/c.ird ~ end R1 response on the CMD line and 512 bits of 
status on the DAT lines. From the SD b~sj:ransact1on point of view, this is a standard single block read 
transaction and the time out value gf-thi~ comryiand is 100 ms, the same as in read command. If CRC 
error occurs on the status data, the(hosf sho0ld iJsue a power cycle. 
CMOS function switching ?eriod is ~ itbin 8'clocks after the end bit of status data. When CMOS changes 
the bus behavior (i.e. access mode-),-1h'e'host is allowed to use the new functions (increase/decrease 
CLK frequency beyond the~ u((_ent max CLk frequency), at least 8 clocks after at the end of the switch 
command transaction (see t:-i~ 4-14 . 

In response to CMD0, the 1 ~tehing period is within 8 clocks after the end bit of CMD0. When CMOS 
has changed the-b~ behavior, (i.e. access mode) the host is allowed to start the initialization process, 
at least 8 clocks after at the CMD0. 

" 
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Check function I (Mode=O) 

CMD 

DAT Card internal I 
execution 

Status Data I 

_s_w_i_tc_h_f_u_n_ct_io_n_l (Mode=1) 

CMD 

DAT 

CMD6 I~ ,..__ __ _,~ 

Card internal I 
execution sraru, o,ral ~ () A ~ 

6 
> · 

_C_u_rr_e_n_t_fu_n_c-tio_n_l ■ ,...I ~witched function I 
................................ : ■ • ••• •• • ~ • ••••••••••••••••••• ► 

Figure 4-14: U~ wile! Command 

CMD6 supports six function groups, an/~~~~tion group supports sixteen branches (functions). 
Only one function can be chosen and 1active in_ a given function group. Function O in each function 
group is the default function (compatible wjte''c. 1 .01 ). 

CMD6 can be used in two modes: ( ~ 
• Mode O (Check function) is usedl_9 query if the card supports a specific function or functions. 
• Mode 1 (set function) is used to switch the functionality of the card. 
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4.3.10.2 Mode O Operation - Check Function 
CMD6 mode O is used to query which functions the card supports, and to identify the maximum 
currenUpower consumption of the card under the selected functions. 
Refer to Table 4-31 : Switch function commands (class 10) for the argument definition of CMD6. 

A query is done by setting the argument field of the command, as follows: /'\. 
• Set the Mode bit to O ( (' . 
• Select only one function in each function group. Selection of default func ion ~ done by setting 

the function to OxO. Select a specific function by using appropriate values from Table 4-11. 
Selecting OxF will keep the current function that has been se.lected f~ fun~on group. 

• When the function in query is ready, the card returns the inquired function number, if busy, the 
card returns the current function number (See Table 4-15). \ l 

In response to a query, the switch function will return the followi~ s atus s (see Table 4-13): 
• The functions that are supported by each of the function groups 
• The function that the card w ill switch to in each of the function gro(Jps. This value is identical to 

the provided argument if the host made a valid selection or OxF if the selected function was 
invalid. ) I 

• Maximum currenUpower consumption under the"'se ~ ted functions. If one of the selected 
functions was wrong, the return value w ill be °Q \ ) 

4.3.10.3 Mode 1 Operation - Set Function \ \ (\'\) 
CMD6 mode 1 is used to switch the functionality--of the,e) 

Switching to a new functionality is done by: ( \\ \ 
• Setting the Mode bit to 1 ~ \J ) 
• Selecting only one function in e~ch function group. Selection of default function is done by set­

ting the function to OxO. It is recom~ended to specify OxF (no influence) for all selected 
functions, except for functi9ns---that -0~¢d) to be changed. Selecting OxF will keep the current 
function for the function gropp~ <J 

• When a function fannot be~witched because it is busy, the card returns the current function 
number (not returns OxF-}, the ot®r functions in the other groups may still be switched. 

In response to a set function the switch function will return the following 3 statuses: 
• The functions that ar~~upported by each of the function groups 
• The function that is th~'{~sult of the switch command. In case of invalid selection of one function 

or more-;aii'set values are ignored and no change will be done (identical to the case where the 
hos~el cts OxF for all f~nctions groups). The response to an invalid selection of function will be 
OxF 

• Ma~ mu~ currenUpower consumption under the selected functions. If one of the selected 
functions was wrong, the return value w ill be 0. 

VJ 
V 
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Arg. Slice [23:20] [19:16] [15:12] [11 :8] [7:4] [3:0] 

Group No. 6 5 4 3 2 1 

Function name reserved reserved Power Driver Command Access 
Limit3 Strength system mode·1 

OxO Defaulf2 Defaulf2 Defaulf2 Default;--- Defaulf2 
0.72W Type B / SDR12 

0x1 Reserved Reserved 1.44W Type A For eC \ High-Speed 
,,...-._ '\ / SDR25 

0x2 Reserved Reserved 2.16W Type ~ Reserved SDR50 

0x3 Reserved Reserved 2.88W Type D I OTP\ SDR104 
0x4 Reserved Reserved 1.80W Reserve~ ~ sso' DORSO 

0x5 Reserved Reserved Reserved Reserv~d Reserved Reserved 

0x6 Reserved Reserved Reserved Reserved "-Reserved Reserved 

0x7 Reserved Reserved Reserved Res~rved Reserved Reserved 

0x8 Reserved Reserved Reserved Re~erved Reserved Reserved 

0x9 Reserved Reserved Reserved Reserved Reserved Reserved 

OxA Reserved Reserved Reserved Reserved Reserved Reserved 

OxB Reserved Reserved Reserved Reserved Reserved Reserved 

0xC Reserved Reserved Reserved Reserved (eSD) Reserved 

OxD Reserved Reserved Reserved Reserved Reserved Reserved 

0xE Reserved Reserved Reserved Reserved Vendor Reserved 
specific 

0xF \ '-" /\' No influence 

/VJ 
Note1 : Bus Speed Mode Is aha~ Access Mode. 
Note2: "Default" of FunctiO~~ans✓that a function of just after the card initialized. 
Note3: Notes for Power,f imi rJ' 

(1 ) Function 2 and 3 ma~ be us only for embedded devices. 
(2) Allowed power con\umption for removable cards shall be up to 1.80W, even though the Power 

Limit is set to 2.1sw,or(2.88W. 
~ Tabl& 4-11: Available Functions of CMD6 

Function Group 1 is efined aYsus Speed Mode switch. If the card is initialized in 3.3V signal level, 
Default Speed and High\ Speed are assigned to function 0 and 1. Then support bits of function 2 to 4 
(SDR50-;-SDR104 and DDR50) are set to 0. If the card is initialized in 1.8V signal level, SOR and DOR 
mode are assigned frohl function 0 to function 4. 

Functiok ~ i;;;efined for Command System extension. CMD34-37, CMD50 and CMD57 are 
reserved for S~f ommand system. OTP and ASSD are added. Refer to Part A1 Advanced Security 
Extension (M~), Part 1 OTP Addendum and Part A3 ASSD Core Specification for more detail. 

Function Group 3 is defined as driver strength selection for UHS-I modes. This switch is effective in 
1.8V signaling mode. 

Function Group 4 is defined as Power Limit sw itch for total card power consumable. This field is set 
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according to host power supply capability. 
For SDIO Combo Cards, refer to SDIO specification to set the total card power consumable. 

The Power Limit is defined in accordance with the Mechanical Addenda that define thermal 
requirements as a function of total card power consumption. 

This Function Group is used for any bus mode including UHS-I and UHq-ll~ des. The default 
value of the Power Limit is 0.72W (minimum setting). In Legacy SD and Ub!Syl carEJs that have only 
VDD1 and not VDD2, this translates to 200mA at 3.6V. '- \ 
In UHS-I mode, after selecting one of SDRS0, SDR104 or DORSO mode by F-unction Group 1, host 
needs to change the Power Limit to enable the card to oper~te in 1'gher pelf6rmance. In UHS-11 
mode, the host needs to change the Power Limit after finishing initialization to\enable the card to 
operate in higher performance. Total card power is the su " of VDD1 and VDD2 power 
consumption. 0v 
In the other cases which may consume power by some funl tion operations, such functions should 
have a function enable method (it will be defined in eacl1 functioh) specification). After setting 
Power Limit, functions should be enabled by thel\tunc\ior. ~nitialization. In case a function is not 
provided with enough power, it will fail initialization and\ t?e tunction is disabled by the card. If a 
function does not have a function enable method, the functIf n ~hall work in 0.72W. 
Power restriction described in Table 3-6, Table 3-9.~ , 

/ ,,...._, 
Function 0-F F0 F1 F2 F3 \F4 F5-FE FF 
Non UHS Mode 1 X X )L__ X ) 0 ..... 0 1 
UHS Mode 1 1 1 / 1 1 )) ..... a 1 

Note 1: Same values are assigned to \al~'s· either 0 or 1. 
Note 2: For Card compliant to V~ .0x, II x) are equal to a in Non UHS Mode and 

the support bit for F4 is et to 0 in HS Mode. 

For example, in UHS-I card, when the ma~ power of a card is 1.08W (300mA at 3.6V on VDD1 ), 
the card operates at up to 0.72W (2~0~A at 3.6V on VDD1) when the Current Limit is set to 0.72W and 
up to 1 08W when PowerJ _imit is sbH o 1A4W 1 80W (and when Function 3 is selected) 

~ \ ' 

Function Group 4 Max. Allowed Power Max. Current of Max. Current of 
Power Limit (VDD1 and VDD2) VDD1 VDD2 
Function 0 0.72W 200mA 200mA 
Function 1 \ \ 1.44W 400mA 200mA 
F tfncacm, 2 \\ 2.16W 600mA Note 6 
Function 3 V. 2.88W 800mA Note 6 
Function 4 1.80W 400mA 200mA 

Note 1. Max. Allowed Power Is defined as total of VDD1 and VDD2 power per card at the maximum 

0,,rv voltage: 3.6V for VDD1 and 1.95V for VDD2. 
Note 2: UHS-I\Card is up to 1.44W even if one of Function 2, 3 or 4 is selected. 1.80W is defined for 
\__ .....------UHS-11 mode. 
Note-3:Fbnbtidh 2 and 3 cannot be used in UHS-11 mode. 
Not~ UfiS Host should support power supply capability of 400mA for VDD1 and 200mA for VDD2. 

"-... VDD1 only Host should set to Function O or 1. 
Note 5: Host needs to support VDD2 to use UHS-11 or NFC supported cards. 
Note 6: Max. Current of VDD2 for embedded device will be provided by device vendor. 

Table 4-12 : Power Limit and Current Limit of VDD1 and VDD2 
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Application Notes: 
Default setting is 0.72W. In this mode, UHS-I and UHS-11 card may not provide the maximum 
performance. The Speed Grade performance is defined at 1.44W mode. The maximum 
performance of the card is available when setting of this field covers the maximum current (power) 
of the card that can be read by CMD6 mode 0. 
Host determines setting of this field by the host power supply capability to the card, heat release 
capability of host and the maximum current of a connector. Refer to the Mectianical Addenda for 
more details. ! I\ 

The followings are requirements in UHS-11 mode, 
(1) Function Group 1 and 3 are not used. 
(2) Support of Function Group 2 is optional. 
(3) Support of Function Group 4 is mandatory. 
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4.3.10.4 Switch Function Status 
The switch function status is the returned data block that contains function and current consumption 
information. The block length is predefined to 512 bits and the use of SET_BLK_LEN command is not 
necessary. Table 4-13 describes the status data structure. 

