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require a separate license from the SDA, SD Group, SD-3C, LLC or other third parties.
Conventions Used in This Document

Naming Conventions
e 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
e Hexadecimal numbers are written with a lower case "h" suffix, e.g., FFFFh and 80h.
e Binary numbers are written with a lower case "b" suffix (e.g., 10b).
¢ Binary numbers larger than four digits are written with a space dividing each group.of four digits, as in
1000 0101 0010b.
o All other numbers are decimal.

Key Words
o May: Indicates flexibility of choice with no implied recommendation or)requirement.
e Shall: Indicates a mandatory requirement. Designers shallimplement such mandatory requirements

to ensure interchangeability and to claim conformance/with the specification.

e Should: Indicates a strong recommendation but not a mandatory requirement. Designers should give
strong consideration to such recommendations, but there’is still a choice in implementation.

e Reserved: Indicates a bit, byte, field, and value that are set'aside for future standardization or other
usage. A reserved bit, byte, or field shall be set to.zero unless specified differently in this
specification, or in accordance with a future extension to this or other standards. Hosts and
Cards are not required to check reserved bits, bytes, or fields for zero values. Values that are
reserved for future standardization shall'not be specified by hosts and cards.

Application Notes
Some sections of this document provide guidance to-the host implementers as follows:

Application Note:
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 may 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 cipher algorithm" to protect against
illegal usage of the card content. A Non-secure access to the user's own content|is-also available.

SD memory cards may also support a second security system based on commonly used standards, such
as ISO-7816, which can be used to interface the SD memory card into public networks and other systems
supporting mobile e-commerce and digital signature applications.

In addition to the SD Memory Card, there is the SD I/O (SDIO) Card. The SDIO, Card specification is
defined in a separate specification named: "SDIO Card Specification” that\.can be obtained from the SD
Association. The SDIO Specification defines an SD card that may contain interfaces between various /O
units and an SD Host. The SDIO card may contain memory. storage 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 software. The'intent of the SD 1/O card is to provide
high-speed data I/O with low power consumption for mobile electronic devices. A primary goal is that an
I/O card inserted into a non-SDIO aware host will cause no physical damage or disruption of that device
or its software. In this case, the 1/0 card should simply be.ignored. Once inserted into an SDIO aware
host, the detection of the card will be via the normal means described in the given Physical Layer
Specification with some extensions that are described in the'SDIQ Specification.

The basic SD Memory Card communication is based on 9-pin interface (Clock, Command, 4xData and
3xPower lines) designed to operate in at maximum. operating frequency of 208 MHz and low voltage
range. Additional communication methods, based ‘ondifferential signaling interface (UHS-II and
PCle®/NVMe™) are specified as optional.The \communication protocol is defined as a part of this
specification unless specified otherwise (i.e. PCle and NVMe cases).

The SD Specifications are divided into several-documents. The SD Specifications documentation
structure is given in Figure 1-1.

Application Specifications

Part 4 Audio Part8Video | ------------mmmmoo Other Applications

Part 2 File System

, Part 1\ Physical Layer
Part 3 Seécurity |\|  yns-Ii Addendum Azsgnﬁld Part E1 SDIO
Low Voltage Interface Addendum s ity SD
Mechanical Addenda ecurlty.
eSD Addendum (Embedded) Extension

Figure 1-1 : SD Specifications Documentation Structure

® Audio Specification:
This specification,/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).
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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 SD Memary Card, its environment,
and handling.
The document is divided into several portions. Chapter 3 gives a general 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 product documentation |in parallel. The card
registers are described in Chapter 5.
Chapter 6 defines the electrical parameters of the SD Memory Card's‘hardware interface.

Mechanical Specification described in Chapter 8 in Version—2.00 is_moved to the Standard Size
Mechanical Addendum.
There are three mechanical addenda depend on form factors,

(1) Standard Size Mechanical Addendum

(2) miniSD Mechanical Addendum

(3) microSD Mechanical Addendum

UHS-II Interface Specification is defined by the UHS-II Addendum.

SD Express Interface Specification is defined by the SD-Physical Specification — introduced in Version
7.0.

The definitions for either UHS-II or SD Express interfaces are independent of a specific form factor unless
it is stated as applicable to specific form factor only.

Un-removable memory device for embedded application is defined by the eSD Addendum.

As used in this document, "shall" or "will",denote’a mandatory provision of the standard. "Should" denotes
a provision that is recommended but/is not mandatory. "May" denotes a feature, which may or may not
be present-at the option of the implementer-and whose presence does not preclude compliance.

* Mc-EX Interface Specification: (This.section was added in version 1.10)
Part A1 of the SD memory card specification (Refer to Figure 1-1) serves as an extension to the SD card
Physical Layer Specification and provides 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 SDIO are specified based on the Physical Layer Specification and
modifications and extensions are described in the Part E1 SDIO Specification.
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2. System Features

o Targeted for portable and stationary applications

e 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 including 32GB
(3) Extended Capacity SD Memory Card (SDXC): More than 32GB and up to\and including 2TB
(4) Ultra Capacity SD Memory Card (SDUC): More than 2TB and up to and including 128TB

¢ \/oltage range:
High Voltage SD Memory Card — Operating voltage range: 2.7-3:6 V
UHS-II SD Memory Card — Operating voltage range VDD1: 2.7-3.6 V,VDD2: 1.70-1.95V
SD Express Memory Card - Operating voltage range VDD1; 2.7-3.6 V/'VDD2: 1.70-1.95V and
optional VDD3: 1.14-1.30V (operated instead of VDD2 ii-supported).

¢ Designed for read-only and read/write cards.

e Bus Speed Mode - using 4 parallel data lines
(1) Default Speed mode: 3.3V signaling, Frequency up t0'25'MHz, up to 12.5 MB/sec
(2) High Speed mode: 3.3V signaling, Frequency up to-50 MHz, up to 25 MB/sec
(3) SDR12: UHS-I 1.8V signaling, Frequency/upto\25 MHz, up to 12.5MB/sec
(4) SDR25: UHS-I 1.8V signaling, Frequency up to 50 MHz, up to 25MB/sec
(5) SDR50: UHS-I 1.8V signaling, Frequency up to/400 MHz, up to 50MB/sec
(6) SDR104: UHS-I 1.8V signaling, Frequency up to 208 MHz, up to 104MB/sec
(7) DDR50: UHS-I 1.8V signaling, Frequency up to 50 MHz, sampled on both clock edges, up to
50MB/sec

e Bus Speed Mode - using UHS-II Differential Interface lines
(1) UHS156: UHS-II RCLK Frequency Range 26MHz - 52MHz, up to 1.56Gbps per lane.
(2) UHS624: UHS-Il RCLK Fregquency Range 26MHz- 52MHz, up to 6.24Gbps per lane.

e Bus Speed Mode - using PCle Differential Interface lines
(1) PCle with Gen 3 1 lane - Up to 985MBJ/s.
(2) PCle with'Gen 3 2 lanes - Up to 1,969MBY/s.
(3) PCle with Gen 4 1 lane - Up to 1,969MBY/s.
(4) PCle with'Gen 4 2 lanes - Up to 3,938MBY/s.

¢ Switchifunction.command supports Bus Speed Mode, Command System, Drive Strength, and future
functions

e Correction of memory field errors

e Card removal-during read operation will never harm the content

e Content Protection Mechanism - Complies with highest security of SDMI standard.
e Password Protection of cards (CMD42 - LOCK_UNLOCK)
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Write Protect feature using mechanical switch

Built-in write protection features (permanent and temporary)

Card Detection (Insertion/Removal)

Application specific commands

Comfortable erase mechanism

Features of the SD Express card:

o PCI Express® (PCle) Gen 3 or Gen 4; 1 lane or 2 lanes

Dual simplex point to point serial connection

For Gen3x1 bus, two differential /0 (1 RX / 1 TX) of 8Ghps.transfer, producing up to 985MB/s
for each direction (~1.5% overhead due to 128/130 encoding)

For Gen3x2 bus, four differential I/O (2 RX / 2 TX) of 8Gbps transfer; producing up to 1,969MB/s
for each direction (~1.5% overhead due to 128/130 encoding)

For Gen4x1 bus, two differential I/O (1 RX /1 TX) of 16Gbps transfer, producing up to 1,969MB/s
for each direction (~1.5% overhead due to 128/130 encoding)

For Gen4x2 bus, four differential I/O (2 RX / 2 TX)-.of 16Gbps transfer, producing up to 3,938MB/s
for each direction (~1.5% overhead due to 128/130 encoding)

Hot plug-in/out support

Identified as standard Mass storage controller--NVM/Express™ device

o NVM-Express revision 1.3 or later supported over the PCle interface

Mandatory to support revision 1.3 and optional®® to support features from revision 1.3a, 1.3b, 1.3c,
1.3d or1.4.

NVMe is light protocol — built forperformance

All the optional standard features of PCle and NVMe standards may be implemented by host
and/or card if they wish to (up_toiimplementation). Following is a partial list:

- Host Memory Buffer supported by NVMe

- NVMe with multi queues and no locking mechanism

o Legacy SD UHS-I interface is supported for backward compatibility (with limited features as
described in Sections 8.1.4,8.1.5and 9)

Protocol attributes of the basic SD communication channel:

8D Memory Card Communication Channel

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

Error-protected data transfer

Single or Multiple block oriented data transfer

e SD Express card supports NVMe!" protocol (revision 1.3 or later®) over the PCle® interface

¢ SD Memory Card Form-factor
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There are three Part 1 mechanical addenda as follows:
Standard Size SD Memory Card: Specified in "Part 1 Standard Size SD Card Addendum"
miniSD Memory Card: Specified in "Part 1 miniSD Card Addendum"
microSD Memory Card: Specified in "Part 1 microSD Card Addendum"

e Standard Size SD Memory Card thickness is defined as both 2.1 mm (normal) and 1.4 mm (Thin
SD Memory Card).

(1) NVM Express ™ (word mark) and NVMe™ (word mark) are trademarks of NVM Express, Inc.
NVM Express, Inc. defines the NVM Express standard and specifications.
Contact-NV/M Express, Inc. for further information URL: http://nvmexpress.org/.

(2) PCI-SIG®, PCle® and PCI Express® are registered trademarks of PCI-SIG.
The PCI-SIG defines the PCI Express standard and specifications.
Contact the PCI-SIG for further information URL: https://pcisig.com/.
PCI-SIG®, PCle® and PCI Express® are registered trademarks of PCI-SIG.

(3) Itiswrecommended for SD Express 8.0 hosts to support NVM Express revision 1.3d or 1.4 to avoid
any compatability issues with SD Express cards using earlier revisions.



http://nvmexpress.org/
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3. SD Memory Card System Concept

3.1 Read-Write Property

In terms of read-write property, two types of SD Memory Cards are defined:

e Read/Write (RW) cards (Flash, One Time Programmable - OTP, Multiple Time Programmable - 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

e Read Only Memory (ROM) cards. These cards are manufactured with fixed data content. They are
typically used as a distribution media for software, audio, video efc.

3.2 Supply Voltage

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.

e UHS-II SD Memory Card that can operate the voltage rangesVVDD1:2.7-3:6 V, VDD2: 1.70-1.95V

¢ Low Voltage Signaling (LVS) Cards that can operate the supply voltage range of 2.7-3.6V, but signaling
voltage range of the non-differential interface is 1.70-4.95V.

e SD Express Memory Card that can operate under voltage range ) VDD1: 2.7-3.6 V, VDD2:1.70-1.95V
(mandatory) and optional VDD3: 1.14-1.30V that may be used.instead VDD?2, if supported.

3.3 Card Capacity

3.3.1 User Area and Protected Area

Non CPRM Card means Regular Writeable SD Card (SDSC/SDHC/SDXC/SDUC) that does not support
the CPRM security. For Non CPRM Cards, the \Protected Area cannot be accessed.

Security Supported SD Memory Card hastwo accessible independent areas: User Area and Protected
Area. User Area is main memory area and Protected Area can be accessed by the authentication defined
by the Part 3 Security Specification. Card Capacity means the sum of User Area Capacity and Protected
Area Capacity. Since SDUC does not support.security, the size of Protected Area is set to 0 and it cannot
be accessed.

3.3.2 Card Capacity Classification

In terms of card capacity, three types-of SD Memory Cards are defined:

e Standard Capacity SD Memory Card (SDSC) supports capacity up to and including 2 G bytes (23
bytes). All versions of the Physical Layer Specifications define the Standard Capacity SD Memory Card.

e High Capacity SD.Memory Card (SDHC) supports capacity more than 2 G bytes (23! bytes) up to and
including 32 G-bytes.and is defined from the Physical Layer Specification Version 2.00.

e Extended Capacity.SD Memory Card (SDXC) supports more than 32 G bytes (2% bytes) up to and
including 2TB:

e UltraCapacity SD Memory Card (SDUC) supports more than 2 T bytes (2*' bytes) up to and including
128TB.

Note:

1.The Part 1 Physical Layer Specification 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 SD Memory Cards to have capacity up to and including 32 GB and Extended
Capacity SD Memory Card to have capacity up to 2 TB.

2.Hosts that can access (read and/or write) SD Memory Cards with a capacity greater than 2 GB and
up to and including 32 GB, shall also be able to access SD Memory Cards with a capacity of 2 GB
or less.
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3. Hosts that can access (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
e Class 0 - 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
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

)
)
)
)

Note that the unit of performance [MB/sec] indicates 1000x1000 [Byte/sec]while the unit of data size [MB]
indicates 1024x1024 [Byte]. This is because the maximum SD Bus speed is specified by the maximum
SD clock frequency (25 [MB/sec] = 25000000 [Byte/sec] at 50 MHz) and data size is based on memory
boundary (power of 2).

3.5 Bus Topology
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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 sent from the host either
to a single card (addressed command) or to all connected cards (broadcast-command). A command
is transferred serially on the CMD line.

Response: a response is a token that is sent from an addressed card, or.(synchronously) from all
connected cards, to the host as an answer to a previously received command. A response is
transferred serially on the CMD line.

Data: data can be transferred from the card to the host or vice versa: Data is transferred via the data
lines.

from from from
host host card
to card(s) to card to host

CMD Command ............................ Command .. response ...............................

DAT b N

Figure 3-4 : "no response" and "no data" Operations

Card addressing is implemented using a session address, assigned to the card during the initialization
phase. The structure of commands, responses and data blocks is described in Chapter 4. The basic
transaction on the SD bus is the command/respense 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 block operationsare defined. Note that the Multiple Block operation mode
is better for faster write operation. A multiple block transmission is terminated when a stop command
follows on the CMD line. Data transfer €an be configured by the host to use single or multiple data lines.

CMD Command . response ............................................... Command .. response

DAT -}/ o data block .ldata blocklcrct---| data blocklecre]- - oot
N\ block|read operation. ... .. . data stop operation.. .,
e NN f multiple block read operation . »

from from data from card stop command
host card to host stops data transfer
to card to host

Figure 3-5 : (Multiple) Block Read Operation

The block wtite opération uses a simple busy signaling of the write operation duration on the DATO data
line (see Figure 3-6) regardless of the number of data lines used for transferring the data.
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crc ok
response
from from data from and busy stop command
host card host from stops data trans-
to card to host to card card fer
to host
CMD Command . . response ............................................. Command .. response

..... data block |crcl|{|busy

DAT i data block |crc].-

Figure 3-6 : (Multiple) Block Write Operation

Command tokens have the following coding scheme:

transmitter bit:

'I'= host command Command content: command and address infermation
or parameter, protected by 7 bit CRC checksum
end bit:

start bit: e
always'()\ l l f always '1
v

0 |1 CONTENT CRC 1

total length=48 hits

Figure 3-7 : Command Token Format

Each command token is preceded by a start bit (0)-and succeeded 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 schemes, depending on their content. The token length is either
48 or 136 bits. The detailed commands and-response definition is given in Section 4.7. The CRC
protection algorithm for block data isa 16-bit. CCITT polynomial. All allowed CRC types are described in
Section 4.5.

transmitter bit:
'0'=card response Respoense content: mirrored command and status infor-

mation (RX response), OCR register (R3 response) or
RCA'(R6), protected by a 7bit CRC checksum end bit:

start bit: e
always0' ‘w i f always '1
0

0 CONTENT 1
end bit:

total length=48 bits Kamays EE

0 0 CONTENT=CID or CSD CRC| 1
total length=136 bits

R1, R3,R6

R2

Figure 3-8 : Response Token Format

In the CMD line the 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 format 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)

7 End
b b0 Start bit bit
\/\
3rd Byte pato | O [ HhevE !’gfge\/ BN minBye | CRCI1
167 |06 |b5 [b4 [b3 [b2 [b1[b0 | lo7 |b6 b5 b4 [b3 [ b2 [b1 b0 |
n th Byte Data Packet Formatfor Standard Bus (only DATO used)
8bit width Data
1stByte 2nd Byte 3rd-Byte n'th Byte End

Ex Start bit Data Data Data Data Rﬁ\

[SDIO] \’\ — ( \
CMD53 DAT3 | 0 |b7 |b3 [BB8N b7 [b3 | -+ [b7 [b3 [ cre [ 1]

[SD memory]
CMD17, CMD18,
CMD24, CMD25, pat2 [ o [be [b2 [ delBA b6 [b2] --- [vs [b2 [cre [1]
ACMD18, ACMD25,
et patz [0 5 fod JBSIBT]l65 b2 .- [bs Jor][cre [1]
pato |0 Jba e PallB0o4]bo | ... [os [oo][ cre [ 1]

Data Packet Format for Wide Bus (all four lines used)

Figure 3-9 : Data' Packet Format - Usual Data

10
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2. Data Packet Format for Wide Width Data (Ex. ACMD13)

b511 b0
Wide Width
Data \’\

DATO
[SD memory]

ACMD13(SD Status), Data Packet Format for Standard Bus (only DATO used)

ACMD51(SCR),

etc .

Start bit End bit

H Y
e o]

Data Packet Format for Wide Bus (all four lines used)
Figure 3-10 : Data Packet Format - Wide Width Data

3.6.2 SPI Bus Protocol
Details of the SPI Bus protocol are described’in Chapter 7.

3.6.3 UHS-II Bus Protocol
UHS-II Bus protocol is defined.in the-UHS-Il Addendum.

3.6.4 PCle/NVMe Bus Protocol

The PCle and NVMe protocols are defined by the PCle and NVMe specifications listed in appendix A.2
except for the details captured'in'this document.

11
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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.

 ERNINNL
012345678
9

SD Memory
Card

wp

Figure 3-11 : SD Memory Card Shape and Interface (Top View)

Figure 3-11 shows the general shape of Standard Size and interface contacts of the SD Memory Card.
The detailed physical dimensions and mechanical description are given in’Part 1 Mechanical Addendum.
MicroSD and miniSD form factors are available as‘well. Their. physical dimensions, mechanical
description as well as pin assignment are given in Part'1 microSD\Card Addendum and Part 1 miniSD
Card Addendum.

Table 3-1 defines the card contacts:

Pin # SD Mode SPI Mode
Name Type! Description Name |Type' |Description
1 CD/DAT3? | I/O/PP3 | Card Detect/ CS I3 Chip Select (neg true)
Data Line [Bit 3]
2 |CMD I/O/PP Command/Response | DI I Data In
3 VSS1 S Supply voltage-ground || VSS S Supply voltage ground
4 |VDD S Supply-voltage VDD S Supply voltage
5 |CLK I Clock SCLK I Clock
6 |VSS2 S Supply,voltage ground | VSS2 S Supply voltage ground
7 | DATO I/O/PP Data Line [Bit 0] DO O/PP | Data Out
8 | DAT14 I/O/PP Data Line [Bit 1] RSV
9 |DAT2° I/Q/PP Data Line [Bit 2] RSV

1) S: power supply; I: input; Q: output using push-pull drivers; PP: I/O using push-pull drivers;

2) The extended 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 power up this linehas’a 50KOhm pull up enabled in the card. This resistor serves two functions Card detection and
Mode Selection. For Modé Selection, the host can drive the line high or let it be pulled high to select SD mode. If the host
wants to sefect SP| mode it should drive the line low. For Card detection, the host detects that the line is pulled high. This
pull-up should be disconnected by the user, during regular data transfer, with SET_CLR_CARD_DETECT (ACMDA42)
command

4) DAT1 line maybe 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 the
card and approved by the host during initialization (See 5.4). Mandatory.

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 SD Memory Card's Special Fea-
tures capabilities (See 5.6). Mandatory

OCR 32 Operation conditions register (See 5.1). Mandatory.