The status bits of the response contain the information of the function grou~ Maximum current 
consumption will be used only for the new function added through this ccfm~and. In this case, 
VDD_R_CURR_MIN, VDD_W_CURR_MIN, VDD_R_CURR_MAX and VDD_1 ~CURR_MAX values in 
the CSD register provides the current consumption when all card functions are set to"the default state 
and can be used by spec 1.01 compatible hosts. \ /~ 

< ( ~ 
Bits Description 

y 

A \\ ) Width 
511 :496 Maximum Current/Power Consumption 

1

'd)hi \~ __). 
This field indicates total current/power consumption of e car~ including 
enabled functions selected by the Function Selection ([399:376) bits) dependent 
on selected Bus Speed Mode. ~ .I)"-
The host should check the maximum current consumption by mode O operation 
and verify that it can supply the necessary cOrrerltd>t wer before executing 
mode 1 operation. ( ~ 
Especially in UHS-1 or UHS-11 mode, this field is relatei to Current Limit / Power 
Limit setting. CMD6 mode O indicates thfmBXimum current/power of a selected 
bus speed mode regardless of the setting of Curr~nt L imit / Power Limit. CMD6 
mode 1 indicates the maximum current/power df a selected bus speed mode 
depending on the setting of Curre\ Omil 0 
Definition for SD 1/F Mode \\ \ 

Value Maximum Cur,ren1(Power-) Consumption at 3.6V 
o Error ( ~ 
1 1mA(3.6mW) /'i' 2 2mA(7.2mW) ;-J} 
3 3mA (10.8mW) '-..././ 

...... ..... , \./ ' 16 
65,535 65,535q,A (23'5926mW) 

The voltage to calculate current consumption is defined at 3.6V. 
Maximum curre~t consumption is average over 1second. 

De~ for UHS-~ ~ ode 
For UHS-11 Card, this field is defined as Maximum Power Consumption. Total 
maximum power consumption of V001 and V002 is indicated. The definition of 

~ 
Power Consumption in this field is equivalent to Current Consumption at 3.6V. 

I . . . . . . . 
Refer t~ Cdwent L1m1t / Power L1m1t m Section 4.3.10.3 about the relation 
between J wer and current of VDD1 and VDD2. 

~ \ 
Value Maximum Power Consumption 

-0 Error 
1 3.6mW (= 1mAx 3.6V) 
2 7.2mW (= 2mAx 3.6V) 
3 10.8mW (= 3mA x 3.6V) 
...... ...... 
65,535 235926mW 
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Bits Description Width 
495:480 !Support Bits of Functions in Function Group 6 

Each bit corresponds to a function. Function 15 and Oare always enabled. 16 
If a bit 480+i is set, function i is supported (i = Function 15 to 0) 

479:464 Support Bits of Functions in Function Group 5 
Each bit corresponds to a function. Function 15 and Oare always ena, d. 
If a bit 464+i is set, function i is supported (i = Function 15 to 0) '\_ 

16 

463:448 Support Bits of Functions in Function Group 4 ~ \. 
) Each bit corresponds to a function. Function 15 and Oare always enabled. 16 

If a bit 448+i is set, function i is supported (i = Function 15 to O)r ~ 
447:432 !Support Bits of Functions in Function Group 3 \ ( ~~ 

Each bit corresponds to a function. Function 15 and Oare ~lway enabled. 16 
If a bit 432+i is set, function i is supported (i = Function 15 to O)\ ) 

431 :416 !Support Bits of Functions in Function Group 2 .\. 
Each bit corresponds to a function. Function 15 and Oare always enabled. 16 
If a bit 416+i is set, function i is supported (i = Functioo 15 to 0)\\. 

415:400 Support Bits of Functions in Function ~roup 1 r:J \_ 
Each bit corresponds to a function. Function 15 a~d Oare always enabled. 16 
If a bit 400+i is set, function i is supported (i = Function 1)5 t0 0) 

399:396 cunction Selection of Function Group 6 -~ ) 
mode O - The function which can be switcheain function group 6. 

4 
mode 1 - The function which is result of ~-~rwitch"Sommand, in function group 
6. OxF shows function set error with the ar umef!t) 

395:392 Function Selection of Function Group 5 / 
mode O - The function which can be switched in-function group 5. 

4 
mode 1 - The function which is reJult of ~e switch command, in function group 
15. OxF shows function set error-With The,a JUJment. 

391:388 Function Selection of Fun cf io~mup 4 
mode O - The function which ~ elwitched in function group 4. 4 
mode 1 - The function ! mch is re~ It of the switch command, in function group 
14. OxF shows function set'error w"ith the argument. 

387:384 Function Selection of ~ction Group 3 
mode O - The function which can be switched in function group 3. 

4 mode 1 - The function w~h is result of the switch command, in function group 
13. OxF shows function sete ror with the argument. 

383:380 Function Selection ,of Function Group 2 
mode O - The functipn which can be switched in function group 2. 4 
mo~The functi~n which is result of the switch command, in function group 
12. OxF s ows functior< set error with the argument. 

379:376 cunction Selection of Function Group 1 

(r 
~ ode-0 - Th'e function which can be switched in function group 1. 

4 
ode 1 - rjt function which is result of the switch command, in function group 

1. QxF sho s function set error with the argument. 
375:068-"' Data Structure Version 

'-.......,.,-Onh bits 511 :376 are defined 
~--:- bits 511 :272 are defined 

8 

02h-FFh - reserved 
367:352 Reserved for Busy Status of functions in group 6 

16 
If bit m is set, function m is busv. This field can be read in mode O and mode 1 

351:336 Reserved for Busy Status of functions in group 5 
16 If bit [i] is set, function [i] is busy. This field can be read in mode O and mode 1 
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Bits Description 
335:320 Reserved for Busy Status of functions in group 4 

If bit [i] is set, function [i] is busy. This field can be read in mode 0 and mode 1 
319:304 Reserved for Busy Status of functions in group 3 

If bit [i] is set, function [i] is busy. This field can be read in mode 0 and mode 1 
303:288 Busy Status of functions in group 2 

If bit [i] is set, function [i] is busy. This field can be read in mode 0 andQ e 1 
287:272 Reserved for Busy Status of functions in group 1 ~ l >~ 

If bit m is set, function m is busv. This field can be read in mode 0 and_ mpde 1 
271:0 Reserved (All '0') 

( {'\. \") 
Table 4-13: Status Data Stru~ ~ ~ 

4.3.10.4.1 Busy Status Indication for Functions 

Width 

16 

16 

16 

16 

272 

Each bit (367-272) shows the busy status of corresponding functions; 0 indicates ready and 1 indicates 
busy. While the status is busy, the host should not change thelcortespondirtg function. Switch command 
mode 1 can be applied only to ready functions. ( (J 
If the function failed to be switched in mode 1 operation and\r-ebtyfus :9e current function number in the 
response, the function is considered busy. The mode 1 o~rati • n'1ilay affect the behavior of a function. 
The mode 0 operations should be used to check the busy status of a function because it does not affect 
its behavior, especially, for function group 2 as defin1d bel<:\ 

303 302 301 300 299 298 297 2~6 295 294 293 292 291 290 289 288 
o vs o o o o o o 0\ o o ASSD o o ec o 
Note: 0: Ready 1: Busy /°') '--.) 

Figure 4-15: Busy Status of 'Command System' 

4.3.10.4.2 Data Structure Verslorr ~) 
Data Structure Version ind~ ates e~ective'bit fields of the Switch Function Status. The cards can set 
either 00h or 01 h. When t\ s field is se;-§a1, busy status indication is effective. 

Data Structure Version Fields of Status Data Structure 
00h \ 511 :376 are defined 
01h \ 511 :272 are defined 

- 02h-FFh ' ) Reserved /2 Table 4-14: Data Structure Version 

4.3.10£.i"Function l\ of Switch Command 
Table[4-15, Table 4-1~ and Table 4-17 shows possible combinations of the function switch. 
"Argumeat"Jnclicates 4-bit code specified in the argument of switch command (bits 23-0). "Busy 
Status ' indicates the function is busy as defined below. 
"Status Co~hdicates 4-bit code in the Status Data Structure, bits 399-376. 
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Argument Busy Status Status Code Comment 

o Don't Care o Status indicates a default function, which is 
always supported. 
Status indicates that the function specified in 

Ready =Arg. the argument is suppo(e\and can be 

Supported function 
switched. 
Status indicates that the function specified in 

Busy 
Current 

the argument is suPQo'rte~ butvcannot be Selected 
switched be~use the-function is busy. 

Not Supported function Don't Care Fh 
Status indicates thati th~unction specified in 
the argument is not\ supported. 

Fh Don't Care Current Status indieates\u1-Fent--selected function 
Selected 

"· ~ Table 4-15. Status Code of Mode Oto Supported Function Group 
~ V 

(\ ( (? '\ 
Argument Busy Status Status Code 

~ 
\ ,., '' Comment 

o Don't Care o Default 'function' can always be switched. 
/ Status indicafes the same function number as 

Ready =Arg. specifie~ in the argument, which means 
Supported function successful function change. 

Busy 
Current ~~ function is canceled and status indicates 
Sele~ted '\ current selected function. 

\ "'---- Jf 1one of the function groups indicates an error 
Not Supported Don't Care 

-~ 
code (Fh), switch requests to all switch functions 

function are canceled and the rest of the data in the 
Status Data Structure should be ignored. 

Fh Don't Car( ( 
--., Current' 
/Select6d Status indicates current selected function 

Table 4-16: Sta~ Co~o, Mode 1 to Supported Function Group 

\ 
Argument Busy Status Status Code Comment 

o 
-------

Don't ~l:l.re o Status always indicates 0. 

Eh-1;{ ,r'.... Don't C1=1're Fh Status always indicates Fh. 
Fh I Don't Care o Status always indicates 0. 

J :rable 4-~ tus Code of Mode O and 1 to Unsupported Function Group 
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4.3.10.5 Relationship between CMD6 Data and Other Commands 
This section is a blank in the Simplified Specification. 