SSR 512  ISD Status; information about the card proprietary features (See 4.10.2).
Mandatory

CSR 32 Card Status; information about the card status/(See 4.10.1). Mandatory

(1) RCA register is not used (available) in SPI mode

Table 3-2 : SD Memory Card Registers

The host may reset the cards by switching the power supply/off and on again. Each card shall have its
own power-on detection circuitry that puts the' card.into a-defined state after the power-on. No explicit
reset signal is necessary. The cards can also be reset by sending the GO_IDLE (CMDQO) command.

LT

’ DAT2 CMD CLK  pATO
CD/DAT3 In@éce diiver e DAT1

OCR[31:0]
CID[127:0}
RCA[15:0] Card

2 interface
DSR[15:0] controller
CSD[127:0] reset
SCR[63:0]
SSR[511:0] |4
CSR[31:0] |&b

‘_

Power on detection ‘

X
A 4

’ Memory core interface resetk—

Memory core

Figure 3-12 : SD Memory Card Architecture
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3.7.2 UHS-II Pin Assignment
UHS-II Card shape is the same as SD Cards and UHS-II Interface is assigned to pads on the second row
as well as sharing a few of the pads in first row.

6

12 34

5
] lIII o

10111213 14151617 ]

SD Memory Card

Figure 3-13 : UHS-II Card Shape and Interface (Top View)

Figure 3-13 shows the shape of Standard Size and interface/contacts of the UHS-II SD Memory Card.
The detailed physical dimensions and mechanical description are given in'Part 1 Mechanical Addendum.
UHS-II in microSD card form factor is available as well. Its.physical dimentions, mechanical description
as well as pin assignment are given in Part 1 microSD Card Addendum..

Table 3-3 defines the contacts for UHS-II. SD bus contact Pins 7 and 8 are used for RCLK. The first row
contacts in non UHS-II mode are equivalent to Table 31, Regarding PHY 1/O Type, refer to UHS-II
Addendum for more details.

Pin# | Name | Type Description
4 VVDD1 Supply voltage 2.7V to 3.6V
7 RCLK+ | Differential Signaling: Input Clock Input
8 RCLK- | Differential Signaling: Input Clock Input

10 VSS3 | Ground
11 DO+ Differential Signaling; Input (FD) / Bidirectional (HD) Input in default

12 DO- Differential Signaling: Input (FD) / Bidirectional (HD) Input in default
13 VSS4 | Ground

14 VDD2 | Supply Voltage 2 1.70V to 1.95V
15 D1- Differential Signaling: Output (FD) / Bidirectional (HD) | Output in default

16 D1+ Differential Signaling: Output (FD) / Bidirectional (HD) | Output in default
17 VSS5 | Ground

Table 3-3 : UHS-Il Interface Pad Assignment

UHS-II Card shall not drive unused lines of SD I/F in UHS-Il mode. (CLK, CMD and DAT[3:2]. DAT[2]
may be used as interrupt line in case of UHS-II SDIO Card. In this case, card controls DAT[2] level.)
Host shalinot leave these unused lines floating, but keep them at a defined high or low level. How to keep
line level is dependent on host implementation. For example, use pull-up resistor or host drives the lines
to low\level without proeviding pull-up voltage. As DAT[1:0] are used for providing RCLK, individual line
control is-required to use pull-up method for CMD and DAT[3:2]. CLK (without pull-up resistor) should be
driven to low:

In case of entering hibernate mode, unused lines shall be set to low before turning off VDD1.

14



Physical Layer Simplified Specification Version 8.00

3.7.3 1-Lane SD Express Pin Assignment
The SD Express Card shape is the same as SD Cards; the PCle/NVMe Interface is assigned to pads on
the second row as well as sharing some of the pads in the first row.
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Figure 3.7.3-14 : 1-Lane SD Express Card Shape and Interface (Top View)

Figure 3.7.3-14 shows the shape of 1-Lane SD Express card and its interface contacts for standard size
SD card form factor. The detailed physical dimensions and mechanical description are given in Part 1
Mechanical Addendum.
SD Express in microSD card form factor is available as well. lts physical dimentions, mechanical
description as well as pin assignment are given in Part 1 ' microSD Card Addendum.

Table 3.7.3-1 defines the contacts for PCle interface in case of supporting PCle 1 lane. SD Express card
shall support the basic SD interface allowing operation of the card in non-PCle mode. The first row
contacts is used by the basic SD mode (non<PCle . mode) and are equivalent to Table 3-1. Note that SD
bus contact Pins 7 and 8 are used for REFCLK of PCle interface and contact Pins 9 and 1 are used for
CLKREQ# and PERST# respectively:

Pin# | Name Type Description
1 PERST# Inputsignal (active low) PE-Reset is a functional reset to the card as
defined by the PCle Mini CEM specification.
4 VDD1 Supply voltage 2.7V to 3.6V
7 REFCLK+ | Differential Signaling: Input Clock Input
8 REFCLK- | Differential Signaling: Input Clock Input
9 CLKREQ# | 1/O (active low, open drain) Reference clock request signal. Also used
by L1 PM substates
10 VSS3 Ground
11 PCle TX+ | Differential Signaling Card Input
12 PCle TX- /| Differential Signaling Card Input
13 VSS4 Ground
14 VDD2 Supply Voltage 2 1.70V to 1.95V
15 PCle RX- | Differential Signaling Card Output
16 PCle RX+ | Differential Signaling Card Output
17 VSS5 Ground
18() | VDD3 Supply Voltage 3 1.14V to 1.30V (optional)
19@ | VDD1a Supply Voltage 4 2.7V to 3.6V
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Note: (1) Pin #18 can be implemented when card supports VDD3. VDD3 is reserved for
Standard Size SD Express.
(2) Pin #19 is available only when SD Express card is compliant to Part 1 Physical
Specification Ver 8.00 with PCle Gen4 (Pin #19 does not exist for SD Express Card
compliant to Part 1 Physical Specification Ver.7.XX with PCle Gen3).
Table 3.7.3-1 : 1-Lane SD Express Interface Pad Assignment

SD Express Card shall not drive unused lines of SD I/F in PCle mode.
Host shall not leave these unused lines floating, but keep them at a defined high or low.level. How to keep
line level is dependent on host implementation. CLK (without pull-up resistor) should be driven to low.

Pin functionality of the out-of-band signalling of the PCle interface.- CLKREQ# and/PERST# is defined in
PCle standard. The existing card detection switch mechanism described. in. the-Mechanical Addendum
may be used by hosts as the Card Presence Detect in a similar fashjon as PRSNT2# and PRSNT1# lines
used for HW hot plug-in/out detection defined in PCle specifications.

If such a card detection switch is used logic ‘1’ to ‘0’ shall' be 'detected by host when card is inserted into
SD PCle host and transition from ‘0’ to “1” when SD Express.card is removed.

3.7.4 2-Lane SD Express Pin Assignment

||||||||]

v 23 456 78

J||n||n|§

111243 34 1516 17 18

20 212322 24 296

SBD Memory Card

Figure 3.7.4-1 : 2-Lane SD Express Card Shape and Interface (Top View)

Figure 3.7.4-1'shows the shape of 2-Lane SD Express card and its interface contacts for standard size
SD card form-factor. The \detailed physical dimensions and mechanical description are given in Part 1
Mechanical Addendum.
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Table 3.7.4-1 defines the contacts for PCle interface in case of having PCle 2 lanes. 2-Lane SD Express

©Copyright 2001-2020 SD Card Association

card also shall support the basic SD interface allowing operation of the card in non-PCle mode.

Pin# | Name Type Description
1 PERST# Input signal (active low) PE-Reset is a functional reset to the card
as defined by the /PCle Mini CEM
specification.
4 VDD1 Supply voltage 2.7V to 3.6V
7 REFCLK+ Differential Signaling: Input | Clock Input
8 REFCLK- Differential Signaling: Input | Clock Input
9 CLKREQ# I/O (active low, open drain) | Reference clock request” signal. Also
used by L1 PM substates
10 VSS3 Ground
11 PCle TX0+ Differential Signaling Card Input; lane 0
12 PCle TXO- Differential Signaling Card Input;lane 0
13 VSS4 Ground
14 VDD2 Supply Voltage 2 1.70V to 1.95V
15 PCle RX0- Differential Signaling Card Qutput; lane 0
16 PCle RX0+ Differential Signaling Card Output; lane 0
17 VSS5 Ground
18" | VvDD3 Supply Voltage 3 1.14\to 1.30V (optional)
19@ | VDD1a Supply Voltage 4 2.7V to 3.6V (mandatory)
20 VSS6 Ground
21 PCle TX1+ Differential Signaling Card Input; lane 1
22 PCle TX1- Differential Signaling Card Input; lane 1
23 VSS7 Ground
24 VDD2a Supply Voltage 5 1.70V to 1.95V
25 PCle RX1- Differential Signaling Card Output; lane 1
26 PCle RX1+ | Differentiab Signaling Card Output; lane 1
27 VSS8 Ground

Note: (1) Pin #18 can be implemented when card supports VDD3. VDD3 is reserved for
Standard Size SD Express.
(2) Pin #19 and #24 are mandatory in 2-Lane SD Express card.

Table 3.7.4-1 : 2-Lane SD Express Interface Pad Assignment

SD I/F treatment in-PCle mode, 'out-of-band signals functionalitiy and card detection recommendation

given in Section-3.7.3 are applicable for 2-Lane SD Express Card.
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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
CCChit 4 0 Class4 blockwrite
CSD CCChit5 0 Classb erase
CCC bhit 6 0 Class6.write protection
CCChit7 Oorl Class? lock card
PERM_WRITE_PROT |1 Permanent Write Protect
SCR SD SECURITY Oor2or3or4 | Security is/optional.

Table 3-4 : Register Setting Requirements for ROM Card

3.8.2 Unsupported Commands
The ROM Card shall treat following commands as unsupported and.illegal command.
CMD24, CMD25, CMD27, CMD28, CMD29, CMD30,-¢MD32; CMD33, CMD38

3.8.3 Optional Commands

The ROM Card can support following commands as optional command.
CMD42, security commands

e |[f CMDA42 is not supported, bit 7 of CCC shall be-set to 0. CMD42 is treated as illegal command.
e When ROM card supports CMD42, "Unlocking the card" and "Locking the card" functions shall be

supported by presetting the password. LOCK_UNLOCK_FAILED is indicated when receiving the
other unsupported functions of CMD42.

¢ If security is not supported, SD SECURITY shall be set to 0. The security commands are treated as
illegal command.

e ROM card does not support write-and erase to the protected area. Refer to Part 3 Security
Specification about security command support of ROM card.

3.8.4 WP Switch

A full-size ROM/card.does not have WP Switch. Refer to Figure 3-8 in the Part 1 Standard Size SD Card
Mechanical Addendum Ver1.00.
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3.9 Ultra High Speed Phase | (UHS-I) Card

©Copyright 2001-2020 SD Card Association

UHS-I 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

DS - Default Speed up to 25MHz 3.3V signaling
HS - High Speed up to 50MHz 3.3V signaling
SDR12 - SDR up to 25MHz 1.8V signaling
SDR25 - SDR up to 50MHz 1.8V signaling
SDR50 - SDR up to 100MHz 1.8V signaling
SDR104 - SDR up to 208MHz 1.8V signaling
DDR50 - DDR 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-I supports two card Types:
¢ UHS50
¢ UHS104

UHS-I is not applied to SDSC card but can be applied to-SDHC, SDXC and SDUC card.

Figure 3-14 and Figure 3-15 show UHS-I supported modes!

DDRS50 is mandatory for microSD form factor and optional

for Standard size SD form factor

DS | DS: Default Speed Mode
HS | HS: High Speed Mode
UHS50 Card | SDR12 | !
SDR25 /I Signal Voltage
SDR50 / | | 3.3v || 18v |
DDR50 | ;
[ Ds | 5 i
HS i
SDR12 | :
UHS104 Card SDR25. |
\ \ SDR50
SDR104
"\ DDR50 | :
25MHz  50MHZ 100MHz 208MHz . requency

Figure-3-14 : UHS-I Card Type Modes of Operation versus Frequency Range

19



©Copyright 2001-2020 SD Card Association
Physical Layer Simplified Specification Version 8.00

Tl DS: Default Speed Mode
HS | HS: High Speed Mode
UHS50 Card | SDR12 | !
SDR25 | Signal Voltage
SDR50 | 3.3v || 1.8V |
DDR50
DS : !
HS i
SDR12 | :
UHS104 Card SDR25 |
SDR50 |
SDR104 AN N/
DDR50 | )
12MB/s _25MBJs 50MB/s 10aMB/s . Throughput

Figure 3-15 : UHS-I Card Type Modes of Operation versus Throughput

3.9.3 UHS-I Host and Card Combination
Host may use SDR50, DDR50 and SDR104 modes with either UHS50 Card or UHS104 Card.
Table 3-5 shows usable UHS performance depends ‘'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 host doesn't support SDR104 mode, performance is limited to 50MB/s
(SDR104 mode cannot be used).
Host may use DDR50 mode with UHS50 Card and UHS104 Card in microSD form factors.

Host types:
SDR-FD - SDR signaling, fixed-delay (can't use tuning)
SDR-VD — SDR signaling; variable-delay (can use tuning)
DDR — DDR signaling

Host type |\ osT-SDR-FD HOST-SDR-VD HOST-DDR
Card type (SDR, fixed-delay) (SDR, variable-delay) (DDR)
U;’q?ggggrd SDR50 < 100MHz | SDR50 < 100MHz + tuning | DDR50 < 50MHz
URS104 card, |"sipsg < 1gomHz | SPR1045208MHz+ | piesg < 5oMHZ
microSD tuning
UHSS0 card | | ghpsg < 100MHz | SDR50 < 100MHz + tuning Optional
Full-size SD
UHST04 card | o0men < 100MHg | SDR104 < 208MHz + Optional
Full-size SD tuning

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

Power on , ; ; , —
Once signal voltage is switched to 1.8V, the card continues 1.8V signaling
regardless of CMDO. Power cycle resets the signal voltage to 3.3V.

| | CMDO | After Switching 1.8V singling, the card cannot be changed to SPI mode.
| | CMD8 | | Host requests card to change 1.8V signal voltage by ACMDA41.
A status is indicated in the response whether voltage switch-is‘accepted.
| | AcmD41 |
If voltage switch is accepted by ACMD41, CMD11 invokes voltage switching
Cfit 2 It).
| | CMD11 | sequence. If it is completed, the card enters SDR12 (default)
|| cmp2 ||
v
|| cvp3 | |
| | CMD7 | | If the CARD_IS_LOCKED status is set'to 1 in the|response of CMD7,
v CMD42 is required before ACMDS to unlock the card.
| | cmp42
i %UHS-I supports only 4-bit mode. Host shall’select 4-bit mode by ACMD6. ]
| | ACMD6 | Driver Strength is selected by CMD6 Function Group 3.
¢ Bus Speed Mode is selected\by. CMD8 Function Group 1.
| | CMD6 | Current Limit is selected by, CMD6 Function Group 4.
i CMD19 sends in Wt the host to determine sampling point.
| | CMD19 | UHS50 and UKHS104 cards support CMD19 in 1.8V signaling. Sampling clock
i tuning is required H 4 host and optional for UHS50 host.

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

Figure 3-16 shows command.sequence to-use a UHS-I. After power cycle, card is in 3.3V signaling mode.
The first CMDO selects the bus mode; SD’mode or SPI mode. 1.8V signaling mode can be entered only
in SD mode. Once the card enters 1:8V signaling mode, the card cannot be switched to SPI mode or 3.3V
signaling without power cycle. If the_card receives CMDO, 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 requires low level signaling, UHS-I adopts 1.8V signaling level for SDR50, DDR50
and SDR104 modes:Still card is supplied with 3.3V by the host and 1.8V signaling level for SDCLK, CMD
and DAT[3:0] lines is.converted from 3.3V power line. To avoid voltage mismatch between host and card,
signaling level is changed by voltage switch sequence at the initialization. The host and card communicate
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 card enters UHS-
I mode ;and card input and output timings are changed (SDR12 in default) when the voltage switch
sequence-is completed/successfully. (Refer to Section 4.2.4 for more detail.)

Only 4-bit bus mode is supported in UHS-I except CMDA42. If the card is locked, host needs to unlock the
card by CMDA42 in 1-bit mode and then needs to issue ACMD6 to change 4-bit bus mode. Operating in
1-bit mode is not assured.

Host can choose 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.
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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.

3.9.5 UHS-I System Block Diagram

Figure 3-17 shows a typical UHS-I host system that supports removable cards. Host has clock generator
which supplies SDCLK to the card. In case of write operation, as clock direction and data direction is the
same, write data can be transferred synchronized with SDCLK regardless of transmission line delay. In
case of read operation, as clock direction and data direction is opposite, read data host received is
delayed by round-trip delay, output delay and latency of host and card. So receiving data is the most
critical for the host. Therefore, host needs to have sampling clock generator to receive response, CRC
status and read data block.

Simplified UHS-I Host Diagram Simplified UHS-I-Card Diagram
@ N
Clock Generator :D CLK ;D

v \4

Outgoing block Incoming block
DAT[3:0]
T CMD l 7 Flash

Memory
S CIEE —> Incoming block

Generator

Qutgoing block

& _J

Figure 3-17 : Host and Card Block Diagram

3.9.5.1 Variable Sampling Host
The host use variable sampling clock-generator to determine correct sampling point. The host can use
predefine tuning block stored in card-as an aid for finding sampling operating point. The host can use
CMD19 tuning command to read tuning block.
This method is applied to the whole frequency range. In lower frequency less than 25MHz, host needs to
access the card without tuning.

3.9.5.2 Fixed Sampling Host
The host uses/pre-determined sampling point. This method is available in up to 100MHz. HOST-SDR-FD
can make sampling clock by using clock loopback method (Implementation examples of HOST-SDR-FD
are shown in 0). UHS50 and UHS104 card shall be compliant to topy (max.) output delay constraint for
less than-100MHz frequency range.
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3.9.6 Summary of Bus Speed Mode for UHS-I Card
Table 3-6 shows the card requirements regarding Bus Speed modes selected by CMDG6 function group 1.
The maximum frequency and the maximum power are determined by CMDG6.

Bus Speed Max. Bus | Max. Clock Signal Max. Power?
Mode™ Speed Frequency Voltage W]
[MB/s] [MHz] vl SDXC'S /
SDSC™ SDHC™4 sbucC™
SDR104 104 208 1.8 - 2.88% 2.88'
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 0.72
SDR12 12.5 25 1.8 - 0.36 0.36/0.547
High Speed 25 50 3.3 072 0.72 0.72
Default Speed 12.5 25 3.3 0:36 0.36 0.36/0.547

*1: The card supports a UHS-I mode shall support all lower UHS-I/modes.

*2: Host may control power by the Power Limit function in‘CMD6_(Refer, to-Section 4.3.10.3).

*3: SDSC stands for SD Standard Capacity Memory Card and

*4: SDHC stands for SD High Capacity Memory Card.

*5: SDXC stands for SD Extended Capacity Memory Card.

*6: The actual maximum current may vary from the limijt described.inthis table. It is limited by the Mechanical
Addenda in the sections that define the thermal profile of the device and the connector profile.

*7: Host may select either maximum power by. XPC) in ACMD41 (Refer to Section 4.2.3.1).
In SPI mode, XPC is not supported and the power-shall be up to 0.36W (100mA at 3.6V on VDD1).

*8: SDUC stands for SD Ultra Capacity Memory Card.

Table 3-6 : Bus Speed Modes of UHS-I Card

DS - Default Speed up to 25MHz 3:3V signaling
HS - High Speed up to 50MHz\ 3.3V signaling
SDR12 - SDR up to 25MHz 1.8V signaling

SDR25 - SDR up to 50MHz 1.8V._signaling

SDR50 - SDR up to\100MHz 1.8V signhaling
SDR104 - SDR up to 208MHKz/1.8V signaling

DDR50 - DDR'up to.50MHz/1.8V signaling

Table 3-7 clarifies option / mandatory of bus speed mode for each card capacity type.

Card Classification DS HS SDR50 | SDR104 DDRS50
SDSC M O N/A N/A N/A
Non UHS-I M (©) N/A N/A N/A
UHS50 M M M N/A O (Standard SD)
SDHC M (microSD)
UHS104 M M M M O (Standard SD)
M (microSD)
Non UHS-I M O N/A N/A N/A
UHS50 M M M N/A O (Standard SD)
SDXC/SDbuC M (microSD)
UHS104 M M M M O (Standard SD)
M (microSD)
M: Mandatory, O: Optional, N/A: Not Available

Table 3-7 : Bus Speed Mode Option / Mandatory
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3.10 Ultra High Speed Phase Il (UHS-II) Card

3.10.1 UHS-II Card Operation Modes
SD Bus Interface Modes
DS - Default Speed up to 25MHz 3.3V signaling
HS - High Speed up to 50MHz 3.3V signaling
SDR12 - SDR up to 25MHz 1.8V signaling
SDR25 - SDR up to 50MHz 1.8V signaling
SDR50 - SDR up to 100MHz 1.8V signaling
SDR104 - SDR up to 208MHz 1.8V signaling (Optional)
DDR50 - DDR up to 50MHz 1.8V signaling (Optional for Stahdard Size Card)
UHS-II Interface Modes
e FD156 - Full Duplex mode up to 156MB/s at 52MHz in Range B
e HD312 - Half Duplex with 2 Lanes mode up to 312MB/s at 52MHz in Range B (Optional)
e FD312 - Full Duplex mode up to 312MB/s at 52MHz in Rahge .C
e FD624 - Full Duplex mode up to 624MB/s at 52MHz in Range D

3.10.2 UHS-II Card Type
UHS-II supports two card Type
The performance of UHS-II card is indicated based on./inFull Duplex' mode because HD312 is optional.
e UHS156: UHS-II Card with data rate up to 1.56Gbps’in. FD156 mode and up to 312Gbps in HD312
mode (Optional).
e UHS624: UHS-II Card with data rate up to 6.24Gbps.in FD624 mode

Bus mode
D—_Sl
High Speed | HS
) FD: Full Duplex
SDR50K ‘
UHS50 DDR50 HD: Half Duplex
UHS104 SDR104(
(] b FD156
UHS156 | | 1 4 |\ -
NN HD312
UHse24 | |1H | | FD624 —
0 12253950 78 104 156 288312 576 624 >
Throughput (MB/s)

Figure 3-18 : Interface Speed of UHS-Il Card (UHS156 and UHS624)
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3.10.3 UHS-Il Host and Card Combination

Host type UHS-II UHS-I UHS-II HD312 and FDB24
Card type FD156 only | HD312 supported FD624 only supported
UHS156
(HD312 not supported) up to 1.56Gbps up to 1.56Gbps up to 1.56Gbps up to 1.56Gbps
(HD3$;§J§§Oﬂed) up to 1.56Gbps | upto 3.12Gbps | upto 1.56Gbps | ‘upto 3.12Gbps
(HD312Ur|:)?2ﬁgP0rted) Up {0 1.56Cbps | upto156Gbps | w0 O-2fFbRe ypiob e
(HD612 suppore | P10 1956 | wp03120bps | uploG2achns | upios24cbps

Note: HD312 cannot be used in Ring Topology
Table 3-8 : UHS-Il Host and Card Combinations

3.10.4 UHS-II Interface Selection Sequence

UHS-II supported host shall support Legacy SD Bus Interface ((I/F) and UHS-II I/F. Removable UHS-II
card slot shall be connected to both I/Fs. Then UHS-II card may be-initialized not only in UHS-II 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-II card
are enabled. UHS-II 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-II initialization. If D1 lane is not changed
to STB.L by 200us timeout, host should initialize the card’in SD Bus I/F mode. As 200us for STB.L
detection is defined as per card, host needs to determine total timeout value that depends on UHS-II bus
topology of a system.

UHS-II m UHS-II

Host Card Power Up
(Device) Supply VDD1, VDD2
RCLK

po=stB.L AV

VDD2

\,| Host supplies RCLK and |

DL set STB.L on DO

EIDL to STB.L 200us Timeout

A

Host waits D1=STB.L

D1=STB.L

SD I/F Initialization UHS-II Initialization
Legacy SD Card SD IF is selected UHS-II IF is selected
1 4 2
v v
SD SD
IIF IIF
3
T l
[BE |

Figure 3-19 : UHS-II Interface Detection

Figure 3-20 shows abstract of UHS-II Initialization 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
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step is Device Initialization. Backend functions of devices are initialized. The third step is Enumeration. 4-bit
unique Device ID is assigned to each device to be able to select one of devices by a Device ID. The fourth
step is Configuration. UHS-II register is set to be able to use UHS-II devices in optimized bus sequence. The
fifth step is SD-TRAN Initialization. UHS-Il emulates SD Commands by the SD-TRAN. SD-TRAN Initialization
is equivalent to SD Bus Initialization but host issues SD Commands in UHS-II packets. UHS-II card accepts
most SD commands except some specific commands. Refer to Section 4.7.5 about the difference of SD
command definition in UHS-II. If CMDO is received, the UHS-II card re-starts from SD-TRAN initialization.

Figure 3-21 shows SD Bus I/F Initialization sequence for UHS-II Card. UHS-II card shall disable UHS-II
Interface before execution of ACMDA41 is completed. If VDD2 is provided during-SD Interface‘initialization of
UHS-II Card, host shall continue to provide VDD2. VDD2 may be off by power cycle-with'VDD1 before starting
SD Interface initialization. On detecting non UHS-II card, host may turn.off VDD2 anytime:

UHS-II Initialization
UHS-II IFF is selected TR
PHY Initialization /| o N
4 MW :
* PLL Activation Initialization

* PLL Synchronization
« Disabling SD I/F

'

| Device Initialization

v

Enumeration
[ - serDevice ID |

{

Configuration

UHS-|
I/F

Card Controller

I »Set,Parameters I

CMDO o]
(SD-TRAN) y

Initialization for SD-TRAN SD-TRAN
VDB card identification mode
ACMD41

CMD2
CMD3

1 SD-TRAN data transfer mode

Figure 3-20 : UHS-II Interface Initialization

26



©Copyright 2001-2020 SD Card Association
Physical Layer Simplified Specification Version 8.00

C SD I/F Initialization )
!

SD IF is selected Stop supplying RCLK
Start supplying SDCLK

_cvoo pefore ACMDAL
completed.

v

ACMDA41
UHS-II I/F Deactivation

Disabling UHS-II I/F

CMD2

CMD3

Figure 3-21 : UHS-II Interface Deactivation

3.10.5 Summary of Bus Speed Mode for UHS-II Card

Bus Speed Max. Bus | Max. Clock | Signal Max. Power?

Mode™ Speed Frequency | Voltage W]
[MB/s] [MHz] v} | sbsc | sDHC™* | SDXC™ / SDUC™

FD156'¢ 156 52 0.4 1.80°¢ 1.80°¢
HD312°¢ 312 52 04 1.80°¢ 1.80°¢ UHS-II I/F
FD624°® 624 52 0.4 1.80°¢ 1.80°
SDR104 104 208 1.8 - 1.80° 1.80°¢
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 0.72 > SD IF
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 0.36/0.547 )

*1: The card supports a UHS-I mode shall support all lower UHS-I modes.
*2: Host may control card power by the Power Limit Function of CMD6
¥37SDSC stands for,SD Standard Capacity Memory Card.
t4: SDHC stands for SD High Capacity Memory Card.
*5; SDXC stands/for SD Extended Capacity Memory Card.
*6: The max. power of removable card is 1.80W and that of embedded device is 2.88W
*7: Host-may select either card power by XPC in ACMDA41.
In SPL.mode, XPC is not supported and the power shall be up to 0.36W (3.6V 100mA).
*8: Minimum power requirement of host in UHS-Il mode is 0.72W and it is applied from PHY
Initialization.
*9: SDUC stands for SD Ultra Capacity Memory Card.
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Table 3-9 : Bus Speed Modes of UHS-II Card

Table 3-10 shows Card Types and Supported Bus Speed Modes.
It is recommended that UHS-II hosts implement the UHS-I mode (at least SDR50) to provide backward
compatibility with UHS-I cards.

Bus Modes
Non UHS UHS-I UHSHI

Card Types Range B Range C|Range D
DS| HS |SDR50[SDR104|DDR50|FD156{HD312| FD312 | FD624

SDSC M| o | NA | NA | NA T NAT NA | NA N/A

Non UHS M o NA | NA | NANAT-NA | NA N/A

UHS50 | M| M | M™ NA | (1) [ NATNA | NA N/A

sore |07 [Trstod M M | ™ M MO~ ["NA| NA | NA N/A

UHS.I  |UHS156 [M| M | M 0 NN o N/A N/A

UHS-Il |UHS624 [ M| M | M 0 Y. 0 M M

Non UHS M o | NA | Na > [ NA | NA | NA | NA N/A

UHS50 | M| M | M™ NA () | NA | NA | NA N/A

ggﬁg’ URS- IORs104 [M[ M | ™ M 1 | NA | NA | NA N/A

UHS-II UHS156 | M| M M 0] (1) M 0] N/A N/A

UHS-Il |UHS624 | M| M | M 0 1) M o) M M

Note: Abbreviation: M: Mandatory, Optional, N/A: Not available, (1): O (Standard SD) and M (microSD)
Table 3-10 : Bus-Speed Mode Option / Mandatory

3.11 Application Performance Class
The specification defines Application Performance Class that indicates the minimum random and
sequential performance of the card under specified pre-conditions (refer to Section 4.16).

e Application Performance Class 1 means:
o Minimum €ard Random performance is Write : 500 IOPS and Read : 1500 IOPS
o Minimum sustained sequential write performance is 10MB/s
e Application Performance Class 2 means:
o Minimum\Card |Random performance is Write : 2000 IOPS and Read : 4000 IOPS using
Command Quele)(if supported) and Cache Feature
o Minimum_‘sustained sequential write performance is 10MB/s using Command Queue (if
supported) and’'Cache Feature

Note that unit of random performance [IOPS] indicate number of 4KB sized I/O Operations completed in
one second; wherein each transaction was targeted to a random address generated for 256MB address
range.
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3.12 Cache

Cache feature enables card to improve performance by directing host data into faster memory that may
be volatile, which is up to card implementation. Hosts that enable Cache shall be aware that data loss
may occur, if the contents in the Cache are not flushed before power off. Refer to Section 4.17 for details
of Cache.

3.13 Self Maintenance

Self Maintenance scheme allows the card to performance internal background data management, while
the host is aware those operations may be performed by the card and supports.them accordingly. Self
Maintenance may improve card performance, if enabled. Refer to Segtion\ 0. for details of Self
Maintenance.

3.14 Command Queue
Command Queue (CQ) scheme allows the host to submit commands [tasks].even during data transfer.
Voluntary CQ Mode allows card to re-order the tasks and execution of ready task is triggered by host
based on the task ready status provided by the card. In Sequential CQ Mode, tasks are executed in order.
Refer to Section 0 for details of Command Queue scheme.
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3.15 LV Interface
Low voltage Interface is to enable card initialization in 1.8V 10 mode rather than legacy 3.3V 10 mode.
Refer to Low Voltage Interface Addendum for additional details. Table 3-11 shows the Card Types and
Supported Bus Speed Modes for LV interface.

Card Classification | SPI|DS|HS|SDR12|SDR25 |SDR50 | SDR104 | DDR50 | FD156 | HD312 | FD624
SDHC [Lvso [ M| M[ M| W™ M M N/A @ | ~NnaJiNnad na
Lvioal M M| M| ™ M M M @ | NAY NANDNA

Lvise| M M| M| ™ M M o) 1) M o) N/A

Lve2al M M| M| ™ M M (1) M o) M
spxc/sbuc|Lvso [ M| M| M| ™ M M N/A M Na L NA | NA
Lviodal M M| M| ™ M M @ [ Na | nvA | NA

Lvise| M M| M| ™ M M (1) M o) N/A

Lve24al M M| M| ™ M M o) 1) M o) M

(1) Optional for Standard SD, Mandatory for microSD cards
Table 3-11 : LV Interface Bus Speed Mode Option / Mandatory

3.16 Higher Bus Speed of UHS-II (UHS-HI)

From the Physical Specification Version 6.00, enhanced bus speed mode of UHS-II, i.e. FD624 is newly
introduced. Maximum bus speed of FD624'is.624MB/s. Refer to UHS-II Addendum Version 2.00 for more
details. "UHS-II" and "UHS-III" denotes card types which are specified by required functions in the UHS-II
Addendum. UHS-II Card supports Range A and Range B. UHS-IIl Card supports Range A to Range D.
For simplicity, use of the term "UHS-II" in.common to define extend functions of all card types by the UHS-
Il Addendum and Versions.

3.17 SD Express Card Type

SD Express card supports the'basic SD.interface in UHS-I mode as well as PCle/NVMe interface.

SD Express Card supports either PCle Gen 3 or Gen 4 interface, with either 1 lane (1 TX, 1 RX) or 2
lanes (2 TX, 2 RX) as defined by PCI-SIG including hot plug-in/removal support. Due to limited space, a
limited necessary number of out-of-band signals was adopted in SD Express from the PCI-Standard as
described in/Section. 3.7.3. PCleGen 3 supports bit rate of up to 8Gbps, which allows up to 985MB/s (1
lane) or 1,969MB/s (2'lanes) per each direction with 128/130 coding. Additionally, PCle Gen 4 supports
bit rate of up to 16Gbps, which allows up to 1,969MB/s (1 lane) or 3,938MB/s (2 lanes) per each direction.
On top/of the PCle channel, the NVM Express (NVMe) protocol is used, as defined by NVMe revision 1.3
(refer to/Appendix A.2,2 )
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Card type
Default Speed [DS

High Speed | HS

UHS50 SDR50/DDR50

UHS104 SDR104

PCle G3L1

PCle G3L2/
PCle G4L1

PCle G4L2 PCle Gen4x?2

PCle Gen3x2 or Gen4x1

0 12 25 50 104 985 ) 11,969 " 3938

Throughput (MB/s)
Figure 3-22 : Interface Speed of SD Express Card

SD Express Card may support the following PCle-interface modes.

e Gen3x1 - Using up to PCle Generation 3\and 1)lane
e Gen3x2 - Using up to PCle Generation’3 and 2 lanes
e Gen4dx1 - Using up to PCle Generation'4 and 1 lane
e Gendx2 - Using up to PCle Generation 4 and 2 lanes

Table 3.17-1 defines SD Express \card types and corresponding PCle interface modes that shall be
supported by each card type.

Card Type PCle Interface Modes Supported

PCle G3L1 Gen3x1 (Already introducd at SD Ver7.00)
PCle G3L2 Gen3x1, Gen3x2

PCle G411 Gen3x1, Gen4x1

PCle G4L2 Gen3x1, Gen3x2, Gendx1, Gen4x2

Table 3.17-1 : Card Types of SD Express Cards
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3.17.1 SD Express Host and Card Combination

Host type SD sD
(any up to UHS104 SD-UHS-I SD Express
Card type UHS50)
_ upto SOMB/s Up to 50MB/s
SD b to UHSS50 Up to 50MB/s Up to 50MB/s (basic SD interface) (basic SD interface)
Up to104MB/s Upto 104MB/s
SD UHS104 Upto 50MB/s | Upto 104MB/s | (basic SD interface (basic SD interface
and if host support it) | and if lhost'support it)
Up to 104MB/s Up to 104MB/s
SD-UHS-II Up to 5S0MB/s (if supported by | See Table 3-8 (basic SD interface
card) and if hest support it)
104MB/s
Upto104MB/s |  UPTo D% S
! (basic SD interface ee Table
SD Express Up to 50MB/s (if sup():z(r)gt)ed bY | and if ost and card 317 1-1
supporft i)

Table 3-12 : SD Express Host and Card Combinations

Host type SD Express SD Express SD Express SD Express
Gen3x1 Gen3x2 Gendx1 Gen4x2
Card type
PCle G3L1 Up to 985MB/s Up to 985MB/s Upto 985MB/s Up to 985MB/s

PCle G3L2 upto 985MB/s | upto 1,969MB/s Up.to 985MB/s Upto 1,969MB/s
PCle G4L1 upto 985MB/s | upto 985MB/s| | upto 1,969MB/s upto 1,969MB/s
PCle G4L2 upto 985MB/s | upto 1,969MB/s\ | upto 1,969MB/s Up to 3,938MB/s

Table 3.17.1-1 : SD Express Host and Card Combinations (Detailed)

3.17.2 SD Express Interface Selection and Initialization Sequence

SD Express card may be initialized jin ejther PCle mode or SD Bus I/F mode. It is highly recommended
to initialize through legacy SD Bus' I/F-mode“allowing the host a simple method to detect card’s
compatibility and support 6f PCle and switch to PCle mode if supported.

Figure 3-24 shows the process of card detection and initialization from the host side.
Figure 3-23 shows the card’s internal states related to SD and PCle modes of operation.

After VDD1 power up, the card’'s 10s are in input mode (Pseudo Init State). After VDD2 or VDD3 is
powered up after VDD1, the PCle\interface is ready for PCle link-up operation.
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Card detection &
VDD1 On

Description of the card’s internal states:

® Pseudo Init State : State : Pre-Initialization

IOs are in input mode. Moving out from this state Pseudo

happens either if SD CLK detected or CMD (CMDO, Init b
CMDS8 or ACMDA41) is accepted (to SD Mode) or if vDD2/3 vDD2fg | TN CMD
VDD2 or VDD3 presence detected (to PCle Linkup ong ¥ SD CLK

state). Usage of SD CLK or CMD (here and after) is S —
up to the card’s internal implementation which ! vooz/3on\ Mode
method to use. In the case of LVS initialization, state ,

(vbD2/3=0n/0ff)

transition condition shall be based on SD CLK
detection only.

Back'to PCle Linkup
Linkup LO | succeed
(Linkup=0b) (Linkup=1b)

® PCle Linkup State : voR2/3 Off

IOs are in PCle 10 mode + SD CLK line ready to ‘ ode

accept transition or CMD line ready to accept CMD

(up to implementation). Moving out from this (vepz/s=on)

state happens either if SD CLK detected or Figure 3-237SD Express Interface Detection
CMD (CMDO, CMD8 or ACMDA41) is and Init < Card internal states

accepted (to SD Mode) or if PCle Linkup=1b
(to PCle mode) or if transition of VDD2 or VDD3 from/On to Off is detected (back to Pseudo Init).

® SD Mode State:

IOs are in SD mode. Moving out from this state is only upon detection of VDD2 or VDD3 transition
from Off to On (to PCle Linkup state). The transition is valid only when SD card is in ‘idle’ state (as
in Figure 4-1). VDD2/3 On is a power/0n reset to'SD Mode.

® PCle Mode State:

IOs are in PCle mode (SD CMDs are not'supported). Moving out from this state is either if
Linkup=0b (back to PCle Linkup state) orifVDD2 or VDD3 are turned off (back to Peseudo Init
State).

® Transition notations:

VDD2/3 on = VDD2 or VDD3 switch from Off to On

VDD2/3 off =» VDD2 or VD3 switch from On to Off

(VDD2 or VDD3 shall remain less than 0.2V for at least 1ms before next step)

VDD2/3=0n = VDD2 or VDD3 is in On state

VDD2/3=off =& VDD2 or VDD3 is in Off state

SD CLK = Transition from 0 to 1 of SD CLK detected

CMD=>» CMDO, CMD8 or ACMDA41 detection. (Host shall issue CMDO, CMD8 and ACMD41
command/sequence as defined in SD initialization flow (Figure 4-2). An LVS host shall
execute'LVS handshake before CMDO.)

Following-is a description of the interface detection and selection of SD Express card through a typical
path. The full description with all the options is described in Figure 3-24.

Upon card insertion detection it is recommended to initialize the SD bus interface and check through
CMDS8 whether the card supports PCle mode and whether it supports VDD3. If it does not support PCle,
the host may proceed with the legacy SD Bus I/F mode. If PCle is supported, the host assures that
PERST# is asserted and CLKREQ# is pulled up and then it turns VDD2 on or VDD3 on (if VDD3 is
supported by the card and the host). SD CLK shall only be provided when host is entering SD mode.
Host then waits, up to 1ms (TrvcrL) for CLKREQ# line to be asserted (“0”) by the card and, if asserted,
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host de-asserts PERST# (=“1") after providing stable REFCLK for at least 100us (Tperst-cLk). Host then
may proceed with the PCle/NVMe linkup process and initialization process. In case the PCle training
process fails (CLKREQ# line was not asserted by the card or PCle linkup failed), the host may access
the card through the legacy SD interface.