4.3.10.6 Switch Function Flow Example 
This section is a blank in the Simplified Specification. 

4.3.10.7 Example of Checking 
This section is a blank in the Simplified Specification. <) ij 

4.3.10.8 Example of Switching 
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4.3.11 High-Speed Mode (25 MB/sec interface speed) 
Although the Rev 1.01 SD memory card supports up to 12.5 MB/sec interface speed, the speed of 25 
MB/sec is necessary to support increasing performance needs of the host and because memory size 
continues to grow. 
To achieve the 25 MB/sec interface speed, the clock rate is increased to 50 MHz and CLK/CMD/DAT 
signal timing and circuit conditions are reconsidered and changed from the Phys{ical Layer Specification 
Version 1.01. (\_ 
After power up, the SD memory card is in the default speed mode, and by using S~ tch Function 
command (CMD6), the Version 1.10 and higher SD memory card can be P-laced in High-Speed mode. 
The High-Speed function is a function in the access mode grou~ (see Tuble"tt-11 ).) Supporting High-
Speed mode is optional. ' \ I j 
Because it is not possible to control two cards or more in the case ~ t\ ach of them has a different 
timing mode (Default and High-Speed mode) and in order to satisfyisevere timing, the host shall drive 
only one card. CLK/CMD/DAT signal shall be connected in 1-to-1 bet.veen the host and the card. ~v 

4.3.12 Command System (\ 
1 

(7 
1 

SD commands CMD34-37, CMD50, and CMD57 are rese~ ed~or SD command system expansion via 
the switch command. Switching between the various functions of the command system function group, 
will change the interpretation and associated bus transacfon (i.e. command without data transfer, single 
block read, multiple block write, etc.) of these comm/nds. ~UPR_Orting Command system is optional 

• When the "standard command set" (default fuhction 0x0) is selected, these commands will not 
be recognized by the card and will be- ron ic:lere~ as illegal commands (as defined in the 
Physical Layer Specification Version 1.01) 

• When the "vendor specific" (function 0xE) is selected, the behaviors of these commands are 
vendor specific. They are not defined by~is standard and may change for different card 
vendors. {. 

1 

• When the "mobile e-commerce" (fur:rction 0x1) is selected, the behavior of these commands is 
governed by the SD Specifiq_ations--Part , 1: Mobile Commerce Extension Specification. 

When either of these extensions (ir t1sed, special care should be given to proper selection of the 
command set function; otherwise, t~e nos.t'command may be interpreted incorrectly. 
All other commands of the SD mem6ry card (not reserved for the switch commands) are always 

/'-' 

available and will be executed as defined in this document regardless of the currently selected com-
'-

mands set. \ .. 

1 ~. ~ 

~ 
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4.3.13 Send Interface Condition Command (CMD8) 
CMD8 (Send Interface Condition Command) is defined to initialize SD Memory Cards compliant to the 
Physical Layer Specification Version 2.00 or later. CMD8 is valid when the card is in Idle state. This 
command has two functions. 

• Voltage check: ~ 
Checks whether the card can operate on the host supply voltage. ~ f\. '\. 

• Enabling expansion of existing command and response: \ 
Reviving CMD8 enables to expand new functionality to some existing commands by redefining 
previously reserved bits. ACMD41 was expanded to su~port initializ~ ion of SDHC Card and 
the expansion is also applied to SDXC Card. I j 

Table4-18 shows lhefonnatof CMD8. (\/\ ~ ~ 
Bit position 47 46 [45:40] [39:20] [19:16] 

r---. &1 5:8] [7:1] o 
Width (bits) 1 1 6 20 1 ) 8 7 1 

Value 'O' '1' '001000' '00000h' \);XI\ X X '1' 

Start Transmission Command Reserved v d1tag~ Check Description 
bit bit index bJt0 

\supplie 
pattern CRC7 End bit 

r--,,,, ,,, (VHS) 

/ )) 
Voltage Supplied _./ Value Definition 

0000b1 \ \ Not Defined 
0001b ) 2.7-3.GV 
0010Q___ Reserved for Low Voltage Range 
0100b, \ Reserved 

/""")1000b) ), Reserved 
( ( Ot~ers / Not Defined 

<' T~e 4-18: Format of CMD8 

When the card is in Idle s\a~.►~~hall issue CMD8 before ACMD41 . In the argument, 'voltage 
supplied' is set to the host s~ ply voltage and 'check pattern' is set to any 8-bit pattern. 
The card checks whether it can operate on the host's supply voltage. The card that accepted the 
supplied voltage returns R7 r sl)onse. In the response, the card echoes back both the voltage range 
and check pattern s t_. in the ar ument. If the card does not support the host supply voltage, it shall not 
return responseana ;tays in Idle state. 
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4.3.14 Command Functional Difference in Card Capacity Types 
CCS in the response of ACMD41 determines card capacity types: CCS=0 is SDSC and CCS=1 is 
SDHC or SDXC. 
Memory access commands include block read commands (CMD17, CMD18), block write commands 
(CMD24, CMD25), and block erase commands (CMD32, CMD33). 
Following are the functional differences of memory access commands between SDSC and SDHC, 
SDXC: )M 

• Command Argument ("'\. 
SDHC and SDXC use the 32-bit argument of memory access commaQdS as block address 
format. Block length is fixed to 512 bytes regardless CMD116, [ LJ , "\ 
SDSC uses the 32-bit argument of memory access commands as byt1 ddress format. Block 

:~e~th is determined by CMD16, ~ 
(a) Argument 0001h is byte address 0001h in the SOS~< nd 000111 block in SDHC and SDXC 
(b) Argument 0200h is byte address 0200h in the SDSC and 0200 '"'block in SDHC and SDXC 

• Partial Access and Misalign Access ~ J 
SDHC and SDXC disable Partial access and Misaligrl\_ ac-cess (crossing physical block 
boundary) as the block address is used. Access~·s onl/ granftte d based on block addressing. 

• Set Block Length \ V 
SDHC and SDXC use 512-byte fixed block Ieng~ or memory access commands regardless of 
the block length set by CMD16. The setti~g(Of t9e block length does not affect the memory 
access commands. CMD42 is not classified ~ s a memory access command. The data block 
size shall be specified by CMD16 and-the 't>1ociV1ength can be set up to 512 bytes. Setting 
block length larger than 512 bytes set\Js the B-LOCK_LEN_ERROR error bit regardless of the 
card capacity. \ 

• Write Protected Group /"). 
SDHC and SDXC do not supportr.:'rite-p otec ed groups. Issuing CMD28, CMD29 and CMD30 
generates the ILLEGAL_ COM~ r-

~ %J 
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4.4 Clock Control 
The SD Memory Card bus clock signal can be used by the host to change the cards to energy saving 
mode or to control the data flow (to avoid under-run or over-run conditions) on the bus. The host is 
allowed to lower the clock frequency or shut it down. For example, in the case that a host with 512 
Bytes of data buffer would like to transfer data to a card with 1 KByte write blocks. So, to preserve a 
continuous data transfer, from the card's point of view, the clock to the card sh~ll-be stopped after the 
first 512 Bytes. Then the host will fill its internal buffer with another 512 Bytes. After t~e second half of 
the write block is ready in the host, it will continue the data transfer to the card t>,y re-starting the clock 
supply. In such a way, the card does not recognize any interruptions in the data ts:nsferv 
There are a few restrictions the host shall consider: /\ ✓---------

• The bus frequency can be changed at any time (under the restrict(orfs'o\ ma imum data transfer 
frequency and the identification frequency defined by the specification document). 

• An exemption to the above is ACMD41 (SD_APP _OP _COND}.~ e( issuing the command 
ACMD41 , the following 1) or 2) procedures shall be done'~'by the host-u'ntil the card becomes 
ready. '\ 

1) Issue continuous clock in the frequency range of 100 K-Hz-4Q0 KHz:" 
If the host wants to stop the clock, poll busy bit by AC~ D41 comr aQ_cf'at less than 50 ms intervals. 

100KHz-400KHz clocks\ ( D r-f 
CLK ---.---------------- ..._-----...---1) 

1st 2nsl r--, 3rd 
CMD -L..J~--D..J.............,\ ,.._____,_.,_\ \ -V ~L..J~-

(ACMD 41 ) ) _) 

Polling le
1
s'Sthan 5:R_ mv nterval 

CLK--~L..J.-------
1
;---,-~LS..J----~~------,L..J--.-----

I< < SOms >I I< < SOms >I 
c 

O 
1st <> 2nd 3rd 

2) 

(Ac::., 41 ) c::J G ' i::=':..l c::J 

• It is an obvious requiremen(!tiat~ ck shall be running for the card to output data or 
response tokens. After the l~s1S0--Memc/ry Card bus transaction, the host is required, to provide 
8 (eight) clock cycles for the& d t~ complete the operation before shutting down the clock. Fol­
lowing is a list of the various t5usJr,ar,isactions: 

•A command with ~o response. 8 clocks after the host command end bit. 
•A command with response. 8 clocks after the card response end bit. 
•A read data transaction.' 8 clocks after the end bit of the last data block. 
•A write data transact\o~. 8 clocks after the CRC status token. 

• The hostTs'allowed to s~ut down the clock of a "busy" card. The card will complete the program­
ming operation\ egardless of the host clock. However, the host shall provide a clock edge for the 
card to turn off its busy signal. Without a clock edge, the card (unless previously disconnected 
by.a dese~ mand -CMD7) will force the DAT line down forever. 
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4.5 Cyclic Redundancy Code (CRC) 
The CRC is intended to protect SD Memory Card commands, responses, and data transfer against 
transmission errors on the SD Memory Card bus. One CRC is generated for every command and 
checked for every response on the CMD line. For data blocks, one CRC per transferred block is 
generated. The CRC is generated and checked as described in the following. 

• CRC7 

• 

The CRC7 check is used for all commands, for all responses except type R3, and for t e CSD and CID 
registers. The CRC7 is a 7-bit value and is computed as follows: \ 

Generator polynomial: G(x) = x7 + x3 + 1. ~ \ \. v 
M(x) = (first bit)* xn + (second bit)* xn-1 + ... + (last bit) * x0 f\ ( t7"\ \ \) 
CRC[6 ... 0] = Remainder [(M(x) * x7)/G(x)] /\ i . 1 

The first bit is the most left bit of the corresponding bit string (of the commane,_response, CID or CSD). 
The degree n of the polynomial is the number of CRC protected bits decreased by one. The number of 
bits to be protected is 40 for commands and responses (n = 39>), and 1 Q0 for the CSD and CID (n = 
119). ,,,-.__ \'v 

<) ~ ~ D ~ ala out 

dalain ~0 
~~ 

Figure,.,,4":20: ~ Generator/Checker 

CRC7 Examples \ ~ 
The CRC section of the comma~d/response is bolded. 