Host may also initialize the card without going through the legacy SD Bus I/F mode first. However in
microSD case it is highly recommended not to turn VDD3 on before SD card is detected to avoid any
possible conflict with other similar card types in the market.

Negotiation of Generation and number of lanes between host and card takes place during PCle Linkup.
Default NVMe Power State (PS) value of SD Express Card shall have Maximum Power value of 1.8W.
Before completing PCle Linkup, card shall not consume more than 1.8W even-if the card has a capability
of higher Power States. If SD Express Card supports power states'with Maximum Power (MP) of more
than 1.8W, and host wants to utilize a power state above 1.8W, host/shall connect VDD1 also to pin#19
allowing the spilit of the current consumed from VDD1 source betweencthe two pads, pad#19 and pad#4,
assuring that the maximum normal current passed through each of the .connector’s contacts will not be
more than 500mA. After activation of pad#19 host may select any,power state above 1.8W.

As described in Section 8.1.8, power consumption is limited to 1.8W in PCle’Gen3x1 mode even if the
card supports over 1.8W power and host sets MP over 1.8W. However, the’host and the card may activate
pin#19 and pad#19 respectively in this case.

Host may use either of the following two methods before connecting VDD1 to pad#19:

o The above mentioned method of host reading the cards power state capability and acting upon it.
o Electrical method of detecting pad19 existence as-described in Appendix J.

Moreover, host may supply VDD2 and VDD2a at the same time. Refer to Section 6.4.3 for more details.
If the host does not support power states above/1.8\W and/or pad#19 does not exist, host shall not activate
pin#19.
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(1) Host may chose to operate card in SD mode even if PCle is
supported. Its up to host needs
Vdd1(3.3v) maybe (2) Assumed that all voltages (Vdd1 and Vdd2 or Vdd3] are stable
supplied before insertion ) Host that supports SD Express card may initialize the card
directly through the PCle interface, though initialization through
the SDinterface is highly recommended for advance discovery
of the cards capabilities.

Card Insertion
Detection

"""""""" it () Power consumption over 1.8W and providing voltage via pin
‘.?ﬁ il _S_? E:I:K it_a_rt_s _____ 1 VDD1a are allowed only in PCle Motefor PCle Gen3x2, Gen4x1,
: __________ y_ or Gen4x2 mode.
1 !SD Init(CMD8 andRead R7) '
j 2 TSEEan——— e
1 P
! -:Ca_rd supports PCIe"’“\
1 e
'y ] T Yest)
I I SDCLKStops !
| v
#—Y« Ca rd s upports‘\/Q D32~ ——
<—HostSupports VDD3? o
Yes \ 4

Assure that PERST# asserted
(low) and CLKREQ# high (Pullup)

then Turn VDD3 ON
v v
Wait Tpycp?

VDD2/3 off Al SD Init Conti
soctk| . |iuptocmps) |Ontinue

g ¥ =P initas
Starts Ignore PClg legacySD

support gacy

I éta rt RefClk followed by de-assert PERST#.“high” l

—

4
Proceed with PCle
Operation (from PCle LO) )

No

PCle Linkup succeed?
inkup=1b2

|Legend: L pclemode || Pseudo init | [Transition between Card Stated | SD Mode ||

Figure 3-24: SD Express Interface Detection and Initialization Flow (Host side)

Figure 3-25 provides illustration of the PCle training process as described in the SD Express Interface
Detection flow.

PCle/NVMe linkup and the rest of the initialization sequence shall be done as defined by PCle Standard.
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VDD1:3.3V /1 The(max) Ims

<
< >
2]

ower valid to CLKREQ# outputactive

X XXX X XX XK KKK IXOKX O

VvDD2:1.8V i
orVDD3:1.2V ! / Tpypgi(Min) 50ms
1 \4 0 .
i i . as Recommended powervalidto PERST#inactive
1 1 Logic‘1 |
CLKREQ#/DAT2 | | ' Asserted by Card to in:dicate PCleinterfaceisreadytoinit |\ |ogic ‘0
i i i i Teers-cx(min) 100us |
| | | | REFCLKstable before PERST#inactive + Logic"l
PERST#/DAT3 3 3 3 3 Logic‘0’ 3
REFCLK+ P f 1 ‘

Figure 3-25 : PCle Training Process

Symbol Parameter Min Max [ Units
T Power Valid® to CLKREQ# 1 ms
PVCRL .
Output active
T Power Valid to PERST# Input 50 ms
PVPGL

inactive. This parameter is
implementation-specific and
recommended only.

T REFCLK stable before PERST# 100 us
PERST-CLK I
inactive

Note (1): Power Valid is measured at the later rising edge of either VDD1, VDD2 or VDD3

Table 3-13 Timing of PCle Interface Training

A detailed description of the SD Express card interface condition is given in Section 8.3.
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3.17.3 Summary of Bus Speed Mode for SD Express Card

Physical Layer Simplified Specification Version 8.00

Bus Speed Max. Bus | Max. Clock | Signal Max. Power™
Mode™ Speed Frequency | Voltage W]
[MB/s] [MHz] \] SDHC™* | SDXC’S/SDUC"
PCle Gen4x2 3,938 100 0.4 4.00 4.00
PCle Gen4x1 1,969 100 0.4 2.80 2.80
PCle Gen3x2 1,969 100 0.4 2.80 2,80 PCle I/F
PCle Gen3x1 985 100 0.4 1.80°¢ 1.80%
SDR104 104 208 1.8 1.80¢ 1.80°¢ \
SDR50 50 100 1.8 1.44 144
DDR50 50 50 1.8 1.44 1.44
SDR25 25 50 1.8 072 0.72 > SD IIF
SDR12 12.5 25 1.8 0:36 0.36/0.54"7
High Speed 25 50 3.3 072 0.72
Default Speed 12.5 25 33 0.36 0.36/0.547 ]
*1: The card supporting PCle mode shall support allHHower UHS-1. modes except SDR104, which is
optional.

*2: Host may control card power by the Power Limit Function of CMD6 when operated in any of non-
PCle modes. In PCle/NVMe mode the host may control the maximum consumed power through the
PCle power throttling (in static manner during'init) or with NVMe power state modes.

*3: SDUC stands for SD Ultra Capacity Memory Card. SDSC is not supported by SD-PCle Express
cards.

*4: SDHC stands for SD High Capacity Memory-Card.

*5: SDXC stands for SD Extended Capacity-Memory Card.

*6: The max. power of removable card is 1.80W and that of embedded device is 2.88W

*7: Host may select either card power by XPC in ACMD41 when operated in any of non-PCle modes
In SPI mode, XPC is not supported and the power shall be up to 0.36W (3.6V 100mA).

*8: Minimum power requirement of SD_Express host in PCle mode is 1.80W and it is applied from PHY
Initialization.

Table 3-14 : Bus Speed Modes of SD Express Card

3.18 Features of Non CPRM Card

Security is’optional for writeable SDSC, SDHC and SDXC SD Memory cards. SDUC Card does not
support security feature. SD_SECURITY shall be set to 0 for Non CPRM Cards. Non CPRM Cards
will-not-support any security commands except for ACMDA44. For all security commands mentioned
below, the card.shall either set ILLEGAL_COMMAND error bit or ERROR bit in the status register.
The choice-of the’response is left to the card vendor’s implementation.

ACMD18, ACMD25, ACMD26, ACMD38, ACMD43, ACMD45, ACMD46, ACMD47, ACMDA48,
ACMD49 (SDSC only)
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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 commands

of two types: broadcast and addressed (point-to-point) commands.

e Broadcast commands
Broadcast commands are intended for all cards. Some of these commands require a response.

e 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 4-1 for card identification mode and in
Figure 4-13 for data transfer mode. The commands are listed in‘the command tables (Table 4-23 to
Table 4-33). The dependencies between current state, received command,’and following state are
listed in Table 4-35. In the following sections, the various card operationmodes will be described first.
Afterwards, the restrictions for controlling the clock signal are defined. All SD Memory Card com-
mands, along with the corresponding responses, state transitions; error.conditions and timings are
presented in the succeeding sections.
Two operation modes are defined for the SD Memory Card system (host and cards):

e Card identification mode
The host will be in card identification mode after reset and while it is looking for new cards on the
bus. Cards will be in this mode after reset until the'SEND_RCAcommand (CMD3) is received.

e Data transfer mode
Cards will enter data transfer mode after their RCAis first\published. The host will enter data transfer
mode after identifying all the cards on the bus:

Table 4-1 shows the dependencies between operation modes and card states. Each state in the SD
Memory Card state diagram (see Figure 4-1).is‘associated with one operation mode:

Card state Operation mode
Inactive State inactive
Idle State
Ready State card identification mode

Identification-State
Stand-byState
Transfer, State
Sending-data State
Receive-data State
Programming State
Disconnect State
Table 4-1: Overview of Card States vs. Operation Modes

data transfer mode
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4.2 Card ldentification 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 clock frequency of the identification
clock rate fop (see Section 6.6.6).

4.2.1 Card Reset

In SD Mode, the command GO_IDLE_STATE (CMDO) is the software reset command and sets each card
into /dle State regardless of the current card state. Cards in Inactive/State are not affected by this com-
mand.

After power-on by the host, all cards are in Idle State, including the cards thathave’been in Inactive State
before.
After power-on or CMDQO, all cards' CMD lines are in input mode, waiting for. start bit of the next com-
mand. The cards are initialized with a default relative card address (RCA=0x0000) and with a default
driver strength with 400KHz clock frequency. In case of 3.3V sighaling, default driver strength is
specified by the Driver Stage Register (DSR) if supported and'selected-highest driving current capability.
In case of 1.8V signaling, default driver strength is specified by type B driver.

In UHS-1I Mode, RCA is not cleared to 0x0000 by CMDO-and kept.its Device ID, which is determined by
Enumeration.

4.2.2 Operating Condition Validation
At the start of communication between the host and.the card, the host may not know the card supported
voltage and the card may not know whether it\supports the current supplied voltage. The host issues a
reset command (CMDQO) with a specified voltage ‘while assuming it may be supported by the card. To
verify the voltage, a following new command (CMD8) is-defined in the Physical Layer Specification Version
2.00.
SEND_IF_COND (CMD8) is used to verify’SD 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 résponse of CMD8 (See Section 4.3.13). The supplied voltage is indicated by
VHS field in the argument. The card assumes the voltage specified in VHS as the current supplied voltage.
Only 1-bit of VHS shall be set te. 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 supplied voltage, the response echoes back the supply voltage and the
check pattern that were set in the command argument.
If the card cannot operate on the supplied voltage, it returns no response and stays in idle state. It is
mandatory to issue CMD8 prior to first ACMD41 to initialize SDHC, SDXC or SDUC Card (See Figure
4-1). Receipt of CMD8 makes the cards realize that the host supports the Physical Layer Version 2.00 or
later and-the 'card can enable new functions.

SD_SEND_OP_COND (ACMDA41) is designed to provide SD Memory Card hosts with a mechanism to
identify and reject'cards which do not match the Vpp range desired by the host. This is accomplished by
the host-sending)the required Vpp voltage window as the operand of this command (See Section 5.1).
Cards which cannot perform data transfer in the specified range shall discard themselves from further
bus operations and go into Inactive State. The levels in the OCR register shall be defined accordingly
(See Section 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 (CMDO) to reset the card, the host shall issue CMD8 prior to
ACMDA41 to re-initialize the SD Memory card.
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Figure 4-1 shows State Diagram of card Identification
SD-TRAN Section of the UHS-II Addendum.

Power on

. CMDO + Tdle State
SPI Operation  \e—— g asserted (idle) /<
Mode ("0")

card returns busy (*1) or ACMD41

host omitted voltage range
Ready State
read
No Response ( y)
(Non valid command) c
Must be a CMDI1

MultiMediaCard
Start MultiMediaCard

©Copyright 2001-2020 SD Card Association

mode for SD I/F. In case of UHS-Il mode, refer to

CMDO («

If card cannot operate under.suppliéd voltage,
card,doesn't respond and return to 'Idle State’

from all/States except (ina)

~

Itis mandatory for the host compliant
to Physical Spec Version 2.00
to.send CMD8 before ACMD41

Inactive
State(ina

cards with non compatible
voltage range

initialization process
starting at CMD1

Card responds with

card-identification-mode new RCA

data-transfer-mode

card executes.Voltage
Switch Seguence,

Whether it can be executed
is determined in ACMD41.

CMD15

Card responds with
new RCA

from all states in
data-transfer-mode

(*1) Note :

Card retutns busy when

High or Extended capacity

Card executes intérnal.initialization process
Card is High or Extended capacity SD Memory Card and host doesn't support

This means that CMD8 is mandatory to initialize High capacity SD Memory Card.

Figure 4-1;: SD Memory Card State Diagram (card identification mode)

By setting the OCR to'zero in the argument of ACMDA41, the host can query each card and determine the
commaen voltage range/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
of non-usable cards in the stack is desired. The card does not start initialization and ignores HCS in the
argument (refer t0 Section 4.2.3) if ACMDA41 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 power up sequence as described in Section 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 0 indicates that the host supports
neither SDHC nor SDXC Card.
Receiving of CMD8 expands the ACMD41 function; HCS in the argument and CCS (Card Capacity
Status) in the response. HCS is ignored by cards, which didn't respond to CMD8, However the host should
set HCS to 0 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 status (keep busy bit to 0).”The busy bit in
the OCR is used by the card to inform the host whether initialization’of ACMD41.is\completed. Setting the
busy bit to 0 indicates that the card is still initializing. Setting the busy bit to 1 ‘indicates completion of
initialization. Card initialization shall be completed within 1 second from\the first ACMD41. The host
repeatedly issues ACMD41 for at least 1 second or until the busy bit'are set te. 1.
The card checks the operational conditions and the HCS bit in the OCR only at the first ACMD41 with
setting voltage window in the argument. While repeating ACMDA41, ‘the rhost shall not issue another
command except CMDO.

If the card responds to CMD8, the response of ACMD41|includes the'CCS field information. CCS is
valid when the card returns ready (the busy bit is set to 1). CCS=0/means that the card is SDSC. CCS=1
means that the card is SDHC or SDXC.

The host performs the same initialization sequence to-all 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_the CMD line). After the CID was sent by the card it
goes into Identification State. Thereafter, the host issues CMD3 (SEND_RELATIVE_ADDR) asks the card
to publish a new relative card address (RCA), which is shorter than CID and which is used to address the
card in the future data transfer mode. 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 another CMD3 command to the card. The last published RCA is the actual RCA
number of the card.

The host repeats the identification process,/i.€. the cycles with CMD2 and CMD3 for each card in the
system.

Initialization of SDXC is identical to SDHC, User area capacity of SDXC card is specified by C_SIZE and
it shall be more than or equalto 32GB.

Refer to Section 8.3 for SDUC ‘¢ard initialization.

Figure 4-2 shows-Card Initialization and Identification for SD I/F. In case of UHS-Il mode, refer to SD-
TRAN Section of the UHS-II Addendum.

Application Notes:

The host shall set ACMDA41 timeout more than 1 second to abort repeat of issuing ACMD41 when
the card does. not indicate ready. The timeout count starts from the first ACMD41 which is set voltage
window in_the argument.
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Figure 4-2 : Card Initialization and Identification Flow (SD mode)
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4.2.3.1 Initialization Command (ACMDA41)

Followings are general rules of the argument of ACMDA41:

(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 ACMDA41 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 argument is effective.

(3) The argument of following ACMDA41 shall be the same as that of the first ACMD41.,

Figure 4-3 shows argument format and Figure 4-4 shows response format, Two_new. fields are added to
the argument of ACMDA41.

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 SpeedClass, Class 0 is indicated in SD
Status. If a SDXC Card is initialized with XPC=1, the card is operating.at.up te.0.54W (150mA at 3.6V on
VDD1) in Default Speed or SDR12, and the card supports Speed Class. Re-initialization is required to
change XPC selection.

UHS-I supported host sets S18R=1 in the argument of ACMD41 to request the card to switch 1.8V
signaling level. UHS-I card respond with S18A=1 in the response of ACMDB41 (if in 3.3V signaling mode)
and then host can issue voltage switch command. Once voltage switch'is performed, UHS-I card indicates
S18A=0 to keep current signal voltage. In UHS-II mode, the eard always indicates S18A=0.

(1) Argument of ACMDA41

47 46 45-40 39 38 37 36 35-33 32 31-16 15-08 07-01 00
S D Index Busy HCS (FB) | XPC | Reserved S18R OCR Reserved CRC7 E
31 30 29 28 27-25 24 23-08 07-00
0 1 101001 0 / X 0 X \ 000 X xxxxh 0000000 XXXXXXX 1
101 6 1 / 1 1 1 \ 3 1 16 8 7 1
Host Capacity Support SDXC Power Control S18R : Switching to 1.8V Request
Ob: SDSC Only Host Ob: Power Saving Ob: Use current signal voltage
1b: SDHC or SDXC Supported 1b~Maximum Performance 1b: Switch to 1.8V signal voltage

Note: Fast Boot (Bit 29) is reserved for eSD.
Figure 4-3 : Argument of ACMD41

(2) Response of ACMD41 (R3)

47 46 45-40 39 38 37 36-33 32 31-16 15-08 07-01 00
S D Index Busy CCS UHS-II Reserved S18A OCR Reserved CRC7 E
31 30 29 28-25 24 23-08 07-00

0 0 111211 , X X X 0000 x| xxxxh 0000000 1111111 1

v i 6. \/ 1 1 \ 1 4 1 16 8 7 1
Busy Status Card Capacity Status || UHS-II Card Status S18A : Switching to 1.8V Accepted
Ob: Onlnitialization Ob: SDSC Ob: Non UHS-II Card Ob: Continues current voltage signaling
1b: Initialization Complete 1b: SDHC or SDXC 1b: UHS-II Card 1b: Ready for switching signal voltage

Figure 4-4 : Response of ACMD41

CCS (Bit 30), UHS-II (Bit 29) and S18A (Bit 24) are valid when Busy (Bit 31) is set to 1. For host or card
supporting SDUC, refer to Figure 4-75 in Section 4.20.2.
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4.2.4 Bus Signal Voltage Switch Sequence

Refer to Low Voltage Interface Addendum for LV interface Card initialization.

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

_|CMD55H R1 HCMD41
£

Bit 30: HCS=1
Bit 24: S18R=1

The Last ACMDA41

CMDSSH R1 HCMD41

CMD11|.| R1 |_| Voltage Switch I__ICMDZI—I R2 I_

Bit 31: Busy
Bit 30: CCS Invalid
Bit 24: S18A Invalid

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

Figure 4-5 : ACMD41 Timing Followed by Voltage Switch Sequence

4-bit mode

CMD6
Function Group 3

S18A=1(Switch)

- cowont |

l Driver Strength

CMD6

No Response Function Group 1, 4

Get Response UHS-I Mode| Power Limit

Voltage Switch Sequence
Switch tg SDR12 timing

Switch Error w
C lete?
—Ye—s+ omplete

@ No 4 8vsignal UHS-I Mode N | Yes |

Figure 4-6 : UHS-I Host Initialization Flow Chart

Tuning

When signaling level is 3.3V, host repeats to issue ACMD41 with HCS=1 and S18R=1 until the response
indicates ready. The argument (HCS and S18R) of the first ACMD41 is effective but the all following
ACMD41 should be 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
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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.

When entering tran state, CARD_IS_LOCKED status in the R1 response should be checked (it is indicated
in the response of CMD?7). If the card is locked, CMD42 is required to unlock the card. If the card is unlocked,
CMDA42 can be skipped.

In case of UHS-I card, appropriate driver strength is selected by CMD6 Function Group 3 and one of UHS-
| modes is selected by CMD6 Function Group 1.

In SDR50 and SDR104 modes, if tuning of sampling point is required, CMD19 js| repeatedly issued until
tuning is completed.

4.2.4.2 Timing to Switch Signal Voltage

4.2.4.3 Timing of Voltage Switch Error Detection

4.2.4.4 Voltage Switch Command

Figure 4-9 shows Voltage Switch Command (CMbB11).definition. CMD11 can be executed in ready state
and doesn't change the state. Even if the card is locked, CMD11 can be executed. Returning R1 type
response means the card starts voltage switch\sequence. If the host detects no response, power cycle
should be executed.
There are four cases that the card indicates no response to CMD11.

(1) The card does not support voltage switch.

(2) The card supports voltage switch butACMDA41 is received with S18R=0.

(3) The card receives €CMD11 notinready state.

(4) Signaling level is already switched to 1.8V.
For all above cases, CMD11 is.treatedas an illegal command.

Voltage \Switch Command

S|T| Index Reserved CRC7 |E
0J1| 001011 all 0 01110111

AW
CMD —— cwp1t |— Rl —

DAT[3:0]

Figure 4-9 : Voltage Switch Command

4.2.4.5 Tuning Command
A known data block ("Tuning block") can be used to tune sampling point for tuning required hosts. The
tuning capability of sampling point is mandatory for HOST-SDR-VD and optional for HOST-SDR-FD. This
procedure gives the system optimal timing for each specific host and card combination and compensates
for static delays in the timing budget including process, voltage and different PCB loads and skews.
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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

is not required.

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

Send Tuning Block Command

S|T| Index Reserved CRC7 |[E
0|1( 010011 all 0 1000110(1
I I I
CMD —| CMD19 | | R1 |
DAT([3:0] | DpataBlock | [

A
Vo

146¢ck '\

S 128-bit Tuning Block per Line  [CRC16|E
0 Tuning Block Pattern xxxx |1

Figure 4-10 : Send Tuning Block Command

This sequence is defined as multiple, consecutive executions of CMD19 that are sent from the host and

responded by the card, without any other/command mixed between them.

The card shall complete a sequence of 40 times CMD19 executions in no more than 150ms. The tuning
process is normally shorter than 40 executions of CMD19, and therefore should be shorter than 150ms.
The sequence period definition does not inclide any host processing time. If host needs time to process
CMD19 between executions, the sequence may be longer by this amount of time.

FFOFFF00 FFCCC3CC C33CCCFF FEFFFEEF
FFDFFFDD FFFBFFFB BFFF7FFF  77F7BDEF
FFFOFFF0 OFFCCC3C CC33CCCF FFEFFFEE
FFFDFFFD DFFFBFFF BBFFF7FF F77F7BDE

Table 4-3 : Tuning Block Pattern

4.2.4.6 An Example of UHS-I System Block Diagram
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4.3 Data Transfer Mode
Until the end of Card Identification Mode the host shall remain at fop 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 fep frequency range (see Section 6.6.6). The host issues SEND_CSD (CMD?9) 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'fop to fep at that
point. SET_DSR command is an option for the card and the host.
CMD?7 is used to select one card and put it into the Transfer State. Only one card'can be'in the Transfer
State at a given time. If a previously selected card is in the Transfer State/its connection with the host is
released and it will move back to the Stand-by State. When CMD7is issued with|the reserved relative
card address "0x0000", all cards are put back to Stand-by State (Note that it'is-the responsibility of the
Host to reserve the RCA=0 for card de-selection - refer to Table 4-23, CMDY.
SD Memory Card State Diagram in UHS-II is defined by the UHS-1I Addendum.

| cmp3 | [cmpis |

card identification
mode

data transfer ! from all states in

mode data-transfer-mode -
Sending-data
State (data

| cMD13, cMDSS |

no state transition
in data-transfer-mode

CMD12, or| | CMD6,17,18,19,30,48,56(r),58
"operation ACMD13,22,51

complete"”
State (tran

"operation |cMD24,25,26,27,42,49,56(w),59 |
complete”

CMD16,23,32,33
ACMDS,23,42
CMD12,22 (SDUC only)

Stand-by State
sth

CMDA4,9,10,3

CMD20, 28,29,38

"operation
complete"

State (dis

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

Receive-data
State (rcv

CMD12 or
"transfer end"

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 Section
4.2.3) in this state. CMD48, CMD49, CMD58 and CMD59 are also available in UHS-II 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.

The relationship between the various data transfer modes is summarized below.

All data read commands can be aborted any time by the stop command\ (CMD12). The data transfer
will terminate and the card will return to the Transfer State. The read commands are such as block
read (CMD17), multiple block read (CMD18), send write protect (CMD30),.send SCR (ACMD51) and
general command in read mode (CMD56). (Refer to Figure 4-13 for more details.)

All data write commands can be aborted any time by the.stop. command (CMD12). The write
commands shall be stopped prior to deselecting the card/by CMD7.-The write commands are such
as block write (CMD24 and CMD25), program CSD(CMDZ27), lock/unlock command (CMD42) and
general command in write mode (CMD56). (Refer to Figure'4-13 for more details.)

As soon as the data transfer is completed, the card will exit the 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'length,and CRC of the last block are valid, the data
will be programmed.

The card may provide buffering for block write-This means that the next block can be sent to the
card while the previous is being programmed.

If all write buffers are full, and as long as the'card.is in Programming State (see SD Memory Card
state diagram Figure 4-13 ), the DATO line willbe kept low (BUSY).

There is no buffering option for write CSD; write protection and erase. This means that while the card
is busy servicing any one of these commands, no other data transfer commands will be accepted.
DATO line will be kept low as long-as the card is busy and in the Programming State. Actually if the
CMD and DATO lines of the cards are kept separated and the host keep the busy DATO line
disconnected from the other DAT O lines (of the other cards) the host may access the other cards while
the card is in busy.

Parameter set commands are not allowed while card is programming.

Parameter set commands are: set-block length (CMD16), erase block start (CMD32) and erase
block end (CMD33).

Read commands are not allowed while card is programming.

Moving another-card from \Stand-by to Transfer State (using CMD7) will not terminate erase and
programming operations. The’card will switch to the Disconnect State and will release the DAT line.
A card can'be reselected while in the Disconnect State, using CMD?7. In this case the card will move
to the Programming State and reactivate the busy indication.

Resetting a card (using CMDO or CMD15) will terminate any pending or active programming
operation. This may destroy the data contents on the card. It is the host's responsibility to prevent
this.

CMD34-37, CMD50 and CMD57 are reserved for SD command system expansion. State transitions
for these commands 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 ACMDG6. The default bus
width after power up or GO_IDLE (CMDO) 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 ACMDG6 as illegal command.

4.3.2 2 GByte Card
To make 2GByte card, the Maximum Block Length (READ_BL_LEN=WRITE_BL |LEN) shall be set to
1024 bytes. However, the Block Length, set by CMD16, shall be up to-512 bytes to keep consistency with
512 bytes Maximum Block Length cards (Less than or equal 2GByte cards):

4.3.3 Data Read
The DAT bus line level is high by the pull-up when no data'is transmitted. Atransmitted data block consists
of start bits (1 or 4 bits LOW), followed by a continuous data'stream. The data stream contains the payload
data (and error correction bits if an off-card ECC is used). The data-stream ends with end bits (1 or 4 bits
HIGH) (see Figure to ). The data transmission. is-synchronous to the clock signal. The
payload for block oriented data transfer is protected by/1 or 4 bits;CRC check sum (See Section 4.5).
The Read operation from SD Memory Card may be interrupted by turning the power off. The SD Memory
Card ensures that data is not destroyed during alt-the conditions except write or erase operations issued
by the host even in the event of sudden shut down-or removal.
Read command is rejected if BLOCK_LEN_ERROR or ADDRESS_ERROR occurred and no data transfer
is performed.

Block Read

Block read is block oriented data transfer. The basic unit of data transfer is a block whose maximum size
is always 512 bytes. Smaller blocks whose starting and ending address are entirely contained within 512
bytes boundary may be transmitted.

Block Length set by CMD16 can be set up {0 512 bytes regardless of READ_BL_LEN.

A CRC is appended to the end of each block ensuring data transfer integrity. CMD17
(READ_SINGLE_BLOCK) initiates a‘block read and after completing the transfer, the card returns to the
Transfer State. CMD18 (READ{ MULTIPLE_BLOCK) starts a transfer of several consecutive blocks.
Blocks will be continuously transferred untila STOP_TRANSMISSION command (CMD12) is issued. The
stop command has an.execution delay due to the serial command transmission. The data transfer stops
after the end bit of the stop command.

When the last block of\user area is read using CMD18, the host should ignore OUT_OF_RANGE error
that may occur.even the sequence is correct.

If the host uses partial blocks whose accumulated length is not block aligned and block misalignment is
not allowed, the-card shall detect a block misalignment at the beginning of the first misaligned block, set
the ADDRESS_ERROR error bit in the status register, abort transmission and wait in the Data State for
a stop command.
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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.

Max block size oD value Current Read CMD
- - . *1
READ BL LEN | Misalign Partial Blocklen Start Address
512Bytes 0 (Disable) 1 (Enable) 1- 512 bytes Any addréss is accepted_*z
1kBytes 0 (Disable) 1 (Enable) 1- 512 bytes Any address is accepted_*z
2kBytes 0 (Disable) | 1(Enable) | 1-512bytes |. Any/addressis accepted. -

*1: "Current Blocklen" size is set or changed by CMD16. If value is less than or equal 512 bytes
(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 the data until the 512
bytes block boundary" and then the data becomes invalid and CRC error also may oceur. The card will send
"ADDRESS_ERROR" on the next command response. Host should issue CMD12 to recover.

Table 4-4 : Read Command Blocklen

4.3.4 Data Write
The data transfer format is similar to the data read format. For block oriented write data transfer, the CRC
check bits are added to each data block. The card performs 1. 0or 4 bits CRC parity check (See Section
4.5) for each received data block prior to the write operation. By this mechanism, writing of erroneously
transferred data can be prevented.
Write command is rejected if BLOCK_LEN_ERROR orADDRESS_ERROR occurred and no data transfer
is performed.

Block Write

During block write (CMD24 - 27, 42, 56(w)) one-or-more blocks of data are transferred from the host to
the card with 1 or 4 bits CRC appended'to the end of each block by the host. A card supporting block
write shall be required that Block Length set by CMD16 shall be 512 bytes regardless of WRITE_BL_LEN
is set to 1k or 2k bytes.

Table 4-5 defines the card behaviorwhen-partial block accesses is disabled (WRITE_BL_PARTIAL = 0).

Max block size R Current Write CMD
H - . *q
WRITE BL LEN Misalign Partial Blocklen Start Address
512Bytes 0 (Disable) | 0 (Disable) 512 bytes 2 n * 512 bytes 3 (n: Integer)
1kBytes 0 (Disable) | O (Disable) | 512 bytes” n* 512 bytes* (n: Integer)
2kBytes 0 (Disable) | 0 (Disable) 512 bytes 2 n * 512 bytes ° (n: Integer)

*1: "Current Blocklen" sizeis set or changed by CMD16. If value is less than 512 bytes (there are no relations
with Misalign and Partial option), it is set with no error. And then "Current Blocklen" size is tested when write
command execution.

*2:\If\the current Blocklen is other than this value, the card indicates "BLOCK_LEN_ERROR" on the Write
command.response.

*3: If start address is other than this value, the card will send "ADDRESS_ERROR" on the Write command
response.

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 mode) will
be ignored.
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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 while ignoring 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. ADDRESS_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 write over a write protected area. In this case,
however, the card shall set the WP_VIOLATION bit.

Programming of the CSD register does not require a previous block length setting: 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 match fails, then the card will report an error
and not change any register contents.

Some cards may require long and unpredictable times to write a block of data. After receiving a block of
data and completing the CRC check, the card will begin writing and hold the DATO line low if its write
buffer is full and unable to accept new data from a new WRITE_BLOCK command. The host may poll the
status of the card with a SEND_STATUS command (CMD13)\at/any time, and the card will respond with
its status. The status bit READY_FOR_DATA indicates whether the card can accept new data or whether
the write process is still in progress). The host may deselect the card by issuing CMD?7 (to select a different
card) which will displace the card into the Disconnect State and release the DAT line without interrupting
the write operation. When reselecting the card, it will reactivate busy indication by pulling DAT to low if
programming is still in progress and the write bufferis unavailable. Actually, the host may perform
simultaneous write operation to several 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 and DATO-3 line manipulations (disconnection of busy cards).

Pre-erased Setting prior to a Multipte Block Write Operation

Setting a number of write blocks to be pre-erased (ACMD23) will make a following Multiple Block Write
operation faster compared to the same-operation without preceding ACMD23. The host will use this
command to define how many number of write blocks are going to be send in the next write operation. If
the host will terminate the write operation (Using stop transmission) before all the data blocks sent to the
card the content of the remaining,write blocks is undefined(can be either erased or still have the old data).
If the host will send more 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
Write operation.

It is recommended using this command preceding CMD25, some of the cards will be faster for Multiple
Write Blocks/operation.\Note that'the host should send ACMD23 just before WRITE command if the host
wants to use the pre-erased feature. If not, pre-erase-count might be cleared automatically when another
commands (ex: Security Application Commands) are executed.

Send Number of Written Blocks

Systems that-use \Pipeline mechanism for data buffers management are, in some cases, unable to
determine which /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.
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4.3.5 Erase/Discard/FULE

4.3.5.1 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 00000001h or 000000002h is set in argument of
CMD38, ERASE may not be executed if card supports DISCARD or FULE.

If an erase (CMD38) or address setting (CMD32, 33) command is.received out of sequence, the card
shall set the ERASE_SEQ_ERROR bit in the status register and reset the/whole 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 and execute the last command.
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 register shall be set.

The address field in the address setting commands is a write btock 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 erase is in 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 section, 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) defines whether it is '0' or '1".

4.3.5.2 Discard
The DISCARD operation is similar to the default ERASE operation. Card may de-allocate the discarded
blocks partially or completely. The contents of a region where the discard function has been applied shall
be treated as ‘don’t care’ by host. After discard operation the previously written data may be partially or
fully read by the host, depending on the card-implementation.

It is desirable to discard 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 DISCARD (CMD38) and CMD38
arguments shall be set 'as 00000001h. The host which supports DISCARD shall check for
DISCARD_SUPPORT bit (b313) in SD_STATUS register. If the card does not support DISCARD, the host
shall not issue DISCARD command. If the card does not support DISCARD, card shall execute ERASE.
If DISCARD (CMD38) or address, setting (CMD32, 33) command is received out of sequence, the card
shall set the ERASE_SEQ_ERROR bit in the status register and reset the whole 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 DISCARD sequence and execute the last
command.

If the host provides an out/of range address as an argument to CMD32 or CMD33, the card shall indicate
OUT_OF_RANGE errorin R1 (ERX) for CMD38 or in R1 of next command and reset the whole DISCARD
sequence. Host-shall\check for any errors after DISCARD command.

The DISCARD is supported for SDHC and SDXC cards only and not supported through SPI interface.

As described above for block write, the card shall indicate that DISCARD is in progress by holding DATO
low. The busy timeout is 250ms per DISCARD command.

The host may issue CMD?7 to deselect the card or perform card disconnection, as described in the Block
Write section.
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On executing power cycle, card forgets pending Discard. Figure 4.3.5-1 shows the flowchart of card
behavior for erase command sequence, including DISCARD and FULE operations

Application Note: Host is recommended not to issue DISCARD command to the file system area,
since the content of the discarded area shall be ‘don’t care’

4.3.5.3 Full User Area Logical Erase (FULE)
The FULE operation is similar to the default ERASE operation, except the card'shall logically erase the
entire user area completely.
It is desirable to logically erase the complete user area. Identification of the full user area is accomplished
with the ERASE_WR_BLK_START (CMD32), argument equal to 0, \and ERASE_WR_BLK_END
(CMD33), argument equal to end of user area, commands.
The host should adhere to the following command sedquence:" ERASE_WR_BLK_START,
ERASE_WR_BLK_END and FULE (CMD38) and CMD38 arguments'shall'‘be set as 00000002h

The host that supports FULE shall check for FULE_SUPPORT bit (b312) in SD_STATUS register. If the
card does not support FULE, host shall not issue FULE’command. If the card does not support FULE,
card shall execute ERASE.

If FULE (CMD38) or address setting (CMD32, 33) command:is received out of sequence, the card shall
set the ERASE_SEQ_ERROR bit in the status register and reset the whole sequence.

If an out of sequence command (except SEND_STATUS) jis received, the card shall set the
ERASE_RESET status bit in the status register, reset the FULE sequence and execute the last command.
If the host does not provide the full user area using €MD32-and CMD33, then card shall execute ERASE
operation with the busy timeout as specified /in”Section-4:10.2.5 and Section 4.10.2.6. The FULE is
supported for SDHC and SDXC cards only and not supported through SPI interface.

As described above for block write, the card shallindicate that FULE is in progress by holding DATO low.
The busy timeout is 1 second per FULE command.

The host may issue CMD7 to deselectthe card or perform card disconnection, as described in the Block
Write section.
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Figure 4.3.5-1 shows the flowchart of card behavior for erase command sequence, including DISCARD
and FULE operations.

Card receives erase sequence
CMD32 = Start LBA
CMD33 = End LBA

CMD38

l

Is
command sequence

Card indicates
‘ERASE_SEQ_ERROR’ in

in order? R1 (ER)

Is CMD38
argument

Card executes
DISCARD \with 250ms >

00000001h?

max husy timeout

Card indicates
‘OUT_OF_RANGE’ in >

R1 (ERX)

Is

Is CMD38 Card executes FULE
argument Start L:rﬁj_LBA 0 with 1s max busy [
5 .
00000002h? nd LBA=Max LBA 2 timeout
No

Card executes ERASE with max busy as per
‘ERASE_SIZE’ and ‘ERASE_TIMEOUT’
calculation.

l
S,

Figure4.3.5-1 : Flowchart of Card Behavior for Erase Command Sequence

Application Note:.If the card does not support DISCARD or FULE,
¢ [ The host may proceed with ERASE operation
¢ \ The host may proceed to overwrite data

4.3.6 Write Protect Management
Three write protect methods are supported in the SD Memory Card as follows:
- Mechanical write protect switch (Host responsibility only)
- Card internal write protect (Card's responsibility)
- Password protection card lock operation.
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Mechanical Write Protect Switch
A mechanical sliding tablet on the side of the card (refer to Part 1 Standard Size SD Card Mechanical
Addendum) will be used by the user to indicate that a given card is write protected or not. If the sliding
tablet is positioned in such a way that the window is open it means that the card is write protected. If the
window is close the card is not write-protected.
A proper, matched, switch on the socket side will indicate to the host that the card-is write-protected or
not. It is the responsibility of the host to protect the card. The position of the write-protect switch is un-
known to the internal circuitry of the card.

Card's Internal Write Protection (Optional)

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. Optionally, Force Erase Password can be stored in additional 128-bit
FEP and 8-bit FEP_LEN registers shall be present in case Card Ownership Protection (COP) is supported
by the card. These registers are non-volatile so that a,power cycle-will not erase them.

Locked cards respond to (and execute) all commands in the "basic" command class (class 0), ACMDA41,
CMD16 and "lock card" command class. Thus, the host is\allowed to reset, initialize, select, query for
status, etc., but not to access data on the card. If the-password was previously set (the value of PWD_LEN
is not 0), the card will be locked automatically afterpower-on.

Similar to the existing CSD register write commands; the lock/unlock command is available in "transfer
state" only. This means that it does not include an address argument and the card shall be selected before
using it.

The card lock/unlock command has the structure 'and bus transaction type of a regular single block write
command. The transferred data block includes all the required information of the command (password
setting mode, PWD itself, card lock/unlock efc.).

Content protection is managed by RWD. Physical Card Ownership is managed with COP feature.

55



©Copyright 2001-2020 SD Card Association

Physical Layer Simplified Specification Version 8.00

4.3.7.1.1 Card Ownership Protection

Card Ownership Protection (COP) prevents re-use of COP Card without knowing the protection password
PWD. Once Force Erase Password (FEP) is set, it disables “Force Erase” operation, and “Clear PWD”
operations. Alternatively, “FEP Force Erase” can be used. As this behavior is different from the Physical
Specification Version 5.00 or earlier, COP Unlock is required to operate the card after power up when
FEP=set, to ensure only the hosts familiar with COP operations can use such a card.

Application Note:

Card Ownership Protection is addressing specific user needs and applications. 1t is. not recommended
for support on host devices that are not designed for specific applications that know how to make use
of this feature. It is recommended to support this feature only in cards specially designéed to work with
those designated hosts.