CMD0 (Argument=0) --> 01 000000 00000000000000000000000000000000 "1001010" 1 
CMD17 (Argument=0)--> 01 10001 00000000000000000000000000000000 "0101010" 1 
Response of t > 00 0~ 01 00000000000000000000100100000000 "0110011" 1 
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• CRC16 
In the case of one DAT line usage, the CRC16 is used for payload protection in block transfer mode. 
The CRC check sum is a 16-bit value and is computed as follows: 

Generator polynomial G(x) = x16 +x12 +x5 +1 
M(x) = (first bit) * xn + (second bit)* xn-1 + ... + (last bit) * x0 

CRC[15 ... 0] = Remainder [(M(x) * x 16)/G(x)] ~ 
The first bit is the first data bit of the corresponding block. The degree n of the polynomial denotes the 
number of bits of the data block decreased by one (e.g. n = 4095 for a block length of 512 bytes). The 
generator polynomial G(x) is a standard CCITT polynomial. The code has a mir-i imal di$tance d=4 and 
is used for a payload length of up to 2048 Bytes (n <= 16383). "' ~ 
The same CRC16 method shall be used in single DAT line mode and in w·de bus mode. 
In wide bus mode, the CRC16 is done on each line separately. (\ \ ) 

/\_ A'\'\ '--/ 

data in 

. ,,:: ' Figure 4-21 . CRC16 Generator/Checker 

• CRC16 Example Q ~ 
512 bytes with 0xFF data-> CRC16~ 0X-7~ ) 

0)~ 
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4.6 Error Conditions 
4.6.1 CRC and Illegal Command 

All commands are protected by CRC (cyclic redundancy check) bits. If the addressed card's CRC 
check fails, the card does not respond and the command is not executed. The card does not change its 
state, and COM_CRC_ERROR bit is set in the status register. 
Similarly, if an illegal command has been received, a card shall not change its state, hall not response 
and shall set the ILLEGAL_COMMAND error bit in the status register. Only ,th{ non-erroneous state 
branches are shown in the state diagrams (see Figure 4-1 and Figure 4-13). 
Table 4-34 contains a complete state transition description. ✓-:--,,.> v. 
There are different kinds of illegal commands: '\ ( 0 \ 

• Commands that belong to classes not supported by the card (e.g. write commands in read only 
cards). /\.. ( 

1 

• Commands not allowed in the current state (e.g. CMD2 iq__ Transfer Sate). 
• Commands that are not defined (e.g. CMD5). > 

r;-..~ '\J)V 
4.6.2 Read, Write and Erase Timeout Conditions 0 

A card shall complete the command within the time period d~finect as.Jollows or give up and return an 
error message. If the host does not get any response with the(given timeout it should assume that the 
card is not going to respond and try to recover (e.g. rese the card, power cycle, reject, etc.). 

4.6.2.1 Read ( ~ 
For a Standard Capacity SD Memory Card

1
d he.__ times after which a timeout condition for read 

operations occurs are (card independent) either 1~0 t imes longer than the typical access times for 
these operations given below or 100 ms (thJ, lower of the two). The read access time is defined as 
the sum of the two times given by the CSD-parameters TMC and NSAC (see Chapter 5.3). In the case 
of a single read operation, these card ~arameters define the typical delay between the end bit of the 
read command and the start bit of the data'1>1o'ck. In the case of a multiple-read operation, they also 
define the typical delay between thi:'e-nd bit of J data block and the start bit of next data block. 
A High Capacity SD Memory Cardrana Exte~ d Capacity SD Memory Card indicate TMC and NSAC 
as fixed values. The hos~ hf)uld use'--10 ms timeout (minimum) for single and multiple read operations 
rather than using TMC and NSAC. 2). 

/ 

4.6.2.2 Write 
For a Standard Capacity D \Memory Card, the times after which a timeout condition for write 
operations occurs_are (card independent) either 100 times longer than the typical program times for 
these operations...given below or\ 250 ms (the lower of the two). The R2W _FACTOR field in the CSD is 
used to calculate the-.. ty~ical block program time obtained by multiplying the read access time by this 
factor. It applies to all'wi-ite commands (e.g. SET(CLR)_WRITE_PROTECT, PROGRAM_CSD and the 
block write co~ mands). High Capacity SD Memory Card and Extended Capacity SD Memory Card 
indicate R2W FACTO~ as a fixed value. 
In caJe(of Higl:l.~ apacity SD Memory Card, maximum length of busy is defined as 250ms for all write 
operation~_...---..._, \ 
While the card sbould try to maintain that busy indication of write operation does not exceed 250ms in 
the case of s~ ,c card, if the card is not possible to maintain operations with 250ms busy, the card can 
indicate writ~ busy up to 500ms including single and multiple block write in the following scenarios: 

a) The last busy in any write operation up to 500ms including single and multiple block write. 
b)When multiple block write is stopped by CMD12, the busy from the response of CMD12 is up to 

500ms. 
c) When multiple block write is stopped by CMD23, the busy after the last data block is up to 500ms. 
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d) Busy indication at block gap in multiple block write is up to 250ms except a following case. When 
the card executes consecutive two blocks write (2*512Bytes) and it spans across the physical 
block boundary, the busy after the each block can be indicated up to 500ms. 

Especially regardless of the above definition, a speed class writing mode specified by CMD20 shall 
keep write busy up to 250ms in any case until the end of speed class write is indicated. 

There are two types of busies in a multiple block write operation. ~ 
(1) Write busy at block gap (without CMD12) is maximum 250ms 
(2) Write busy after CMD12 is maximum 250ms (500ms for SDXC) ~ 

If CMD12 is issued during a multiple block write operation's busyi3eriok the ost timeout counter is 
reset and the 250ms (500ms for SDXC) timeout period is measured from the response of CMD12. 

~ 
In UHS-11 mode, data is transferred by the unit of Data Burst. Data Burst onsists of one or multiple data 
blocks and is determined depends on capability of host and card. Busy is pet indicated after every block 
but indicated after every Data Burst. The maximum busy lengJtfafter Data Burst is defined as 1 second. 
Refer to UHS-II Addendum about Data Burst for more detail, v /\ 

Application Notes: V 
The host should use a fixed timeout for write operations rather ba using a timeout calculated from 
the R2W _FACTOR parameter. ~(" 
It is strongly recommended for hosts to implement ore than 500ms timeout value even if the card 
indicates the 250ms maximum busy length. ) 
Even if the card supports Speed Class, anm iple~ c'k write operation may indicate a busy 
period of up to a maximum of 250ms. The sum ofthe busy periods over an AU is limited by Speed 
Class. \ \ ) 
In UHS-11 mode, refer to the UHS-11 Addel)d m a6out host timeout setting. 

4.6.2.3 Erase Q ~) 
If the card supports parameters for(erase timeout calculation in the SD Status, the host should use 
them to determine erase timeout (~~ Chapter 4.10.2). If the card does not support these parameters, 
erase timeout can be estimated by bloclc0 rite delay. 
The duration of an erase command Ccin be estimated by the number of write blocks (WRITE_BL) to be 
erased multiplied by 250 ms~ 
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4. 7 Commands 
SD Commands applicable to UHS-11 are defined in the UHS-II Addendum. 

4. 7 .1 Command Types 
There are four kinds of commands defined to control the SD Memory Card: 

• Broadcast commands (be), no response - The broadcast feature is only if all the CMD lines are 
connected together in the host. If they are separated, then each card will"ac:c~pt it separately in 
its turn. ! \ 

• Broadcast commands with response (bcr) 
response from all cards simultaneously - Since there is no Open D~irfmode in SD Memory 
Card, this type of command shall be used only if all the CMD lines1are separated - the command 
will be accepted and responded by every card separately. ~\) 

• Addressed (point-to-point) commands (ac) ~~ 
no data transfer on DAT 

• Addressed (point-to-point) data transfer commands (adtc) 
data transfer on DAT /.;\ j 

All commands and responses are sent over the CMD line 10Une SD Memory Card. The command 
transmission always starts with the left bit of the bit striQg corres onding t6 the command codeword. 

4. 7 .2 Command Format C" . 0 / 
All commands have a fixed code length of 48 bits. / ,..., · 
Bit position 47 46 [45:40] ,\ [39:8] [7:1] o 

Width (bits) 1 1 ;------6 _)) 32 7 1 

Value 'O' '1' ( ( "'~ '-..,,I 
X X '1' 

Description Start bit Transmission bit ~ omman~ ',index Argument CRC7 End bit 
•\ Table f-20. Command Format 

A command always starts with a start b~ ys 0), followed by the bit indicating the direction of 
transmission (host= 1 ). The next E{bit~ica~ the index of the command, this value being interpreted 
as a binary coded number (betweep \o aad 63). Some commands need an argument (e.g. an address), 
which is coded by 32 bits\ A value denoted by 'x' in the table above indicates this variable is dependent 
on the command. All command~ are protected by a CRC (see Chapter 4.5 for the definition of CRC7). 
Every command codeword is terminated by the end bit (always 1 ). All commands and their arguments 
are listed in Table 4-22 to Table 4-32. 

4. 7 .3 Commaridci'asses \) 
The comma~d set of the SD ~ emory Card system is divided into several classes (See Table 4-21 ). 
Each class supports a set of card functionalities. 
Table 4-21 determines\ tlrte setting of CCC from the card supported commands. A CCC bit, which 
corresponds to\ a supported command number, is set to 1. A class in CCC includes mandatory 
com1ands is~always ~et to 1. Cards with specific functions may need to support some optional 
commands. For example, Combo Card shall support CMD5. 

Class o~Jnd 8 are mandatory and shall be supported by all SD Memory Cards. Class 7 except 
CMD40 is ~d,tory for SDHC and SDXC. The other classes are optional. The supported Card 
Command Classes (CCC) are coded as a parameter in the card specific data (CSD) register of each 
card, providing the host with information on how to access the card. 
If different types of commands are assigned to a Command Class (Class 7, Class 8 and Class 11), 
which command supported can be determined by referring command support information in SCR 
register. 
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Card Command Class 
0 1 2 3 4 5 6 7 8 9 10 11 

(CCC) 

write 
appli-
cat-

Supported class 
basic 

reser block reser block erase pro- lock 
ion 

1/0 
switch 

exten 
commands description ved read ved write tee- card spe- mode sion 

tion 
cific 

CMD0 Mandatory + ' \ 
CMD2 Mandatory + ~ 

CMD3 Mandatory + (' ( 0' 
CMD4 Mandatory + ~ 

A \ \ ' \, 
CMD5 Optional A \ \.. '-._/ + 

CMD62 Mandatory < \ \ + 

CMD7 Mandatory + V. 
CMD83 Mandatory + /I 

✓ ) .' 

CMD9 Mandatory \1 \ -
+ I\ 

CMD10 Mandatory + \ \_ ( t ) I✓' 

CMD11~ Optional + / ' 1,~ 

CMD12 Mandatory + ( j \ ,'> 
CMD13 Mandatory + \\ ) \ 
CMD15 Mandatory + ( ~- '-.._I 

CMD16 Mandatory + \ t -
+ + 

CMD17 Mandatory + 1--, \ 0, 
CMD18 Mandatory +( ~ -.._/' 

CMD195 Optional 
,., 

+ /) 

CMD201j Optional I .r-+ /V, + 

CMD21 Optional \V~ -' 
+ 

CMD237 Optional \ " '--"""+J ) + 

CMD241 Mandatory \\ ') '- ," + 

CMD251 Mandatory \ ✓ f "' + 

CMD271 Mandatory \ + 

CMD28 Optional \\ + 

CMD29 Gptional \. + 

CMD30 Optional + 

CMD321 r Mandatory l + 

CMD331 
( Manda(otyJ ) + 

CM034t 37~ Opfu:m~I + 

CMD381 lv1andi:lt0ry + 

CMD40 Optional + 

CMD424 (Note 4) + 

CMD48 Optional + 

CMD49 Optional + 

CMD502 Optional + 
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Card Command Class 
0 1 2 3 4 5 6 7 8 9 10 (CCC) 

write appli-

Supported class reser block reser block erase pro- lock 
cat-

1/0 
commands description basic ved read ved write tee- card ion mode switch 

tion 
spe-
cific 

CMD52 Optional ( r + 
CMD53 Optional \ + 
CMD55 Mandatory ~ 
CMD56 Mandatory < I ( + \ 

CMD5i1 Optional ~ /\. \ \_ ) ) + 

CMD58 Optional \"'-.._- ___,, 

CMD59 Optional < \ 

ACMD6 Mandatory ~ I)\. + 
ACMD13 Mandatory /' 7 _, + 

ACMD14 Optional \ , 
A \ I I\ + 

ACMD15 Optional \ \V + 

ACMD16 Optional / ~ + 

ACMD221 Mandatory I t ..... I\ I\)· + 

ACMD231 Mandatory \ \ ) ) + -
ACMD28 Optional (, ''\\ ~ + 

ACMD41 Mandatory \ \ \\ + 

ACMD42 Mandatory r') \ VJ + 

ACMD51 Mandatory ( ~ + 
Note (1). The commands related wnte and eras~re mandatory only for the Writable types of Cards. 
Note (2): This command was detinf!8 in e¥ion. .. -1'. 10 
Note (3): This command is newly defi~ -in version 2.00 
Note (4): This command is,optiomll in Ver~on 1.01 and 1.10 and mandatory from Version 2.00 
Note (5): Mandatory fo'\UHS-I supported yard 
Note (6): Not supported by SDSC..,Optional for SDHC and Mandatory for SDXC. 
Note (7): Not supported by SDSC. M8{ldak>ry for UHS104 card. 

Table 4- 1/ c ard C'ommand Classes (CCCs) in SD Mode 

68 

11 

exten 
sion 

+ 

+ 



©Copyright 2001-2013 SD Group (Panasonic, SanDisk, Toshiba) and SD Card Association 
Physical Layer Simplified Specification Version 4.10 

4.7.4 Detailed Command Description 
The following tables describe in detail all SD Memory Card bus commands. The responses R1-R3, R6 
are defined in Chapter 4 .9. The registers CID, CSD and DSR are described in Chapter 5. The card shall 
ignore stuff bits and reserved bits in an argument. 

CMD 
type argument INDEX resp abbreviation command description 

CMD0 be [31 :0) stuff bits - GO IDLE STATE Resets all cards td idle state 

CMD1 reserved 

CMD2 bcr [31 :OJ stuff bits R2 ALL_SEND_CID c , \ Asks any ard to send the CID num-
ber¥ 9" the CM~ line (any card that is 
conr;:iecte~ to th host will respond) 

CMD3 bcr [31 :0) stuff bits R6 SEND_RELATIVE_ ~sk the car~opublish a new relative 
ADDR address (RC ) 

CMD4 be [31:16) DSR - SET_DSR Programs the DSR of all cards . 
[15:0) stuff bits ( 1 

CMD5 reserved for 1/0 cards (refer to the "SDIO Card Specification") 

CMD7 ac [31:16) RCA R1b SELECT/DESELEC"I.___ Cotnfnand toggles a card between the 
[15:0) stuff bits (only 

CAAD (9 starfd-by and transfer states or 
from between the programming and 
the disconnect states. In both cases, the 
selecte card is selected by its own relative 
d card) address and gets deselected by any 

other address; address 0 deselects all. 
In the case that the RCA equals 0, then 
the host may do one of the following: 
- Use other RCA number to perform 

card de-selection. 

@ - Re-send CMD3 to change its RCA 

)) 
number to other than 0 and then use 

~ CMD7 with RCA=0 for card de-
selection. 

CMD8 bcr [31:12]rese~ R7~ SEND_IF _COND Sends SD Memory Card interface 
bits condition, which includes host supply 
[11 :8)supply ,. voltage information and asks the card 
voltage(VHS) 

) 
whether card supports voltage. 

ffotc~~t Reserved bits shall be set to '0'. 
patf'ern 

CMD9 ac 1,~1 :16) RCA R2 SEND_CSD Addressed card sends its card-specific 
,---......__ [t5:0] st1,.1ff\bits data (CSD) on the CMD line. 

CMD10( l ~ [31 :16) RC/A. R2 SEND_CID Addressed card sends its card identi-

----
[15:0) stuff bits fication (CID) on CMD the line. 

CMD11 e---- [~1 :0) reserved R1 VOLTAGE_SWITCH Switch to 1.8V bus signaling level. 
bits (all 0) 

CMD12 ac '- [31 :0) stuff bits R1b STOP_ Forces the card to stop transmission 
TRANSMISSION 

CMD13 ac [31:16) RCA R1 SEND_STATUS Addressed card sends its status 
[15:0) stuff bits register. 

CMD14 reserved 
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CMD 
type argument 

INDEX 
resp abbreviation command description 

CMD15 ac [31:16] RCA - GO_INACTIVE Sends an addressed card into the -
[15:0] reserved STATE Inactive State. This command is used 
bits when the host explicitly wants to 

deactivate a card( eserved bits shall 
be set to 'O'. '\. 

Table 4-22: Basic Commands (class 0) 'I '\ 

CMD 
INDEX 

CMD16 

type 

ac 

argument 

[31 :O] block 
length 

resp 

R1 

abbreviation 

SET _BLOCKLEN 

v command description 

In th8)case of a Standard Capacity SD 
Me~ry Card, this command sets the 
block lengtt,\(io bytes) for all following 
block comm'ahds (read, write, lock). 

A (i qefault block length is fixed to 512 
V Bytes. Set length is valid for memory 

(\ ~ c~ss commands only if partial block 
, \ ~~ad operation are allowed in CSD. 

In the case of SDHC and SDXC Cards, 
'8'ock length set by CMD16 command 
does not affect memory read and write 
commands. Always 512 Bytes fixed 
block length is used. This command is 
effective for LOCK_UNLOCK command. 
In both cases, if block length is set larger 
than 512Bytes, the card sets the 
BLOCK_LEN_ERROR bit. 
In DDR50 mode, data is sampled on 

/::, both edges of the clock. Therefore, block ( C \ length shall always be even. 

CMD17 adtc [31 :O] data\ " R1 \.....,...,- READ SINGLE In the case of a Standard Capacity SD 

I 
CMD19 adtc [31 :O] reserved 

bits (all 0) 

CMD20 ac [31 :28]Speed 
Class Control 
[27:0]Reserved 
(all-0) 

R1 

R1 

R1b 

READ_MULTIPLE_ 
BLOCK 

SEND_TUNING_ 
BLOCK 

Memory Card, this command, this 
command reads a block of the size 
selected by the SET _BLOCKLEN 
command. 1 

In case of SDHC and SDXC Cards, 
block length is fixed 512 Bytes 
regardless of the SET _BLOCKLEN 
command. 

Continuously transfers data blocks from 
card to host until interrupted by a 
STOP_ TRANSMISSION command. 
Block length is specified the same as 
READ_SINGLE_BLOCK command. 

64 bytes tuning pattern is sent for 
SDR50 and SDR104. 

SPEED_CLASS_CON Speed Class control command. Refer to 
TROL Section 4 .13.2.8. 
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CMD 
INDEX 

type argument 

CMD22 reserved 

CMD23 ac [31 :0] Block 
Count 

resp 

R1 

abbreviation command description 

SET_BLOCK_COUNT Specify block count for CMD18 and 
CMD25. 

I'\ 
1) The data transferred shall not cross a physical block boundary unless READ _BLK_MISALIGN is set i(i the CSD. 
2) SDSC Card (CCS=O) uses byte unit address and SDHC and SDXC Cards (CCS=1) use blo~ unit a_ddress (512 Bytes 

unit). '\ 

Table 4-23: Block-Oriented Read Cornman~ (cl(ss:z~ \) 

I\ \ \ 

CMD 
type argument abbreviation /' command description 

INDEX 
resp 

CMD16 ac [31 :0] block R1 SET _BLOCKLEN ~ e desc.Y)t@n in Table 4-23 
length 

CMD20 [31 :28]Speed R1b SPEED_CLA\,S:l_CON ( 
'\ 

ac Speed Class control command. Refer to 
Class Control TROL \ Ptf ;> 4.13.2.a. 
[27:0]Reserved \ 
(all-0) ,,,----.....,_ 

CMD23 ac [31 :0] Block R1 SET BLOC~ COUNT Specify block count for CMD18 and 
Count - -, \ CMD25. 

CMD24 adtc [31:0] data R1 WRITEA3LOC0 In case of SDSC Card, block length is 
address2 

set by the SET _BLOCKLEN command1 . 

~\J,, In case of SDHC and SDXC Cards, 
block length is fixed 512 Bytes 
regardless of the SET _BLOCKLEN 
command. 

CMD25 adtc [31:0] data R1(s WRITE__MULTIPLE_B Continuously writes blocks of data until 
address2 J)K a STOP_ TRANSMISSION follows. 

\ 
Block length is specified the same as 

I WRITE_BLOCK command. 

CMD26 Reserved For Manufacturer 
~ ~ 

CMD27 adtc [31:0] stuff bits\ R1 PROGRAM_CSD Programming of the programmable bits 
of the CSD. 

1) The data transf~al"-.not cros~J physical block boundary unless WRITE_BLK_MISALIGN is set in the CSD. In 
the case that wrife partiaiflocks is not supported, then the block length=default block length (given in CSD). 

2) SDSC Card (CCS=O) uses byte unit address and SDHC and SDXC Cards (CCS=1) use block unit address (512 bytes 
unit). ) 

\!:,bl 4-24: Block-Oriented Write Commands (class 4) 

V 
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CMD 
type argument abbreviation command description 

INDEX 
resp 

CMD28 ac [31 :0] data R1b SET _WRITE_PROT If the card has write protection fea-
address2 tures, this command sets the write 

protection bit of the addressed group. 
The properties of J.::ite protection are 
coded in the carg specs'fic data 
(WP_GRP_Sl~E . 
SDHC and SDXC Cards do not 
support this comrn_an~. 

CMD29 ac [31 :0] data R1b CLR_WRITE_PROT If the card-'provides~ rite protection 
address2 

features, \ t"1.s i:ommand clears the 
.write p~ tectiorJbil of the addressed 
.gtoup. 
SDHC and SDXC Cards do not 
support th,is i;:ommand. 

CMD30 adtc [31 :0] write R1 SEND_WRr E- ( If t~e'card provides write protection 
protect data PROT ) f eat~es, this command asks the card 
address2 

&)~ 

to send the status of the write 
protection bits.1 

SDHC and SDXC Cards do not 
1'~upport this command. 

CMD31 reserved I 

1) 32 wnte protection bits (representing 32 wnte protect groups\starting at the specified address) followed by 16 CRC bits 
are transferred in a payload format via the data line-r:ire last (least significant) bit of the protection bits corresponds to 
the first addressed group. If the addresses of the last groupJs are outside the valid range, then the corresponding write 
protection bits shall be set to 0. \ 

2) Data address is in byte units in a Standard Cap~ SD Me ory Card. 
Table 4-25: Block Oriente~Write Protection Commands (class 6) 

\ /\' CMD 
type argument abbreviation command description INDEX resp 

CMD32 ac [31 :OJ data R1 \.._...- ERASE_WR_BLK_ Sets the address of the first write 
address

1 
\ SJART block to be erased. 

CMD33 ac [31:0] data \ R1 ERASE_WR_BLK_END Sets the address of the last write 
address 1 ( block of the continuous range to be 

erased. 

CMD38 ac ~ ~ tuffbits \)1b ERASE Erases all previously selected write 
blocks. 