4.3.7.1.2 Special Terms for Lock/Unlock

The following terms and notations are introduced in this section:

COP: Card Ownership Protection

— COP feature: set of additional functions to support Card Ownership Protection

— COP bit: bit4 of CMD42 argument that indicates'COPR-specific functions vs. PWD functions
COP Card / Non-COP Card

— COP Card is a card that supports COP features

— Non-COP Card is another expression of Type1,2 Cards that does not support COP feature
PWD: Card Lock Password

— PWD indicates a register to hold a password to lock the card

— "PWD=0" indicates that PWD is not set-and PWD), LEN is set to 0

— "PWD=set" indicates that a password'is set toe. PWD and the password length is set to PWD_LEN
FEP: Force Erase Password

—"FEP" indicates a register to hold a password to protect Force Erase

— "FEP=0" indicates that FEP is not set and FEP_LEN is setto 0

— "FEP=set" indicates/that a password is set to FEP and the password length is set to FEP_LEN
Force Erase: is the function-of CMD42[08h] (with no password) to erase PWD, PWD_LEN and all
memory area. This function'is disabled'when FEP=set

FEP Force Erase: is the function.of CMD42[18h] (with FEP) to erase PWD, PWD_LEN and all
memory area. This function is disabled when FEP=0

COP Unlock

— command CMD42 with argument 1Fh (notated as CMD42[1Fh]) that is required to access COP
feature functions: Also, if FEP=set, after power on reset or reset COP Unlock is required to enable
any other CMD42 functions.

COP-Locked state

— state-of the card after power on reset or reset, when any other argument to CMD42 is not
accessible till COP Unlock is performed. Also, the card shall behave as locked card to any other
commands.

Clean-COP Card - COP Card with no FEP/PWD set

Locked COP Card — COP Card with PWD set

PWD functions - COP Card CMD42 functions defined by Table 4.3.7-1

COP functions - COP Card CMDA42 functions defined by Table 4.3.7-2
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4.3.7.1.3 Card Behavior
Figure 4.3.7-1 shows simplified behavior of Non-COP Card. After power on, card is "PWD Locked" if

PWD=set or "PWD Unlocked" if PWD=0. Force Erase allows to reset the PWD, while erasing all the User

area data.
CMD42[1Fh] is not defined and Non-COP Card returns LOCK_UNLOCK_FAILED error in R1.

Power on
non-COP Card
/ PWD=set PWD=0 \
PWD Unlock | —pwp
Locked /4 Lock Unlocke

y
Force Erase

A\

Force Erase

_Set Password

<«

Reset Passwqrd
K CMD42 Ver.1.0 /

Figure 4.3.7-1 : Simplified Non-COP Card State Diagram

Figure 4.3.7-2 shows simplified behavior of a.COP Card. After power on reset or reset, COP Card
starts in CMD42 Ver.1.0 Compatible mode:

o [f FEP=0, CMDA42 functions are compatible with CMD42 Ver.1.0, except the support of
additional argument 1Fh (COP_Unlock).

o If FEP=1, COP Card is/in.€OP lLocked state to prevent access by Non-COP Hosts. COP
Card does not.execute \any' CMD42 function and indicates CARD_IS_LOCKED status and
LOCK_UNLOCK FAILED. error except CMD42[1Fh]. On receiving CMD42[1Fh] COP Card
moves to CMD42Ver.2.0 mode:.

In CMD42 Ver.2.0 mode, "FEP Locked" is disabled and CMD42 functions are extended with
functions accessible with COP bit set to ‘1’. There are three additional features to Ver.1.0:
(1) FEP-Management
FEP-is-managed by \Reset FEP, Set FEP and Replace FEP functions.
(2) (Fofce Erase
There are 2 types of Force Erase operation supported based on FEP state:
"Force Erase" (CMD42[08h] with no password) to erase PWD, PWD_LEN and all memory
area'can be executed as long as FEP=0. It is disabled if FEP=set.
"FER Force Erase" (CMD42[18h] with password) to erase PWD, PWD_LEN and all memory
area which'if executed if the password matches FEP. It is enabled if FEP=set and disabled
if FEP=0.
(3) /Reset PWD inhibit
Once PWD is set, PWD can be replaced, but PWD cannot be reset during FEP=set.
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Power on

Reset

COP Card

/ FEP=1 PWD=0&FEP=0 \

PWD=set&FEP=0
A
PWD Unlock
Locked /o Lock

Force Erase

Force Erase

CMD42 LOCK_UNLOCK_FAILED=1
_Set Password '
FEP=Set O FEP=0 N
Reset Password

FEP cannot be changed : —f—
& CMD42 Ver.1.0 Compatible /

v CMD42[1Fh]
FEP=Set FEP=0

KEP Set. Reset, Replace (COP=1)

Unlock
Lock

PWD
Unlocked

Force Erase (if COP=0&FEP=0)
FEP_Force Erase (if COP=1, FEP matched)

Force Erase or FEP Force Erase

: Set Password PWD=0

Reset Password (if FEP=0) T

CMD42 Ver.2.0

Figure 4.3.7-2 - Simplified COP Card State Diagram
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4.3.7.1.4 Lock Card Data Structure

Table 4-6 describes the structure of the command data block. Note that the host compliant to the Physical
Specification Version 5.10 or later shall set reserved bits (Bit7-5) to 0 when issuing CMDA42.

Byte # Bit7 | Bit6 | Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0
0 Reserved COP | ERASE LOCK_ CLR/ SET_
(shall be set to 0) UNLOCK PWD PWD
1 PWDS _LEN
2
Password data
PWDS LEN +1

Table 4-6 : Lock Card Data Structure

e COP: When set to 1, indicates Card Ownership Protection feature operations

o ERASE: 1 Defines Force Erase Operation. In byte 0, bit 3\ will. be set to 1 (all other bits shall be 0).
All other bytes of this command will be ignored by the’card.

o LOCK/UNLOCK: 1 = Locks the card. 0 = Unlock the card (note that it is valid to set this bit together
with SET_PWD but it is not allowed to set it together with CLR-PWD).

e CLR_PWD: 1 = Clears PWD.

e SET_PWD: 1 = Set new password to PWD

o PWDS_LEN: Defines the 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
password and the new password canbe up.t0-32 bytes.

o Password data: In case of setting/a’new-password, it contains the new password. In case of a
password change, it contains the old password followed by the new password.

The data block size 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. If preset block length is larger than length of required data structure, dummy data
shall be sent by the host for unused-data area of the block.

Since block length shall always be even in DDR50 mode, the block length for CMD42 shall always be
rounded up to an even size. [f CMD16 is used prior to CMD42 to set the block length, it shall always
specify an even length.

4.3.7.1.5 Command Sequences Common to COP/Non-COP Cards

The following paragraphs/define the various lock/unlock command sequences common to COP/Non-COP
Cards\(items relevant to COP Cards only are marked by square brackets []):

e Setting PWD

e Select acard (CMD?7), 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 the case that a password replacement
is done, then the block size shall consider that both passwords-the old and the new one-are sent with
the command.
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e Send the Card 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 (SET_PWD), the length (PWDS_LEN) and
the password itself. In the case that a password replacement is done, then the length value
(PWDS_LEN) shall include both passwords (the old and the new one) and the password data field
shall include the old password (currently used) followed by the new password. Note that the card
shall handle the calculation of the new password length internally by subtracting the old password
length from PWDS_LEN field.

e [In CMD42 ver.2.0 mode, COP Card can execute this command when COP bit=0.]

¢ In the case that the sent old password is not correct (not equal in size and content), then the
LOCK_UNLOCK_FAILED error bit will be set in the status register and the old \password does not
change. In the case that the sent old password is correct (equaliin size and content), then the given
new password and its size will be saved in the PWD and PWD LEN registers, respectively.

Note that the password length register (PWD_LEN) indicates if apassword is currently set. When it equals
0, there is no password set. If the value of PWD_LEN is not equal t0 zero, the card will lock itself after
power up. COP Card shall also lock itself after CMDO. Non-COP.Card lock status after CMDO is up to
implementation. It is possible to lock the card immediately in“the current power session by setting the
LOCK/UNLOCK bit (while setting the password) or sending an additional-command for card lock.

Reseting PWD:

e Select a card (CMD?7), if not previously selected.

¢ Define the block length (CMD16), given by the 8-bit card, loeck/unlock mode, the 8-bit password size
(in bytes), and the number of bytes of the currently used password.

o Send the card lock/unlock command with the apprepriate 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 password 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 not correct,
then the LOCK_UNLOCK_FAILED error bit will be set in the status register.

e [In CMD42 ver.2.0 mode, COP Card can-execute this command when COP bit=0.]

o [If FEP is set, PWD and PWD_LIEN.registers shall not be affected, and the LOCK_UNLOCK_FAILED
error bit shall be set in.the status register.]

o [Resetting PWD shall not-affect FEP and FEP_LEN registers.]

Locking PWD Unlocked Card:

e Select a card (CMD?7), if nof 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.

o Send the card 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_LEN) and the
password itself.

e [In CMDA42 ver.2.0/mode, COP Card can execute this command when COP bit=0.]

In PWD.Unlocked state, if the PWD content is equal to the sent password, then the card will be PWD
locked and the card-locked status bit will be set in the status register. If the password is not correct, then
the LOCK_UNLEOCK_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 PWD locked automatically after 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
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LOCK_UNLOCK_FAILED error bit will be set in the status register, unless it was done during a password
definition or change operations.

Unlocking PWD Locked Card:

e Select a card (CMD?7), if not previously selected.

o [If FEP=set, after power on reset or reset with CMDO, COP Unlock is required ( refer to Unlocking
COP locked state sequence in Section 4.3.7.1.6)]

¢ Define the block length (CMD16), given by the 8-bit card lock/unlock mode; the 8-hit password size
(in bytes), and the number of bytes of the currently used password PWD.

e Send the card 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 UNLOCK, the' length\(RWDS_LEN) and the
password itself.

e [In CMD42 ver.2.0 mode, COP Card can execute this command when ' COP bit=0.]

If the PWD content is equal to the sent password, then the card will be unlocked and the card-locked
status bit will be cleared in the status register. If the passwordis not correct, then the
LOCK_UNLOCK_FAILED error bit will be set in the status register:

Note that unlocking is done only for the current power s€ssion.As long as thé PWD [or FEP] is not cleared,
the card will be locked automatically on the next power‘up. Only if PWD=0 [and FEP=0], the card shall
be unlocked after power on and CMDO.

An attempt to unlock an unlocked card will fail and LOCK _UNLOCK_FAILED error bit will be set in the
status register, unless it was done during PWD definition-or change operation.

4.3.7.1.6 COP specific Command Sequences

The following paragraphs define the various lock/unlock command sequences applicable to COP Cards
only:

Enabling Card Ownership Protection (COP) Function Set

If FEP=0, after power on reset or reset COP-Card shall not execute any COP function of CMD42 other
than COP Unlock and shall interpret it-as PWD function as defined by Table 4.3.7-1, unless it was done
after COP functions are unlocked after the power on reset or reset by the sequence below:

e Select a card (CMD?7), if not previously selected.

o 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 the data line including the 16
bit CRC. The data block'shall’have/COP, ERASE, LOCK_UNLOCK, CLR_PWD, SET_PWD bits set
to 1.

If COP Unlock was-accepted, then'the card shall go to CMD42 ver.2.0 mode. While FEP=0, the only COP
function supported is set FEP. “Set PWD” command shall require COP bit to be set to 0, as described in
the Section 4.3.7.2.

Before receiving COP Unlock, COP Card is CMD42 Ver.1.0 Compatible mode and CMD42 with COP
bit=1 is ignored (except’ COP Unlock).

Note: For the card not supporting COP, the LOCK_UNLOCK_FAILED error bit shall be set in the status
register and the COPR enabling request is rejected.

Setting Force Erase Password (FEP):
e Unlock COP function set.
¢ 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 the case that a password replacement
is done, then the block size shall consider that both passwords-the old and the new one-are sent with
the command.
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Send the Card 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 (SET_PWD and COP), the length
(PWDS_LEN) and the password itself. In the case that a password replacement is done, then the
length value (PWDS_LEN) shall include both passwords (the old and the new one) and the password
data field shall include the old password (currently used FEP) followed by the new password. Note
that the card shall handle the calculation of the new password length internally by subtracting the old
password length from PWDS_LEN field.

In the case that the sent old password is incorrect (not equal in size~and content), then the
LOCK_UNLOCK_FAILED error bit shall be set in the status register and the old password does not
change. In the case that the sent old password is correct (equal in size-and content);’then the given
new password and its size shall be saved in the FEP and FEP/LEN registers, respectively.

Setting FEP automatically disables “Force Erase” and “ResetPWD? (CLR_PWD) operations. No
power cycle is required.

Note that the password length register (FEP_LEN) indicates if a FEP is currently set. When it equals 0,
there is no password set. Setting FEP is not affecting current card LOCK/UNLOCK state.

e Unlocking COP Locked State

If FEP=1, after power on reset or reset with CMDO0, COP Card shall be in.locked state (see Section 4.3.7.5)
and shall fail any other CMD42 parameter and LOCK_UNLOCK ‘FAILED error bit shall be set in the status
register, unless it was done after COP function set is unlocked after the power on reset or reset by the
sequence below:

Select a card (CMD?7), if not previously selected:

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 the data line including the 16
bit CRC. The data block shall have COP, ERASE, LOCK_UNLOCK, CLR_PWD, SET_PWD bits set
to 1. This command does not require any-password to be included in data block.

If COP Unlock was accepted, then COP Card-shall go to CMD42 ver.2.0 mode and processing of other
CMDA42 operations shall be enabled by the card'PWD commands shall require COP bit to be set to 0, as
described in the Section 4.3.7.2.
Note: For the card not supporting-COP, the LOCK_UNLOCK_FAILED error bit shall be set in the status
register and the COP enabling request.is rejected.

e Resetting FEP:

Unlock COP function set, if not unlocked already.

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 appropriate data block size on the data line including
the 16-bit CRC. The data block shall indicate the mode (CLR_PWD and COP), the length
(PWDS_LEN), and the password itself. If the FEP and FEP_LEN content match the sent password
and.its-size, then the content of the FEP register is cleared and FEP_LEN is set to 0. If the password
is nat correct, then the LOCK_UNLOCK_FAILED error bit shall be set in the status register.

If resetting FEP fails, FEP and FEP_LEN registers are maintained, and the LOCK_UNLOCK_FAILED
error bit shall’be set in the status register.

Resetting FEP shall not affect current card LOCK/UNLOCK state.

Resetting FEP shall not affect PWD and PWD_LEN registers.

Clearing FEP enables “Force Erase” and “Reset PWD” operations.

Clearing FEP disables “FEP Force Erase” and other COP operations.
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4.3.7.1.7 Card Ownership Protection Flowcharts

Figure 4.3.7-3 presents COP protection setup sequence (left) and FEP Force Erase sequence (right).
Figure 4.3.7-4 presents Lock/Unlock operations sequence on COP Card with FEP set.

CMD7 CMD7

Yes CARD_IS_LOCKED? >
¢ No Not a Locked COP unlock
COPc CMDA42[1Fh]
Not a Clean COP unlock

COP card CMD42[1Fh] T os v
i LOCK_UNLOCK_FAILED?>
Yes l
LOCK_UNLOCK_FAILED?> No No
INo CARD_IS_LOCKED?
COP card l Yes
= = Erro
FETJnolc;cFl)(\;vdD C FEP Force Erase
¢ /Y CMDA42[18h]
FEP set Yes l
CMD42[11h] LOCK_UNLOCK_FAILED’?>
Yes l No
COP card CARD_IS_LOCKED?
FEP set , PWD=0 l N
Unlocked 0
¢ COP card
FEP set , PWD=0
P S Unlocked
CMD42[01h]

v
COP card
( FEP set , PWD.set
Unlolcked

Figure 4.3.7-3 : COP Card Protection Setup (left) and FEP Force Erase (right) Sequences
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v

Not a Locked COP Unlock Lock
COP card CMD42[1Fh] CMD42[04h]
1 Yes l l No
LOCK_UNLOCK_FAILED? » {_ CARD_IS_LOCKED?
N v No J Yes
©( CARD_IS_LOCKED? » COP card
1 Yes PWD=set x
COP card Locked Error
PWD set
Locked Wnlock 4
v CMD42{00h]
Wrong PWD Unlock L
CMD42[00h Yes
x T [00h] {  CARD_IS_LOCKED?
Y¢S (" CARD_IS_LOCKED? ) COPlcg(r) :
vNo ( PWD=set ]
COP card Unlocked
PWD=set
Unlocked
| Use the card |
| Use the card | l

Figure 4.3.7-4 : COP Card Unlock/Lock Sequence

4.3.7.2 Parameter and the Result of CMD42

The block length shall be greater than or equal 0 the required data structure of CMD42; otherwise, the
result of CMDA42 is undefined and the card may be in the unexpected locked state. Table 4-7 clarifies the
behavior of CMD42 for Non-COP Cards. Table 4.3.7-1 clarifies the behavior of PWD commands for COP
Card. Table 4.3.7-2 clarifies the behavior of COP specific functions for COP Card. The reserved bits in
the parameter (bit7-5 for COP \Card and bit 7-4 for Non-COP Card) of CMDA42 shall be don't care. In the
case that CMDA42 requires the password, it is assumed that the old password and the new password are
set correctly; otherwise the card indicates an error regardless of Table 4-7 , Table 4.3.7-1 and Table
4.3.7-2. If the password length\is\O or greater than 128 bits, the card indicates an error. If errors occur
during execution of. CMD42, the’' LOCK_UNLOCK_FAILED (Bit24 of Card Status) shall be set to 1
regardless of Table 4-7, Table 4.3.7-1 and Table 4.3.7-2. The CARD_IS_LOCKED (Bit25 of Card Status)
in the response of CMD42 shall be the same as Current Card State in Table 4-7, Table 4.3.7-1 and Table
4.3.7-2/In the field.of Card Status, 0 to 1 means the card changes to Locked and 1 to 0 means the card
changes’to ‘Unlocked after execution of CMD42. It can be seen in the response of CMD13 after the
CMD42: The LOCK. UNLOCK_FAILED (Bit24 of Card Status) as the result of CMD42 can be seen in the
response of either CMDA42 or the following CMD13.
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CMD42 Parameter in the data
Bit3: ERASE
Bit2: LOCK_UNLOCK
Bit1: CLR_PWD
Bit0: SET_PWD

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

CMD42 Parameter | Current |PWD_LEN Result of the Function Card Status
Bit3| Bit2 | Bit1 |Bito|C2rd State| and PWD Bit25 | Bit24
After Power On Exist The card is locked 0

Cleared The card is unlocked 0 0
1 10 0 0 |Locked Exist Force Erase Table 4-8
1 10 0 0 Unlocked |Exist Error 0 1
1 |0 0 0 |Unlocked |Cleared Error 0 1
o 1 0 0 Locked Exist Error 1 1
0o 0 0 |Unlocked |Exist Lock the card Oto1]0
0o 0 0 |Unlocked |Cleared Error 0 1
0o N 0 1 Locked Exist Replace password and the card is still locked 1 0
0o 1 0 1 Unlocked |Exist Replace/password-and the card is locked Oto1 10
0o 0 1 Unlocked |Cleared Set Password and lock the card 0to1]0
0 |0 1 0 Locked Exist Clear PWD _LEN and PWD and the card is unlocked |1 to 0 |0
0 |0 1 0 Unlocked |Exist Clear PWD_LEN and PWD 0 0
0o |0 1 0 |Unlocked |Cleared Error(Note *4 Refer to Table 4-10) 0 1
0 |0 0 1 Locked Exist Replace password and the card is unlocked 1t00 |0
0 |0 0 1 Unlocked (Exist Replace password and the card is unlocked 0 0
0 |0 0 1 Unlocked \|Cleared Set password and the card is still unlocked 0 0
0 |0 0 0 Locked Exist Unlock the card 1t00 |0
0 |0 0 0 JUnlocked |Exist Error 0 1
0 |0 0 0" {Unlocked |Cleared Error 0 1
Other combinations: |[Don't'care [Don't care |Error (Note *1 Refer to Table 4-10) Oor1|1