CMD39 reserved \\ 
CMD41 reserved 
1) SDSC Card"'{CCS=0) us~J yte unit address and SDHC and SDXC Cards (CCS=1) use block unit address (512 byt 

unit).~ \. ~ V 
es 

to Table 4-27 (Class 7). 

CMD 
INDEX 

type 

Table 4-26: Erase Commands (class 5) 

argument resp abbreviation command description 
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CMD 
type argument 

INDEX 
CMD16 ac [31 :OJ block 

length 

CMD40 adtc Defined by 
DPS Spec. 

CMD42 adtc [31 :OJ 
Reserved bits 
(Set all 0) 

CMD43-47 
CMD51 reserved 

CMD 
type argument INDEX 

CMD55 ac [31:16J RCA 
[15:0J stuff bits 

CMD56 adtc [31: 1 J stuff bits. 
[OJ: RD/WR 

resp abbreviation command description 

R1 SET _BLOCKLEN See description in Table 4-23 

R1 Defined by DPS Single block read type. Available even if 
Spec. card is locked. ,,,-----... 

R1 LOCK_UNLOCK Used to set/reset the pas~ ord or 
lock/unlock the card. The SIZ~ Of the data 
block is set by ~..SEsf _BLOCK_LEN 
comm~ . 
Rese e bits (n~ ~rgument and in Lock 
Card Data 

1
Structure shall be set to 0. 

F 

"'""' Table 4-27: Lock Card (cla~ ) '""' Av 
f\ n "-:..,./ 

resp abbreviation command description 

Indicates to the card that the next 
,command is an application specific 
command rather than a standard 
command 

Used either to transfer a data block to 
the card or to get a data block from the 
card for general purpose/application 
specific commands. In case of a SDSC 
Card, block length is set by the 
SET _BLOCK_LEN command. In case of 
SDHC and SDXC Cards, block length is 
fixed to 512 bytes. The host sets 
RD/WR=1 for reading data from the 
card and sets to 0 for writing data to the 
card. 

CMD60-63 reserved for manufacturer l 

~ Table 4-28~ plication-Specific Commands (class 8) 
/'-- "'- V 

All the application-spe_fific commands (given in Table 4-28) are supported if Class 8 is allowed (man­
datory in SD Memory c ard) 7 ___ ) J . 

CMD 
type I argument I resp I abbreviation I command description 

INDEX 
CMD52-54"---" Coml)lands for SDIO (refer to the "SDIO Card Specification") 

Table 4-29: 1/0 Mode Commands (class 9) 

All future reserved commands shall have a codeword length of 48 bits, as well as their responses (if 
there are any). 

The following table describes all the application-specific commands supported/reserved by the SD 
Memory Card. All the following ACMDs shall be preceded with APP _CMD command (CMD55). 
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ACMD 
type argument abbreviation command description INDEX resp 

ACMD1-5 Reserved 

ACMD6 ac [31 :2] stuff bits R1 SET _BUS_WIDTH Defines the data bus width ('00'=1 bit or 
[1 :O]bus width '10'=4 bits bus) to be used for data 

transfer. The all~wed data bus widths 
are given in ~R. regi~er. 

ACMD7-12 Reserved ,,.---..__ 

ACMD13 adtc [31 :0] stuff bits R1 SD_STATUS Send the SD Status. The status fields 
~re give~ in Tablet 4~ 3. 

ACMD14-16 Reserved for DPS Specification '\ \ I 

A. - ,. 

ACMD17 Reserved \_ V ) '\_ \_ ~ 

ACMD18 Reserved for SD security applications 1 \A'\ N 
ACMD19-21 Reserved 

, ~ ' '\. ,t I 

ACMD22 adtc [31 :0] stuff bits R1 SEND_NUM_WR-\>( Send the number of the written (with-
BLOCKS out~ rors) write blocks. Responds with 

321::.i it+CRC data block. 

rr"(g 
If WRITE BL PARTIAL='0', the unit of 
ACMD22 is always 512 byte. 
If WRITE_BL_PARTIAL='1', the unit of 
ACMD22 is a block length which was 
used when the write command was 
executed. 

ACMD23 ac [31 :23] stuff bits R1 SET WR BllK Set the number of write blocks to be 
[22:0]Number of ( ~ E_COUNT pre-erased before writing (to be used 
blocks for faster Multiple Block WR com-

2 

~ mand). "1"=default (one wr block) . 

ACMD24 Reserved I 

ACMD25 Reserved for SD ~ urity ~ppliQions 
1 

ACMD26 Reserved for SD securjty applicatrans 
1 

ACMD27 Shall not use this command 

ACMD28 Reserved for DPS Specification 

ACMD29 Reservecl \\ 
ACMD30-35 Reservecffor Security Specification 

ACMD36-37 Reserved 

ACMD38 ~ Res~ed for Sb security applications 
1 

ACMD39-40 Reserved 
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ACMD 
type argument 

INDEX 
resp abbreviation command description 

ACMD41 bcr [31]reserved bit R3 SD_SEND_OP _CON Sends host capacity support 
[30] HCS( OCR[30]) D information (HCS) and asks the 
[29]reserved for eSD accessed card to send its operating 
[28]XPC condition register (OCR) content in the 
[27:25]reserved bits 

response on thr CMQ__ line. HCS is [24]S18R 
[23:0] Voo Voltage effective when card ~eeeives 
Window(OCR[23:0]) SEND IF COND command. 

Sends"""i-eiaestlo switchi o 1.8V 
signaling (S1 BR). 
Reserve~ bit s~all b set to '0'. CCS 

/' bit is"ass~ ned to OCR[30]. 
XPC controls the maximum power in 
the default speed mode of SDXC 

0~0 
card. X~CQO means 0.36W (100mA 
at 3.GV on VDD1) (max.) but speed 
class is not supported. XPC=1 
meaos 0.54W (150mA at 3.GV on 

I 

VDB1) (max. ) and speed class is 
supported. ,,,............ 

ACMD42 ac R1 [31 :1] stuff bits SET CLR( CARD Connect[1]/Disconnect[O] the 50 KOhm 
[0]set_cd 

DET~ \ \ J), pull-up resistor on CD/DAT3 (pin 1) of 
the card. 

ACMD43-49 -- -- - ( r- -"-I Reserved for SD security applications 1 

ACMD51 adtc [31 :0] stuff bits R1 SEMO~) Reads the SD Configuration Register 
) \ - (SCR). 

ACMD52-54 Reserved for Security Specification,,/'\ "---"<'. 

ACMD55 Not exist rr/) Equivalent to CMD55. 
Refer to Section 4.3.9.1. 

ACMD56-59 Reserved for Seeurity Specifrcation 
1) Refer to the "Part3 Security Spef1~cat1~• for a @failed explanation about the SD Security Features 
2) Command STOP _TRAN (CMD12) shall be used to stop the transmission in Write Multiple Block whether or not the pre­

erase (ACMD23) feature is used\ 
Table 4-30: Application Specific Commands used/reserved by SD Memory Card 

Table 4-31 was--aatted in vers~n\ .10. 

CMD type argument resp abbreviation command 
INDEX description 

CMD6 aat~ [31~ ode _) R1 SW ITCH_FUNC Checks switch-

(C o·c eck}unction able function 
1 :S~itcn function (mode 0) and 

[30:2 ] reserved (All '0') switch card tune-
~ l23i20] reserved for function group 6 (Oh or Fh) tion (mode 1 ). 

[19:16] reserved for function group 5 (Oh or Fh) See Chapter 
[15:12] function group 4 for Power Limit 4.3.10. 
[11 :8] function group 3 for Drive Strength 
[7:4] function group 2 for Command System 
[3:0] function group 1 for Access Mode 

CMD34 Reserved for each command system set by switch function command (CMD6). 

CMD35 Detailed definition is referred to each command system specification. 
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CMD 
type I argument I resp I abbreviation I command 

INDEX description 

CMD36 

CMD37 

CMD50 

CMD57 ~ 
Table 4-31: Switch Function Commands (class 10) ~ l ~ 

,/~ .\ 
CMD type argument abbreviation command description 

INDEX 
resp 

CMD21 Reserved for DPS Specification /\ ~~ 
CMD48 adtc [31]MIO R1 READ_EXTR_SINGLE Single block read type. 

0:Memory, 1 :1/0 

0,~'0 
Refer to Section 5.7.2.1. 

[30:27] FNO " 
[26] Reserved (=0) 
[25:9]ADDR 
[8:0] LEN 

CMD49 adtc [31]MIO R1 W . ITE_EXTR_SINGLE Single block write type. 
0:Memory, 1 :1/0 Refer to Section 5.7.2.2. 

[30:27] FNO V 
[26] MW 

Ir [25:9]ADDR ' [8:0] LEN/MASK 

CMD58 adtc [31]MIO ~ 1 \_ , D _EXTR_MULTI Multi-block read type. 
0:Memory, 1 :1/0 Refer to Section 5.7.2.4. 

[30:27] FNO 1 

~' [26] BUS 
0:5128, 1:321<8 (j3. 

[25:9] ADDR ~ 

[8:0J sue ~ 
CMD59 adtc [31]MIO \ (' R1 WRITE_EXTR_MULTI Multi-block write type. 

0:Memory1 1: 10 

'::5 
Refer to Section 5.7.2.5. 

[30:27] FNO\ 
[26] BUS 

~ ~91~06~
2 B 

I 
[8:-0J BUC 

Note: CCC bit 11_ is set to 1 when any command of class 11 1s supported. Supporting of these commands 
is indicated in SCR register 

~le 4-32: Function Extension Commands (class 11) 

V 
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4. 7 .5 Difference of SD Commands Definition in UHS-11 
Table 4-33 shows the difference of SD commands definition when the card is in UHS-11 mode. 
SD-TRAN driver of host should manage the difference of SD commands functions. Not supported 
commands should not issue to UHS-11 card. CMD13 shall not be issued during data transfer. Normally, 
data transfer should be stopped by setting TLEN instead of using CMD12. CMD23 and CMD55 
functions are included in UHS-11 packet functions. 

Command Description /\ii\.\. 
CMD0 Terminate SD transaction and reset SD-TRAN state. \ 

CMD3 Returns Device ID in the response instead of RCA r~ 
CMD4 Illegal I r 
CMDG Function Group 1 and 3 are not used. I\ \ \ \ t 
CMD7 Device ID is set to the argument instead of RCA-"' \_ \_ 

CMD13 Device operation is up to implementation during data transfer (e.g. CTS). 
CMD11 Illegal ~ 
CMD12 Normally, TLEN (data length) in UHS-11 packet-i~sed to ).top data transfer. 

CMD12 should be used to abort an operation when illeoal situation occurs. 
CMD15 Illegal \ I\ 
CMD19 Illegal ! I ) t-/ 
CMD23 Not Affected. TLEN in UHS-11 packet is used to specify data length. 
CMD55 Not Affected. ACMD is set by APP field in UH's-rkpacket. 
ACMDG Illegal \ \ \ 
ACMD42 Illegal - ) ) 

-' (1) Not Affected means that the command 1s( ~ot executed in any card state, and response 1s returned 
(response type is up to implementation). \ \ 

(2) Illegal means that card returns response with ~ASK=1 . 
(3) As SDHC/SDXC Cards do not supp ffq;MD28';-29 nd 30, these commands are also illegal in UHS-11 

mode. ,./"'\ 
Table 4-33: Differe ~e~~D t ommands Definition in UHS-11 
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4.8 Card State Transition Table 
Table 4-34 defines the card state transitions depend on the received command. State name in the table 
is the next state after the command is executed. "-" indicated that the command is treated as illegal 
command. In addition, whether a command is executable depends on command class (CCC). 

Current State -
idle ready ident stby tran data rev Arg dis ina 

"Operation Complete" - - - - - tran - t~an stby -
class 0 ~ 

CMD0 idle idle idle idle idle i~le !die idle ' idle -
CMD2 - ident - - - - I' \- l - - -
CMD3 - - stby stby - I'\ - \ '\- - - -
CMD4 - - - stby - -, - - - -
CMD7, card is addressed - - - tran -- - /')V - prg -
CMD7, card is not addressed - - - stby st6y s tby - dis - -
CMOS idle - - - l ) /\- - - - -
CMD9 - - - stby - l v -t-1 - - - -
CMD10 - - - stby - - - - - -
CMD11 - ready - ( _r-.. - - - - - -
CMD12 - - - \ - ') \ tran prg - - -
CMD13 - - r stby tran data rev prg dis -
CMD15 - - ( ~ ina ina ina ina ina ina -

class 2 ~\\ ) ), 
CMD16 '· tran - r - - - - - - -,.,-..._ 

CMD17 - - '-" ,/"\"') - data - - - - -
CMD18 - I ,..._)- -kJ-J - data - - - - -
CMD19 - \ /-"'\ ~ - data - - - - -A. 

CMD20 \ - \. I/ - ) - - prg - - - - -
CMD23 - - - - tran - - - - -

class 4 \ / 
CMD16 \ / ._ - - - tran - - - - -

CMD20 ,,---.....__ \ - - - - prg - - - - -

CMD23 / ~ "\ \ ) - - - tran - - - - -

CMD24 ' \ '\ \ - - - - rev - - - - -

CMD2§,._ '\ '\ \ \ - - - - rev - - - - -

CMD27/-.,j 
. 

) ), - - - - rev - - - - -

\ ( class 6 V/ 
CMD28~ -.-'""'\ \ I - - - - prg - - - - -
CMD29 ) J. - - - - prg - - - - -
CMD30 '-...../ data - - - - - - - - -

class 5 

CMD32 - - - - tran - - - - -
CMD33 - - - - tran - - - - -
CMD38 - - - - prg - - - - -
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Current State 

idle ready ident stby tran data rev prg dis ina 
class 7 

CMD40 - - - - data - - - - -
CMD42 - - - - rev - - - - -

class 8 r, ___ '-
CMD55 idle - - stby tran data rev ~P'.rg dis -
CMD56; RD/WR = 0 - - - - rev - - ~ " - -,...-... 

CMD56; RD/WR = 1 - - - - data - ( -,-... '\ - . - -
ACMD6 - - - - tran - \ J, \ i - -
ACMD13 - - - - data - - \._ i_j -;, - -
ACMD14-16 Refer to DPS Specification '---"" 
ACMD22 - - - - data ~ - - - -
ACMD23 - - - - tra,,-- - .J ~ ... 

i - - -
ACMD28 Refer to DPS Specification rn 
ACMD 18,25,26,38, Refer to the "Part3 Security<5pecir cafiop for information about the SD 
43,44,45,46,47,48,49 Security Features V 
ACMD41, OCR check is OK ready - - (r - '\ I~ 
and card is not busy 

ACMD41, OCR check is OK idle - - \\ )) -
and card is busy2 ~ 
ACMD41, OCR check fails ina - ( ..r-- \_ '- _,; _ -
ACMD41, query mode idle - \- ) -\, - -
ACMD42 '> ' _./ ): tran - ' -
ACMD51 - l '-"' I ~'2\ - data -

class 9 /) "-../ ) ) 
CMD52-CMD54 Refer to the "SDIO Card Specification" 

class 101 ( \_ ../) \ 
CMD6 - H - - data -
CMD34-37,50,57 \ \ Refer to each command system specification 

class 11 \. 
CMD21 R'efer to DPS Specification 

CMD48 ,_"" \ :l - - -
CMD49 

, 
\ - - - -

CMD58 '\ '\ \ - - - -
CMD59.--. ) ) - - - -
CMD41 ,CMD43-4 7 reserved 

CMD60 ... CMD63 reserved for manufacturer 
Note (I): Class 10 commands were defined in Version 1.10. 
Note (2,): c a'rd returns busy in case of following. 

data 

rev 

data 

rev 

- Card~¥cutes internal initialization process 
- When HCS in the argument is set to O to SDHC or SDXC Card. 

-
-
-
-

Table 4-34: Card State Transition Table 

- - - -

- - - -

- - - -
- - - -
- - - -
- - - -

- - - -

- - - -
- - - -
- - - -
- - - -

The state transitions of the SD Memory Card application-specific commands are given under Class 8, 
above. 
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4.9 Responses 
All responses are sent via the command line CMD. The response transmission always starts with the 
left bit of the bit string corresponding to the response codeword. The code length depends on the 
response type. 
A response always starts with a start bit (always 0), followed by the bit indicating the direction of 
transmission (card = 0). A value denoted by 'x' in the tables below indicates a variable entry. All 
responses except the type R3 (see below) are protected by a CRC (see Chapte~ f .5 for the definition of 
CRC7). Every command codeword is terminated by the end bit (always 1 ). \ 

There are five types of responses for the SD Memory Card. The SDl6Card s~pports additional 
response types named R4 and R5. Refer to SDIO Card Spec for detailed information on the SDIO 
commands and responses. Their formats are defined as follows: (\._ \ , ) . 

4.9.1 R1 (normal response command): 
M~."\.V 

Code length is 48 bits. The bits 45:40 indicate the index of the command l o\.be responded to, this value 
being interpreted as a binary coded number (between O and ~ The stat~s of the card is coded in 32 
bits. Note that if a data transfer to the card is involved, then (a~b

1
u~Y'signa( may appear on the data line 

after the transmission of each block of data. The host shall ch~ kC)for Busy after data block transmission. 
The card status is described in Chapter 4.10. } 

~ 
Bit position 47 46 [45:40) 0° '\ [39:8) [7:1) o 
Width (bits) 1 1 6 \ ) 32 7 1 

Value '0' '0' ( x......._ '\. '-- /' X X '1' 