Table 4-7 : CMD42 Ver.1.0 Mode (Non-COP Card) Lock Unlock Function
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Cgliafchoagameter in the data Related bits in the Card Status
Bit3: ERASE Bit25: CARD_IS_LOCKED
Bit2: LOCK_UNLOCK Bit24: LOCK_UNLOCK_FAILED
Bit1: CLR_PWD
Bit0: SET_PWD
CMD42 Parameter_-| BT Card Status
Card Result of the Function
|Bit4|Bit3|Bit2| Bit1 | Bit0 State PWD Bit25 | Bit24
Exist The card is locked 1 0
After Power On or Reset Cleared |The card is unlocked 0 0
Don’t care [The card is locked (If FEP is set\(4)) 1 0
XM [0 [0 [0 |Locked [Exist Force Erase (1) Table 4-8
X@1 [0 |o |0 |Unlocked [Exist Error o |
X211 [0 [0 |0 |Unlocked [Cleared |Error 0 1
X (1 [0 [0 [Locked [Exist Error 1
X@o |t [0 [0 |unlocked [Exist Lock the card 0 to 1[0
X2 |1 [0 |0 |Unlocked [Cleared |Error 0 1
Xy 1 Jo |1 Locked [Exist Replace PWD and the card is still locked 1 o
X2 (1 [0 |1 Unlocked [Exist Replace PWD. and the card is locked 0 to 1[0
X@o |t [0 [t |unlocked [Cleared [Set PWD and lock the card 0 to 1[0
X [0 |1 0 Locked Exist Clear PWD_LEN and PWD and the card is unlocked (1) 110 0|0
X@ [0 [t [0 [|unlocked [Exist Clear PWD_LEN and PWD (1) 0 0
X2 o [t |0 |unlocked [Clearéd|Errof o |
X [0 [0 Locked - [Exist Replace PWD and the card is unlocked 1 to 0[0
X®o o o |1 Unlocked '\ [Exist Replace PWD and the card is unlocked 0 0
X@ o o |1 Unlocked\ |Cleared |Set PWD and the card is still unlocked 0 0
X2 [0 [0 [0 |Locked |Exist Unlock the card 1to 0[0
X@lo fo o Jo |Unlocked [Exist  |Error 0o |
X@0 [0 [0¢ [0 |unlocked |Cleared [Error 0 1

Table 4.3.7-1 : PWD Related Lock Unlock Function for COP Card
Notes:(1) # Disabled.as.long/as FEP=set
(2) - Bit4 can be set'to/either 0 or 1 as long as FEP=0. Bit4 shall be set to 0 as long as FEP=set.
Funetions that shall be accepted with Bit4=1 are defined by Table 4.3.7-2.
(3) - Bit4-shall'\be set to 0 after CMD42[1Fh].
(4) — If FEP=set, all CMD42 functions are blocked before receiving CMD42[1Fh].
5 - COP Unlock (CMD42[1Fh]) enables CMD42 COP function set. No FEP is required
6 - CMD42[1Fh] followed by CMD42[11h]+FEP sequence is used to set FEP

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

1 set old password in the data structure; otherwise, unexpected password is set. |
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CMD42 Parameter Card Status
Current .
FEP Result of the Function
[BitaBit3Bit2Bit1|Bito [Card State | PWD Bit25 |Bit24
1T 1 0 0 P |_ocked Exist Exist Protected Force Erase (with proper FEP)(5) 1to0 [0
1T 0 0 P P |_ocked Cleared [Exist Error 1 1
1T 0 0 O P Unlocked [Don’t care [Exist Error D 1
1 0 0 p P |_ocked Exist Exist Clear FEP and the card is still locked(5) 1 0
1 0 0 p P Unlocked [Don’t care [Exist Clear FEP and the card is still unlockedys) D 0
1 0 0 p | ocked Exist Don’t care [Set/Replace FEP and card is still locked 1 0
1T 0 0 P Unlocked [Don’t care [Don’t care [Set/Replace FEP and the/card\is ‘still unlocked [0 0
1T pn pn Unlocked [Don’t care [Cleared [Enable Ver.2.0 function set D 0
1T P n pn |_ocked Exist Cleared [Enable Ver.2.0 function set 1 0
. COP unlock)Enable_other-CMD42 functions
1T 1 p p M | ocked(1) [Cleared [Exist bard is/unlocked (1)2) 1t0o0 0
. . COP unlock)Enable ‘other CMD42 functions

1T 1 p p M | ocked(1) [Exist Exist bard is PWO locked (1)34) 1 0
1T 1 nnn | ocked(2) [Exist Exist Card is still locked \_(2)¢4) 1

1T pn pn Unlocked [Don't care [Exist Card is/still unlocked D

Table 4.3.7-2 : COP Specific'\Function for COP Card
Notes:
(1) — 1t time after Power On Reset or Reset
(2) — 2nd time or more after Power On Reset or Reset

(3) — “COP Unlock” — CMD42[1Fh] with no FEP is required/to access any other CMD42 commands after power
on reset or reset, when FEP=set

(4) — If PWD is set, Unlock with PWD - CMD42[00h] is required to unlock the card after “Unlock COP”

(5) — Disabled as long as FEP=0

6 — Commands not covered by Table 4.3.7-1 and Table 4.3.7-2 shall return LOCK_UNLOCK_ERROR
with no change to card state.

Application Note:

To replace password, the host should consider following cases. When FEP_LEN and password data exist,
the card assumes old and new\passwords are set in the data structure. When FEP_LEN and FEP are
cleared, the card assumes only new, password is set in the data structure.
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4.3.7.3 Forcing Erase

4.3.7.3.1 Force 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 Force Erase.

Select a card (CMD?7), 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 the data line including the 16
bit CRC. The data block shall indicate the mode ERASE (the ERASE bit 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 was accepted, then ALL
THE CARD CONTENT WILL BE ERASED including the PWD and PWD_LEN register content and
the locked card will be unlocked.

An attempt to force erase on an unlocked card will fail and LOCK/ UNLOCK_ FAILED error bit will be
set in the status register.

[If FEP=set, execution of this function is prevented, PWD and PWD_LEN registers are not cleared,
and the LOCK_UNLOCK_FAILED error bit shall bé'set in the status register.]

4.3.7.3.2 FEP Force Erase

In the case that FEP is set, it is possible to erase all the card data-content along with the PWD content
only if FEP in known. This operation is called FEP Force Erase.

Unlock COP function set, if not unlocked already.

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 FEP.

Send the card 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 ERASE together with COP, the length
(PWDS_LEN) and the FEP itself. The rest of the bits shall be set to zero.

If the ERASE and COP bits are not theonly bits set in the data field, the LOCK_UNLOCK_FAILED
error bit shall be set in the statusregister and the erase request is rejected.

FEP force erase is performed only if password provided matches FEP register. If password is not
provided, or incorrect; LOCK_UNLOCK_FAILED error bit shall be set in the status register and the
erase request is rejected.

An attempt to FEP force erase on an unlocked card shall fail and LOCK_UNLOCK_FAILED error bit
shall be set in the status register.

If the command was accepted, then ALL THE CARD CONTENT SHALL BE ERASED including the
PWD and PWD_LEN register content and the locked card shall be unlocked.

Even FEPforce erase is executed, FEP and FEP_LEN register content shall remain unchanged.
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4.3.7.3.3 Force Erase Function to the Locked Card

Table 4-8 clarifies the relation between force erase and Write Protection. 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 completed. Similarly, the card shall keep Temporary and
Group Write Protection during the erase execution and clear Write Protection after the erase of all user
area is completed. In the case of an erase error occurs, the card can continue force erase if the data of
error sectors are destroyed.

Write Protections
PWP: Permanent Write Protect (CSD Bit13)
TWP: Temporary Write Protect (CSD Bit12)
GWP: Group Write Protect (CMD28, CMD29, CMD30)

/

CMD42 Parameter | PWP | TWP Result of the Function Card Status
Bit3|Bit2|Bit1|Bit0 GWP Bit25 | Bit24
1 0 [0 |0 |Yes |don'tcare|Error (Note *2 Refer to Table 4-10) 1 1
1 0 0 0 [No Yes Execute force erase;and‘clear Temporary Write]1to 0 |0
Protect and Group (Write\Protect. (Note *3 Refer to
Table 4-10)
1 0 0 0 [No No Execute force erase. 1t00 |0

Table 4-8 : Force Erase Function to the Locked Card (Relation to the Write Protects)

4.3.7.4 Relation Between ACMDG6 and Lock/Unlock State
ACMDE is rejected when the card is Jocked and bus width can be changed only when the card is unlocked.
Table 4-9 shows the relation between ACMDG6.and the Lock/Unlock state.

Card State | Bus Mode [Result of the Function
Unlocked | 1-bit mode |ACNDSG is.accepted
Locked 1-bit mode | ACMDSG6 isrejected and still in 1-bit mode
Unlocked | 4-bit mode |ACMDG is accepted
Locked 4-bit mode | ACMDE is rejected and still in 4-bit mode. CMDO change to 1-bit mode
Table 4-9 : Relation between ACMDG6 and the Lock/Unlock State

Application Note:
After power on or reset/(in 1-bit mode), if the card is locked, the SD mode host shall issue CMD42
in 1-bitmode. Ifthe card is locked in 4-bit mode, the SD mode host shall issue CMD42 in 4-bit mode.
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4.3.7.5 Commands Accepted for Locked Card
The locked card shall accept commands listed below and return response with setting
CARD_IS_LOCKED.

1) Basic class (0)

2) Lock card class (7)
3) CMD16

4) ACMDA41

5) ACMD42

All other commands including security commands are treated as illegal-.commands!
Note: CMD11 (Class 0) and CMD40 (Class 7) are new commands,accepted-in the locked card state.
CMDA40 is reserved for Security Specification.

Application Note:
After power on or reset, the host can recognize the card lock/uniock state by the CARD_IS_LOCKED
in the response of CMD7 or CMD13.
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There are three 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. The
Type 3 (COP Card) is defined in Physical Layer Specification Version 5.10 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 Type 2. The SD Memory Cards that support Lock/Unlock

and comply with Version 5.10 and higher, shall take Type 2 or Type 3.

Notes Type 1 Card (Earlier Version) Type 2,3 Card (New Version)

*1in Table 4-7, | Treat CMD42 Parameter=0011b as 0001b. | Al results are Error

Table 4.3.7-1 Treat CMD42 Parameter=0111b as 0101b.

and Table Treat CMD42 Parameter=0110b as 0010b.

4.3.7-2 Results of other combinations are Error.

*2 in Table 4-8 Execute force erase and set Permanent | The‘resultis Error
Write Protect. If force erase is completed, | A-priority is‘given to Permanent Write
the CARD_IS_LOCKED is changed.from 1 | Protect from force erase.
to 0. A priority is given to force erase from
Permanent Write Protect.

*3in Table 4-8 | Execute force erase but Temporary Write | Execute force erase and clear
Protect and Group Write Protect are, not| Temporary Write Protect and Group
cleared. It should be cleared by the host. Write Protect.

*4 in Table 4-7, | CMD42 Parameter=0010 and\| CMDA42 | The result is Error. Card status Bit24

Table 4.3.7-1 Parameter=0110 The result is-no-error.-Card | will be 1

and Table status Bit24 will be 0

4.3.7-2
Table 4-10 : Version Difference of Lock/Unlock Functions

Function Non-COP Card COP Card
COP Unlock The result is (Error. Card status | CMD42 ver.2.0 mode is enabled according
Bit24 is1 to Table 4.3.7-2

Set FEP PWD.is:set FEP is set

Clear FEP PWD LENand-PWD'is cleared FEP LEN and FEP is cleared

PWD clear if | PWD_LEN and-PWD is cleared The result is Error. Card status Bit24 is 1

FEP=set

Force Erase —if| PWD LEN ‘and PWD is cleared. | The result is Error. Card status Bit24 is 1

FEP=set Card content is erased

Table 4.3.7-3 : Type 3 Lock/Unlock Functions Difference

points.

Application Note;
The host can use both’'types of cards without checking the difference by taking account of the following

(1) The host should not set the parameters of CMD42 that return an error listed in Table 4.3.7-1 and
Table 4.3.7-2. (For *1)

(2) The host-should not issue a force erase command if the Permanent Write Protect is set to 1, otherwise
the Type 1 card can no longer be used even if the user remembers the password. (For *2)

(3) After the force erase, if the Temporary Write Protect is not cleared, the host should clear it. (For *3)

(4) The host should not set FEP on COP Card locked with unknown PWD.
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4.3.8 Content Protection

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. The 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; ds an example, a card has a
definition for ACMD13 but not for ACMD7, then, command 13 after APR_CMD is|interpreted as the non-
regular CMD13 but command 7 after APP_CMD is interpreted as.the regular CMD7. In order to use one
of the ACMD's, the host should be:

(1) When sending APP_CMD, the response has the APP_CMD/bit set signaling to the host that ACMD
is now expected.

(2) ACMD55 does not exist. If multiple CMD55 are issued continuously, APP_CMD bit in each response
is set to 1. The command issued immediately after the last CMDS55 shall be interpreted as ACMD.
When more than one command (except CMD55) is issued directly after CMD55, the first command
is interpreted as ACMD and the following commands are interpreted as regular commands

(3) If a defined ACMD is send and it is legal, the response has.the APP_CMD bit set, indicating that the
accepted command is interpreted as ACMD.

(4) If an undefined ACMD is sent and it is legal, the response has the APP_CMD bit cleared, indicating
that the accepted command is interpreted as-normal CMD.

(5) If a defined or undefined ACMD is sent and-it is illegal, then it is handled as an illegal command.
lllegal Command Error is indicated in the next R1/R6 response and host should ignore APP_CMD
status in the response. Next command-is handled as normal command.

Host shall not use undefined ACMDs as regular commands even if the specification defines it.

The following ACMD numbers are reserved-for,the SD Memory Card proprietary applications and shall
not be used by any SD Memory Card-manufacturer:

ACMD6, ACMD13, ACMD17-26, ACMD38-49, ACMD51.

In above explanation, commands-defined/in the detailed command description section are "defined"
commands but not defined in'the section are "Undefined" commands (Section 4.7.4 or Section 7.3.1.3
depends on bus mode). "Legal" means’that a defined or undefined command is accepted at the current
state and "lllegal" means that a defined or undefined command is not accepted at the current state.

Exception in ACMDA41

o The response of ACMD41 does not have APP_CMD status. Sending the response of CMD41 in idle
staté means the card/is accepted as legal ACMD41.

o As APP-CMD status is defined as "clear by read", APP_CMD status, which is set by ACMD41, may
be indicated in the response of next CMD11 or CMD3. However, as ACMD11 and ACMD3 are not
defined, it is/not necessary to set APP_CMD status.

e Host should ignore APP_CMD status in the response of CMD11 and CMD3.

4.3.9.2 General Command - GEN_CMD (CMD56)
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4.3.10 Switch Function Command

4.3.10.1 General
Switch function command (CMDS6) 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:
A specific function can be extended and controlled by a set of shared commands:
(3) Driver Strength
Selection of suitable output driver strength in UHS-I modes depends on host environment.
(4) Power Limit
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 accountforthe two power supply
voltages on UHS Il cards.

This was introduced in the Physical Layer Specification Version 1:10. Therefore, cards that are compatible
with earlier versions of the spec do not support it. The host should,check the'"SD_SPEC" field in the SCR
register to identify what version of the spec the card complies\with before using CMDG. It is also possible
to check support of CMD6 by bit10 of CCC in CSD. It isimandatory for an SD memory card of Version
1.10 and higher to support CMD6.

CMDE is valid under the "Transfer State". Once selected, viathe switch command, all functions only return
to the default function after a power cycle, CMD6 (Mode 1 operation with Function 0 in each function
group) or CMDO. Executing a power cycle or issuing-CMDO'will cause the card to reset to the "idle" state
and all the functions to switch back to the defaultfunction:

As a response to CMD6, the SD Memory Card'will send R1 response on the CMD line and 512 bits of
status on the DAT lines. From the SD bustransaction’point of view, this is a standard single block read
transaction and the time out value of this command is 100 ms, the same as in read command. If CRC
error occurs on the status data, the host,should/issue a power cycle.

CMD6 function switching period is within-8.clocks after the end bit of status data. When CMD6 changes
the bus behavior (i.e. access.mode), the hest is allowed to use the new functions (increase/decrease CLK
frequency beyond the current-max CLK/frequency), at least 8 clocks after at the end of the switch
command transaction (see Figure 4-14).

In response to CMDO, the switching period is within 8 clocks after the end bit of CMDO0. When CMD6 has
changed the bus behavior (i.e.'access mode) the host is allowed to start the initialization process, at least
8 clocks after at the €MDO.
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Check function | (Mode=0)
cwp | cmps | | Res |
e

DAT

Card internal | Status DataI

execution

Switch function

Function change timing:-within 8

(Mode=1) /_ clocks
CMD | CMD6 | | Res | /
— >,

DAT

Card internal | Status Datal

execution

Current function

Switched function

Figure 4-14 : Use of Switch/ Command

CMD6 supports six function groups, and each function group supports sixteen branches (functions). Only
one function can be chosen and active in a given function group. Function 0 in each function group is the

default function (compatible with Spec. 1.01).

CMD6 can be used in two modes:
o Mode 0 (Check function) is used toquery-if the card supports a specific function or functions.
o Mode 1 (set function) is used to switch the functionality of the card.
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4.3.10.2 Mode 0 Operation - Check Function
CMD6 mode 0 is used to query which functions the card supports, and to identify the maximum
current/power consumption of the card under the selected functions.
Refer to Table 4-32: 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:
o Set the Mode bit to 0
o Select only one function in each function group. Selection of default function is done by setting the
function to 0x0. Select a specific function by using appropriate values from Table 4-11: Selecting OxF
will keep the current function that has been selected for the function 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).

In response to a query, the switch function will return the following 3/statuses (see’Table 4-13):
¢ The functions that are supported by each of the function groups
e The function that the card will switch to in each of the function groups: This value is identical to the
provided argument if the host made a valid selection or OXF if the selected function was invalid.
¢ Maximum current/power consumption under the selected functions. If one of the selected functions
was wrong, the return value will be 0.

4.3.10.3 Mode 1 Operation - Set Function
CMD6 mode 1 is used to switch the functionality of the card.

Switching to a new functionality is done by:

o Setting the Mode bit to 1

o Selecting only one function in each function\group. Selection of default function is done by setting
the function to 0x0. It is recommended tospecify OxF (no influence) for all selected functions, except
for functions that need to be changed. Selecting OxF will keep the current function for the function
group.

¢ When a function cannot be switched becausg it is busy, the card returns the current function number
(not returns OxF), the other functions in the other groups may still be switched.

In response to a set function; the switch function will return the following 3 statuses:
e The functions that are supported-by each of the function groups
e The function that is the result’'of the switch command. In case of invalid selection of one function or
more, all set values are ignored and no change will be done (identical to the case where the host
selects OxF-for-all functions groups). The response to an invalid selection of function will be OxF.

o Maximum current/power consumption under the selected functions. If one of the selected functions
was wrong, the return value will be 0.
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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 P_o wer Driver Command Acces*s
Limit® | Strength | system mode™
0x0 Default™ Default? | Default™ Default™ Default™
0.72W Type B [ SDR12
0x1 Reserved | Reserved 1.44W Type A For eC | | High-Speed
/' SDR25
0x2 Reserved | Reserved | 2.16W Type C Regserved SDR50
0x3 Reserved | Reserved [ 2.88W Type D OTP SDR104
0x4 Reserved | Reserved 1.80W Reserved ASSD DDR50
0x5 Reserved | Reserved | Reserved | Reserved\ | Reserved | Reserved
0x6 Reserved | Reserved | Reserved | Reserved\ | Reserved | Reserved
0x7 Reserved | Reserved | Reserved | Reserved | Reserved | Reserved
0x8 Reserved | Reserved | Reserved{ Reserved./ Reserved | Reserved
0x9 Reserved | Reserved | Reserved.| Reserved | Reserved | Reserved
OxA Reserved | Reserved | Reserved| Reserved | Reserved | Reserved
0xB Reserved | Reserved | Reserved | Reserved | Reserved | Reserved
0xC Reserved | Reserved | Reserved | Reserved (eSD) Reserved
0xD Reserved | Reserved | Reserved | Reserved | Reserved | Reserved
OxE Reserved | Reserved-| Reserved | Reserved Vendor Reserved
specific
OxF No influence

Note1: Bus Speed Mode is alias ©0f Access Mode.
Note2: "Default" of Function 0 meansthat a-function of just after the card initialized.
Note3: Notes for Power Limit

(1) Function 2 and 3 may-be used only for embedded devices.

(2) Allowed power consumption-forremovable cards shall be up to 1.80W, even though the Power

Limit is set to 2.16W. or 2:88W,
Table 4-11 : Available Functions of CMD6

Function Group 1-is defined as Bus 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, SDR and DDR
modes are assigned from function 0 to function 4.

Function Group-2'is ‘defined for Command System extension. CMD34-37, CMD50 and CMD57 are
reserved for SB. command system. OTP and ASSD are added. Refer to Part A1 Advanced Security
Extension (McEX), 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. Refer to Section Error! Reference source not found. for more detail.

Function Group 4 is defined as Power Limit switch for total card power consumable. This field is set
according to host power supply capability.
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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 UHS-II modes. The default value
of the Power Limit is 0.72W (minimum setting). In Legacy SD and UHS-I cards that have only VDD1
and not VDD2, this translates to 200mA at 3.6V.