Description start bit 
transmission 

~~~~ indfx card status CRC7 end bit bit 

Tab~ Response R1 

4.9.2R1b (2:-; 
R1b is identical to R1 with an optional}§'sy signal transmitted on the data line. The card may become 
busy after receiving these comma~ cased on its state prior to the command reception. The Host shall 
check for busy at the respo se. 

4.9.3 R2 (CID,ICSD i:_egister".\ '--/ 
Code lengtl1 is~ 36'bits. The contents of the CID register are sent as a response to the commands 
CMD2 and CMD10. The contents of the CSD register are sent as a response to CMD9. Only the bits 
[127 ... 1] 0f the CID an~ G;SD are transferred, the reserved bit [OJ of these registers is replaced by the 
end bit of the respoy-1 

( ( -----~ 
Bit position _........1 35 134 [133:128) [127:1) o 
Width (bits) )1 1 6 127 1 

Value '-../ Y' '0' '111111 ' X '1' 

Description start bit transmission reserved CID or CSD register incl. end bit 
bit internal CRC7 

Table 4-36: Response R2 

80 



©Copyright 2001-2013 SD Group (Panasonic, SanDisk, Toshiba) and SD Card Association 
Physical Layer Simplified Specification Version 4.10 

4.9.4 R3 (OCR register) 
Code length is 48 bits. The contents of the OCR register are sent as a response to ACMD41 . 

Bit position 47 46 [45:40] [39:8] [7:1] o 
Width (bits) 1 1 6 32 n 1 

Value 'O' '0' '111111' X '1111111' '1' 

Description start bit 
transmission 

reserved OCR registey ~ s~ ,wed end bit 
bit 

Table 4-37: Response R3 \, ~ v 

4.9.5 R6 (Published RCA response) ~ ~ 
Code length is 48 bit. The bits 45:40 indicate the index of the command to be responded to - in that 
case, it will be '000011' (together with bit 5 in the status bits it llJ~ans = CMD3). The 16 MSB bits of the 
argument field are used for the Published RCA numb~ \ U I 

Bit position 47 46 [45:40] ( \ \ Argu[;,:~i field [7:1] 0 

Width (bits) 1 1 6 r 16 16 7 1 

Value '0' '0' x( x x x '1' 

Description start bit transmission command New 
bit / index "published 

') RCA [31 :16] 
of the card 

! Response R6 
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4.9.6 R7 (Card interface condition) 
Code length is 48 bits. The card supported voltage information of 3.3V range power pin is sent by the 
response of CMOS. Bits 19-16 indicate the voltage range that the card supports. The card that accepted 
the supplied voltage returns R7 response. In the response, the card echoes back both the voltage 
range and check pattern set in the argument. 

Bit position 47 46 [45:40] [39:20] [19:16] [15:8] ( [7~1] o 
Width (bits) 1 1 6 20 4 8 7 1 

Value '0' '0' '001000' '00000h' xi\ I , X X '1' 

Start Transmission Command Reserved Volt~ et' 
Echo-back: CRC End Description 1 

bit bit index bits aC€~ptec:(__ \fcheck 7 bit pattern 

Table 4-39: Response R7 \\ N 
Table 4-40 shows the fonnat of 'voltage accepted' in R7. I 'ii; V 

Voltage accepted Value Definition1 
0000b NQ.t Define_p 
0001b , 2.7-3'{,V 
0010b Reserved for L6w Voltage Range 
0100b 

~ 
ReseliVed 

1000b ( ....... '\ Res/erved 
Others I \' \ Not Defined 

' . 
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4.10 Two Status Information of SD Memory Card 
The SD Memory Card supports two status fields as follows: 
- 'Card Status': Error and state information of a executed command, indicated in the response 
- 'SD Status': Extended status field of 512 bits that supports special features of the SD Memory Card 
and future Application-Specific features. 

4.10.1 Card Status I 
The response format R1 contains a 32-bit field named card status. This field is intende to transmit the 
card's status information (which may be stored in a local status registe? to---t~e host. If not specified 
otherwise, the status entries are always related to the previous issued corprrtand. 
Table 4-41 defines the different entries of the status. Unused reserved b·ts shall be set to 0. The type 
and clear condition fields in the table are abbreviated as followsfil: ~ ~ 

• •E?~~~r bit. ~ \ ~ 
•S: Status bit. (\ (n\. ~ 
•R: Detected and set for the actual command response. ) I I\ 
•X: Detected and set during command execution. The ho st crri gel the status by issuing a command 
with R1 response. .\..J 

• Clear Condition: {;:). /\ 0, 
•A: According to the card curr~nt state. \ ' \ J • . • • 
•B: Always related to the previous command~ R.ecep~on.-t>J, a vahd command will clear 1t (with a delay 
of one command). ('\ '-.../ 
•C: Clear by read. .\J 
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Bits Identifier Type Value Description 
Clear 

Condition 
31 OUT_OF _RANGE ERX '0'= no error The command's argument was out C 

'1'= error of the allowed range for this card. 

30 ADDRESS_ERROR ERX '0'= no error A misaligned address which did not C 
'1'= error match the block length was-used in 

the command. { (' 

29 BLOCK_LEN_ERROR ERX '0'= no error The transferred block length is n~t C 
'1'= error allowed for this card, or the riumber 

of transferred tS'1es does) not 
match the<block length. \ 

28 ERASE_SEQ_ERROR ER '0'= no error An error in the sequence1of erase C 
'1'= error commahos Octurred),.__ 

27 ERASE_PARAM ERX '0'= no error An invalid se~ction of write-blocks C 
'1 '= error for er~occ ~ed~ 

26 WP _VIOLATION ERX '0'= not protected Set ~~er the h ost attempts to write C 
'1 '= protected to a r<}fected block or to the 

temporkr;y or
1
permanent write 

prote_ct d c'ard. 

25 CARD_IS_LOCKED sx '0' = card unlockef( W heQ__ set, signals that the card is A 
'1 ' = card locked( locl<ed by the host 

24 LOCK_UNLOCK_FAILED ERX '0' = no error Set when a sequence or password C 
'1 ' = error fr" error has been detected in 

!oc'k!unlock card command. 

23 COM_CRC_ERROR ER '0'= no_error "'-J ) The CRC check of the previous B 
'1'=~rro( command failed. 

22 ILLEGAL_COMMAND ER 'O'=\no errt Command not legal for the card B 
;..1~ error) state 

21 CARD_ECC_FAILED ER X( (d'= su~s1 Card internal ECC was applied but C 
'1 '= failure failed to correct the data. 
, I 

20 CC_ERROR ERX '0~%cerror Internal card controller error C 
'1 '= e ror 

19 ERROR \(x '0'= no error A general or an unknown error C 
'1'= error occurred during the operation. 

18 reserved ' 

17 reserved f or DEFERRED RESPONSE (Refer to eSD Addendum) 

16 CSD_OVERW) \ ERX '0'= no error Can be either one of the following C 
'1 '= error errors: 

- The read only section of the CSD 
does not match the card content. 
- An attempt to reverse the copy 
(set as original) or permanent WP 
(unprotected) bits was made. 

15 WP _ERASE_SKIP ERX '0'= not protected "Set when only partial address C 
'1 '= protected space was erased due to existing 

write protected blocks or the 
temporary or permanent write 
protected card was erased. 
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Bits Identifier Type Value Description 
Clear 

Condition 
14 CARD _ECC _DISABLED sx '0'= enabled The command has been executed A 

'1 '= disabled without using the internal ECC. 

13 ERASE_RESET SR '0'= cleared An erase sequence was cleared C 
'1'= set before executing because a~out of 

I 
eras~ sequence comma~rwas 
received 

12:9 CURRENT _STATE sx 0 = idle The state of the card-w hen recewJ B 
1 = ready ing the command_ l~he co~mand 
2 = ident execution c.iuses~a stat~ ch nge, it 
3 = stby will be visible to th~ ost,;m the 
4 = tran respons~to the nex~ mmand. 
5 = data The four bj{rrre interpreted as a 
6 = rev binary co, numb~ between 0 
7 = prg and%v 8 = dis 
9-14 = reserved 
15 = reserved for 
1/0 mode 

8 READY _FOR_DATA sx '0'= not ready ( GorresRdnds to buffer empty A 
'1'= ready signf lii:_ig on the bus 

7:6 
I 

5 APP_CMD SR :~: : ~:,:: ) ~ -.TI.1e card will expect ACMD, or an C 
indication that the command has 
been interpreted as ACMD 

4 reserved for SD 1/0 Card __. 

3 AKE_SEQ_ERROR ER ·o·=nOe; Error in the sequence of the C 
(SD Memory Card app_ /~rJ authentication process 
spec_) 

2 reserved for application specific commands 

1, 0 reserved for manufacturer test mode 

Table 4-41: Card Status 
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For each command responded by R1 response, following table defines the affected bits in the status 
r Id A • • th I t t b·t b t · th t th r d ,e n x means e error s a us 1 may e se in e response o e respec Ive comman . 
CMD Response Format Card Status Bit Number 

Number 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 
3' X X X 

6" X X X X X X X 
~ 

7 X X X X X X X X X X x( r, 
11 X X X X \ 
12 X X X X X X X X X / ~ X 

13 X X X X X X X X X X X \ \~ X , x 
16 X X X X X X X X X X \x l'-...x) )x 

A 

17 X X X X X X X X X X X I'\ v, X 1, X.... X 

18 X X X X X X X X X X X I 
' )( X X 

A 

19 X X X X X X X X X X X ~ \ X' X X 

20 X X X X X X X X X X X ~( I ~, , X X X 

23 X X X X X X X X X X X' X ( () ✓ X X X 

24 X X X X X X X X X X X X "'I X X X ---...__ 

25 X X X X X X X X X f. --:J X X X X 

26 X X X X X X Ix\ X ~ X X X 

27 X X X X X ~ X xJ x X X X 

28 X X X X X x \ (x '\x X X X X X 

29 X X X X X - X, X 
\ y X X X X X 

30 X X X X i 
I 

X x xJ X X X X X 

32 
~ 

IV'I X X X X X _X\ j X X X X X X 

33 X X X X fX I " x ~'- x X X X X X X 

38 X X X Ix'-- x...._ X X X X X X X X 

42 X X X X/ )x X X X X X X X 

48 X X X x X X"- X X X X X X X X X 

49 X X X X X X X X X X X X X X X 

55 X \x\ X X X X X X X X X X 

-----56 

----- I"' 
X ~ X X X X X X X X X X 

58 X xi X X X X X X X X X X X X X 

59 X r--... X X \ \ X X X X X X X X X X X X 

ACMD6 
I 

x--. 
' ) Jx X X X X X X X X X X X 

ACMD1~ ~,...,..---1, '\ v/ X X X X X X X X X X X X 

ACMD22 
~ 
~ \ \ V. X X X X X X X X X X X X 

ACMD23 X X X X X X X X X X X X 

ACMD42 X X X X X X X X X X X X 

ACMD51 X X X X X X X X X X X X 

(1) The response to CMD3 Is RS that includes only bits 23, 22, 19 and 12:9 out of the Card Status 
(2) This command was defined in version 1.10 

Table 4-42: Card Status Field/Command - Cross Reference 
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4.10.2 SD Status 
The SD Status contains status bits that are related to the SD Memory Card proprietary features and 
may be used for future application-specific usage. The size of the SD Status is one data block of 512 
bit. The content of this register is transmitted to the Host over the DAT bus along with a 16-bit CRC. The 
SD Status is sent to the host over the DAT bus as a response to ACMD13 (CMDSS followed with 
CMD13). ACMD13 can be sent to a card only in 'tran_state' (card is selected). Yie SD Status structure 
is described in below. Unused reserved bits shall be set to 0. r 
The same abbreviation for 'type' and 'clear condition' were used as for the Card tatus above. 

Bits Identifier Type Value Description Clear 

511:510 DAT _BUS_WIDTH SR '00'= 1 (default) ,Shows the c~rrently defined A 
'01'= reserved da~ us wi~h that was 
'10'= 4 bit width (\ aefi~ d by 
'11 '= reserved SET _BUS_WIDTH command 

509 SECURED_MODE SR '0'= Not in the mode C~ is ' in Secured Mode of A 
'1'= In Secured Mode ~ ~pe atlo,;" (refer to the "Part 3 

n '-Security Specification"). 

508:502 Reserved for Security Functions (Refer to Part 3 Security Specification) 

501:496 reserved I 

495:480 SD_CARD_TYPE SR '00xxh'= SD M~mory Cards In the future, the 8 LSBs will A 
as defined by thi aocu ent be used to define different 
('x'=don't care). j V variations of an SD Memory 
The following ds are Card (Each bit will define 
currently defiQ_ed: different SD Types). The 8 

I I 

MSBs will be used to define '0000h'=1 Regula~SD 
RDIWR)Card. SD Cards that do not comply 

'00~ SD ROM Card with the Physical Layer 
'0002h'=OTP Specification. 

479:448 SIZE_OF _PROTECTE SR( ~ ize ~ j ected area (See below) A 
D AREA 

447:440 SPEED_CLASS I'---.. s~ Spee) Class of the card (See below) A 

439:432 PERFORMANCE MC) s, Performance of move (See below) A - \ VE indicated by 1 [MB/s] step. 

431:428 AU_SIZE \ SR Size of AU (See below) A 
427:424 reserved-. \ \ 
423:408 ERASE_SIZE '\_ \ SR Number of AUs to be erased (See below) A 

at a time 

407:402 ,~_TIMEO)l SR Timeout value for erasing (See below) A 
areas specified by 
UNIT _OF _ERASE_AU 

401:400 I 
~~\SET 

SR Fixed offset value added to (See below) A 
erase time. 

399:396 UHS SPEEID GRADE 
- I -

SR Speed Grade for UHS mode (See below) A 
395:392 UH~Al:::I_SIZE SR Size of AU for UHS mode (See below) A 
391:312 reserved 

311:0 reserved for manufacturer 

Table 4-43: SD Status 
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• SIZE_OF _PROTECTED_AREA 
Setting this field differs between SDSC and SDHC/SDXC. 
In case of SDSC Card, the capacity of protected area is calculated as follows: 

Protected Area= SIZE_OF _PROTECTED_AREA_ * MULT * BLOCK_LEN. 
SIZE_OF _PROTECTED_AREA is specified by the unit in MULT*BLOCK_LEN. 

In case of SDHC and SDXC Cards, the capacity of protected area is calculated ar\ follows: 
Protected Area = SIZE OF PROTECTED AREA ! 
SIZE_OF _PROTECTED_AREA is specified by the unit in byte. \.) 

• SPEED_CLASS I\ R 
This 8-bit field indicates the Speed Class. Classes lower than ipdicati d by tttjJ field are also effective. 
For example, Class 10 is indicated, host should consider Class Q to 6 is also effective. 

SPEED CLASS Value Definition 
00h Class 0 
01h C,lass 2 ( I , " " 
02h Class 4 / t') ' 
03h Class 6 \VJ:" 
04h Class 10 (" 

05h-FFh ( Reserwed .,, \ 

Table 4-44: Speed Class ]Co(Je Field 
r---.. ) 

Application Note: ( ( \ ...__,,, 
If a Class value indicated in SD Status (induding \reserved value) is larger than that of host 
supported, the host should read as any Class can be used with the card. 

• PERFORMANCE MOVE /) ~ 
This 8-bit field indicates Pm and thevallle an be set by 1 [MB/sec] step. If the card does not move 
used RUs, Pm should be considetea as...jnfinity. Setting to FFh means infinity. The minimum value of 
Pm is defined by in Table\4-45_ R_m isdeffned for Class 2 to 6 in Default Speed Mode. When host uses 
Class 10, Pm indicated in SD Status shall be ignored and treated as 0. 

PERFORMANCE_MOVE Value Definition 
00h Sequential Write 
01h \ 1 MB/sec 
02h 2 MB/sec 

254 [MB/sec] 
Infinity 

Table 4-45: Performance Move Field 
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