In UHS-I mode, after selecting one of SDR50, SDR104 or DDR50 mode by Function Group 1, host
needs to change the Power Limit to enable the card to operate in higher performance. In UHS-II
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 sum of VDD1 and VDD2 power consumption.

In the other cases which may consume power by some function.operations, such functions should
have a function enable method (it will be defined in each Function Specification). After setting Power
Limit, functions should be enabled by the function initialization. in case a function is not provided with
enough power, it will fail initialization and the function is disabled by-the card. If a function does not
have a function enable method, the function shall work in 0:72W.

Power restriction described in Table 3-6, Table 3-9 and.Section 6.6.3 are the case of all functions are

disabled.
Function 0-F FO | F1 | F2 | F3 | F4 F5-FE FF
Non UHS Mode | 1 X X X X 0 .. 0 1
UHS Mode 1 1 1 1 1 0... 0 1

Note 1: Same values are assigned to all X's:either 0 or 1.
Note 2: For Card compliant to Ver3.0x, ‘all X are equal to 0 in Non UHS Mode and
the support bit for F4 is set to 0 in UHS Mode.

For example, in UHS-I card, when the maximum power of a card is 1.08W (300mA at 3.6V on VDD1), the
card operates at up to 0.72W (200mA-at 3.6V on VDD1) when the Current Limit is set to 0.72W and up
to 1.08W when Power Limit is set to’ 1.44W, 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
Function 2 2.16W 600mA Note 6
Fuanction. 3 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
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-Ilmode.

Note 3: Function/2 and 3 cannot be used in UHS-Il mode.

Note4: UHS Host should support power supply capability of 400mA for VDD1 and 200mA for VDD2.
VDD1 only Host should set to Function 0 or 1.

Note 5:Hogst needs to support VDD2 to use UHS-II 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-1 and UHS-II 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 Mechanical Addenda for more
details.

The followings are requirements in UHS-II 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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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 group. Maximum current
consumption will be used only for the new function added through this command. In this case,
VDD_R_CURR_MIN, VDD_W_CURR_MIN, VDD_R_CURR_MAX and VDD_W., 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

Width

511:496

Maximum Current/Power Consumption

This field indicates total current/power consumption‘of the card.including
enabled functions selected by the Function Selection ([399:376] bits) dependent
on selected Bus Speed Mode.

The host should check the maximum current consumption by mode 0 operation
and verify that it can supply the necessary current/power.before executing
mode 1 operation.

Especially in UHS-I or UHS-II mode, this field is related/to Current Limit / Power
Limit setting. CMD6 mode 0 indicates the maximum current/power of a selected
bus speed mode regardless of the setting of Current Limit / Power Limit. CMD6
mode 1 indicates the maximum current/power of a selected bus speed mode
depending on the setting of Current Limit.

Definition for SD I/F Mode

Value Maximum Current(Power) Consumption at 3.6V
0 Error

1 1mA (3.6mW)

2 2mA (7.2mW)

3 3mA (10.8mW)

65,535 65,535mA (235926mW)

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

Definition-for UHS-II\Mode
For UHS-Il Card, this field is defined as Maximum Power Consumption. Total
maximum power consumption of Vpp1 and Vppz is indicated. The definition of
Rower Consumption in this field is equivalent to Current Consumption at 3.6V.
Refer.to Current Limit / Power Limit in Section 4.3.10.3 about the relation
between/power and current of VDD1 and VDD2.

Value Maximum Power Consumption
0 Error

1 3.6mW (= 1mA x 3.6V)

2 7.2mW (= 2mA x 3.6V)

3 10.8mW (= 3mA x 3.6V)
65,535 235926mwW

16
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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 0 are 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 0 are always enabled. 16
If a bit 464+i is set, function i is supported (i = Function 15 to 0)
463:448 Support Bits of Functions in Function Group 4

Each bit corresponds to a function. Function 15 and 0 are always enabled. 16
If a bit 448+i is set, function i is supported (i = Function 15 to 0)
447:432 Support Bits of Functions in Function Group 3

Each bit corresponds to a function. Function 15 and 0 are always enabled. 16
If a bit 432+i is set, function i is supported (i = Function 15 10 0)
431:416 Support Bits of Functions in Function Group 2

Each bit corresponds to a function. Function 15 and 0/are always enabled. 16
If a bit 416+i is set, function i is supported (i = Function“15 to 0)
415:400 Support Bits of Functions in Function Group 1

Each bit corresponds to a function. Function 15 and 0 are always enabled. 16
If a bit 400+i is set, function i is supported (i = Function 15 to 0)

399:396 [Function Selection of Function Group 6

mode 0 - The function which can be switched in function‘group 6.

mode 1 - The function which is result of the switch command, in function group 6.
0xF shows function set error with the argument.

395:392 [Function Selection of Function Group-5

mode 0 - The function which can be switched in-function group 5.

mode 1 - The function which is result of the switch command, in function group 5.
0xF shows function set error with the argument.

391:388 [Function Selection of Function Group 4

mode 0 - The function which can’be-switched in function group 4.

mode 1 - The function which'is result of the switch command, in function group 4.
0xF shows function set erfor with-the‘argument.

387:384 [Function Selection of Function Group 3

mode 0 - The function which.can'be switched in function group 3.

mode 1 - The function which-is-result of the switch command, in function group 3.
0xF shows function seterror,with the argument.

383:380 [Function Selection of Function Group 2

mode 0 - The function which can be switched in function group 2.

mode 1 - The function which is result of the switch command, in function group 2.
0xF/shows function set error with the argument.

379:376 [Function Selection of Function Group 1

mode 0 - The function which can be switched in function group 1.

mode 1'-= The function which is result of the switch command, in function group 1.
0xF shows/function set error with the argument.

375:368 |Data Structure Version

00h — bits 511:376 are defined

01h - bits 511:272 are defined

02h-FFh — reserved

367:352 Reserved for Busy Status of functions in group 6

If bit [i] is set, function [i] is busy. This field can be read in mode 0 and mode 1
351:336 [Reserved for Busy Status of functions in group 5

If bit [i] is set, function [i] is busy. This field can be read in mode 0 and mode 1

16

16
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Bits Description Width
335:320 [Reserved for Busy Status of functions in group 4 16
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 16
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 16

If bit [i] is set, function [i] is busy. This field can be read in mode 0 and’'mode 1
287:272 Reserved for Busy Status of functions in group 1 16
If bit [i] is set, function [i] is busy. This field can be read in mode 0 and mode 1

271:0 |Reserved (All'0") 272

Table 4-13 : Status Data Structure

4.3.10.4.1 Busy Status Indication for Functions

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 the‘corresponding function. Switch command
mode 1 can be applied only to ready functions.

If the function failed to be switched in mode 1 operation and'returns the current function number in the
response, the function is considered busy. The mode 1 operation.may 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 defined below.

Function Group 2
303 | 302 | 301 | 300 | 299 | 298 | 297 | 296 295 294 | 293 | 292 291 | 290 | 289 | 288
0 VS |0 0 0 0 0 0 0 0 0 ASSD | 0 0 eC |0
Note: 0: Ready 1: Busy
Figure 4-15 : Busy Status of '‘Command System’

4.3.10.4.2 Data Structure Version
Data Structure Version indicates effective bit fields of the Switch Function Status. The cards can set either
00h or 01h. When this field is'set to 01,/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

Table 4-14 : Data Structure Version

4.3.104.3 Function Table of Switch Command

Table 4-15, Table 4-16/and Table 4-17 shows possible combinations of the function switch.
"Argument™indicates 4<bit code specified in the argument of switch command (bits 23-0). "Busy Status”
indicates the-function'is busy as defined below.

"Status Code" indicates 4-bit code in the Status Data Structure, bits 399-376.
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Argument Busy Status | Status Code Comment
0 Don't Care 0 Status indicates a default function, which is
always supported.
Status indicates that the function specified in
Ready =Arg. the argument is supported “and can be
Supported function switched.
PP Status indicates that the function. specified in
Current ,
Busy the argument is supported ‘but cannot be
Selected . N\
switched because the function.is busy.
Not Supported function| Don't Care Fh Status |nd|cat<_as that the function specified in
the argumentis not supported.
Fh Don't Care Current Status indjcates current selected function
Selected

Table 4-15 : Status Code of Mode 0 to Supported Function Group

Argument Busy Status | Status Code Comment

0 Don't Care 0 Default function can always be switched.
Status ‘indicates the same function number as
Ready =Arg. specified in the argument, which means|

Supported function successful function change.
Busy Current  [Switch function is can_celed and status indicates
Selected |current selected function.
If/one of the function groups indicates an erron
Not Supported Don't Care £h 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.
' Current - .
Fh Don't Care 3 Status indicates current selected function
elected

Table 4-16 : Status Code of Mode 1 to Supported Function Group

Argument Busy Status | Status Code Comment
0 Don't Care 0 Status always indicates 0.
Eh-<1h Don't Care Fh Status always indicates Fh.
Fh Don't Care 0 Status always indicates 0.

Table 4-17 : Status Code of Mode 0 and 1 to Unsupported Function Group
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4.3.10.5 Relationship between CMD6 Data and Other Commands

4.3.10.6 Switch Function Flow Example

4.3.10.7 Example of Checking

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 Physical Layer Specification
Version 1.01.
After power up, the SD memory card is in the default speed mode, and by using ‘Switch Function
command (CMD6), the Version 1.10 and higher SD memory card can be placed in High-Speed mode.
The High-Speed function is a function in the access mode group (see Table 4-11). Supporting High-Speed
mode is optional.

Because it is not possible to control two cards or more in the case that €ach ofthem has a different timing
mode (Default and High-Speed mode) and in order to satisfy severe’timing, the host shall drive only one
card. CLK/CMD/DAT signal shall be connected in 1-to-1 between the‘host-and the card.

4.3.12 Command System
SD commands CMD34-37, CMD50, and CMD57 are reserved for 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 transaction (i.e. command without data transfer, single
block read, multiple block write, etc.) of these commands. Supporting Command system is optional
¢ When the "standard command set" (default function 0x0) is/selected, these commands will not be
recognized by the card and will be considered as'illegal commands (as defined in the Physical Layer
Specification Version 1.01)
¢ When the "vendor specific" (function OxE) is/selected, the behaviors of these commands are vendor
specific. They are not defined by this standard and may change for different card vendors.
e When the "mobile e-commerce" (function ‘0x1) is selected, the behavior of these commands is
governed by the SD Specifications Part A1:-Mobile Commerce Extension Specification.

When either of these extensions is used, special care should be given to proper selection of the command
set function; otherwise, the host command may-be interpreted incorrectly.

All other commands of the SD.memory card (not reserved for the switch commands) are always available
and will be executed as defined in this document regardless of the currently selected commands set.
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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.
e 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 support initialization-of. SDHC Card and the

expansion is also applied to SDXC and SDUC Card.

Table 4-18 shows the format of CMDS.

Bit position | 47 46 [45:40] [39:22] 21 20 [19:18] [15:8] | [7:1] 0
Width (bits) 1 1 6 18 1 1 4 8 7 1
Value ‘0’ "' '001000" | '00000h' X X X X X "1’
. PCle 1:2V\/|/ PCle | Voltage
Description Sé?[rt Transl;?;ssmn Cﬂ?c:gind Rez?trsved Support V A_v_ail- suppl%d g;fecri CRC7 Ebri'td
ability?| (VHS)
1) Host asks whether card supports VDD3 (1.2V power rail)
0b: Not asking 1.2V support
1b: Asking 1.2V support (VDD3 is supported by host.
VDD3 shall be used if card supports it, too.)
2) Host asks card’s PCle availability
Ob: Not asking PCle availability
1b: Asking PCle availability (PCle interface is supported by host.
PCle interface shall be used if card supports it;.to0:)
Voltage Supplied Value Definition
0000b Not Defined
0001b 2.7-3.6V
0010b Reserved for Low Voltage Range
0100b Reserved
1000b Reserved
Others Not Defined

Table 4-18 : Format of CMD8

When the card jis-in Idle state, the host shall issue CMD8 before ACMDA41. In the argument, 'voltage
supplied' is Set'to the host supply 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 response. In the response, the card echoes back both the voltage range and check
pattern set in the argument. If the card does not support the host supply voltage, it shall not return
response and-stays.in Idle state. shows the card operation for CMD8.

Refer to Low Voltage'Interface Addendum for VHS Value Definition during LV initialization.
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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,
SDUC:

e Command Argument
SDHC and SDXC use the 32-bit argument of memory access commands-as block address format.
Block length is fixed to 512 bytes regardless CMD16,
SDSC uses the 32-bit argument of memory access commands as byte address format. Block length
is determined by CMD16,
i.e.

(a) Argument 0001h is byte address 0001h in the SDSC and 0001h block in SDHC and SDXC
(b) Argument 0200h is byte address 0200h in the SDSC and"0200h/block in SDHC and SDXC

Refer to Section 4.20.2 for SDUC.

o Partial Access and Misalign Access
SDHC, SDXC and SDUC disable Partial access and Misalign access (crossing physical block
boundary) as the block address is used. Access is only granted based on block addressing.

o Set Block Length
SDHC, SDXC and SDUC use 512-byte fixed block/length formemory access commands regardless
of the block length set by CMD16. The setting of the block length does not affect the memory access
commands. CMDA42 is not classified as a memory access command. The data block size shall be
specified by CMD16 and the block length can-be setup to 512 bytes. Setting block length larger than
512 bytes sets the BLOCK_LEN_ERROR error bit'regardless of the card capacity.

o Write Protected Group
SDHC, SDXC and SDUC do not support write-protected groups. Issuing CMD28, CMD29 and
CMD30 generates the ILLEGAL_COMMAND error.
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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 shall be stopped after the first 512 Bytes. Then
the host will fill its internal buffer with another 512 Bytes. After the second half of the write block is ready
in the host, it will continue the data transfer to the card by re-starting the clock supply.In.such a way, the
card does not recognize any interruptions in the data transfer.
There are a few restrictions the host shall consider:
e The bus frequency can be changed at any time (under the restrictions of maximum data transfer
frequency and the identification frequency defined by the specification document).
o An exemption to the above is ACMD41 (SD_APP_OP_COND). After issuing-the command ACMDA41,
the following 1) or 2) procedures shall be done by the host until'the card becomes ready.
1) Issue continuous clock in the frequency range of 100 KHz-400 KHz.
If the host wants to stop the clock, poll busy bit by ACMD41 command at less'than 50 ms intervals.

100KHz-400KHz clocks
1) K — sy T A e

1st 2nd 3rd
CMD | = |
(ACMD41)
Polling less than 50ms interval
CLK
2) -|/ < 50ms L~ < 50ms |-
oD st [ 2nd I 3rd
(ACMD41) | [y |

e |tis an obvious requirement that the clock shall be running for the card to output data or response
tokens. After the last SD Memory Card-bus transaction, the host is required, to provide 8 (eight) clock
cycles for the card to complete/the operation/before shutting down the clock. Following is a list of the
various bus transactions:

*A command with no 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 transaction: 8 clocks after the CRC status token.

e The host is allowed to shut down the clock of a "busy" card. The card will complete the programming
operation regardless 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 deselect
command‘-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 the CSD and CID
registers. The CRC7 is a 7-bit value and is computed as follows:

Generator polynomial: G(x) = x” + x3 + 1.

M(x) = (first bit) * x" + (second bit) * x™*! +...+ (last bit) * x°

CRC[6...0] = Remainder [(M(x) * x")/G(x)]
The first bit is the most left bit of the corresponding bit string (of the command, 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 420 for'the CSD and CID (n = 119).

data out
—>

ot
1

Figure 4-20 : CRC7 Generator/Checker

* CRCY7 Examples
The CRC section of the command/response’is bolded.

CMDO (Argument=0) --> 01,000006.00000000000000000000000000000000 "1001010" 1
CMD17 (Argument=0) --> 01 010001 00000000000000000000000000000000 "0101010" 1
Response of CMD17 --> 00 010001 00000000000000000000100100000000 "0110011" 1
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e 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) = x'6 +x12 +x5 +1

M(x) = (first bit) * x" + (second bit)* x™' +...+ (last bit) * x°

CRCJ[15...0] = Remainder [(M(x) * x'6)/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 minimal distance 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 wide bus mode.
In wide bus mode, the CRC16 is done on each line separately.

data out

Figure 4-21 : CRC16 Generator/Checker

* CRC16 Example
512 bytes with OxFF data --> CRC16 = 0x7FA1
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4.6 Error Conditions

4.6.1 CRC and lllegal 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, shall not response
and shall set the ILLEGAL_COMMAND error bit in the status register. Only the non-erroneous state
branches are shown in the state diagrams (see Figure 4-1 and Figure 4-13).
Table 4-35 contains a complete state transition description.
There are different kinds of illegal commands:

¢ Commands that belong to classes not supported by the card (e.g. write commands in read only

cards).
e Commands not allowed in the current state (e.g. CMD2 in Transgfer State).
e Commands that are not defined (e.g. CMD5).

4.6.2 Read, Write and Erase Timeout Conditions
A card shall complete the command within the time period defined as follows 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. reset the card, power cycle, reject, etc.).

4.6.2.1 Read

For a Standard Capacity SD Memory Card, the times after which a timeout condition for read operations
occurs are (card independent) either 100 times longer than the typical access times for these operations
given below or 100 ms (the lower of the two). The\read access time is defined as the sum of the two
times given by the CSD parameters TAAC-and NSAC) (see Section 5.3). In the case of a single read
operation, these card parameters define the-typical delay between the end bit of the read command and
the start bit of the data block. In the case of -a multiple-read operation, they also define the typical delay
between the end bit of a data block and.the start bit of next data block.

A High Capacity SD Memory Card and/Extended Capacity SD Memory Card indicate TAAC and NSAC
as fixed values. The host should use 100 ms timeout (minimum) for single and multiple read operations
rather than using TAAC and NSAC.

4.6.2.2 Write

For a Standard Capacity SD 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‘typical block program time obtained by multiplying the read access time by this factor. It
applies to allwrite commands (e.g. SET(CLR) WRITE_PROTECT, PROGRAM_CSD and the block write
commands). High Capacity SD Memory Card, Extended Capacity SD Memory Card and SDUC Memory
Card indicate R2W\FACTOR as a fixed value.

In case (of High Capacity’ SD Memory Card, maximum length of busy is defined as 250ms for all write
operation.

While the-eard should try to maintain that busy indication of write operation does not exceed 250ms in
the case of SDXC and SDUC card, if the card is not possible to maintain operations with 250ms busy, the
card can indicate’ write 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.
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¢) When multiple block write is stopped by CMD23, the busy after the last data block is up to 500ms.

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.and $DUC)

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

In UHS-Il mode, data is transferred by the unit of Data Burst. Data Burst consists of one or multiple data
blocks and is determined depends on capability of host and card. Busy is/not indicated after every block
but indicated after every Data Burst. The maximum busy, length after Data’Burst is defined as 1 second.
Refer to UHS-II Addendum about Data Burst for more détails.

Application Notes:

The host should use a fixed timeout for write operations rather.than using a timeout calculated from
the R2ZW_FACTOR parameter.

It is strongly recommended for hosts to implement more than 500ms timeout value even if the card
indicates the 250ms maximum busy length.

Even if the card supports Speed Class, any multiple block write operation may indicate a busy period
of up to a maximum of 250ms. The sum of the busy periods over an AU is limited by Speed Class.
In UHS-Il mode, refer to UHS-1I Addendum/about host timeout setting.

4.6.2.3 Erase
If the card supports parameters for erase timeout calculation in the SD Status, the host should use them
to determine erase timeout (see Section4.10.2). If the card does not support these parameters, erase
timeout can be estimated by block write-delay.
The duration of an erase command-can-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-II are defined in the UHS-1I Addendum.

4.7.1 Command Types
There are four kinds of commands defined to control the SD Memory Card:

e Broadcast commands (bc), 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 accept. it separately in its
turn.

e Broadcast commands with response (bcr)
response from all cards simultaneously - Since there is no Open Drain mode in'SD Memory Card,
this type of command shall be used only if all the CMD lines aré separated.- the command will be
accepted and responded by every card separately.

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

e Addressed (point-to-point) data transfer commands (adtc)
data transfer on DAT

All commands and responses are sent over the CMD line of the SD-Memory Card. The command
transmission always starts with the left bit of the bit string corresponding to the command codeword.

4.7.2 Command Format
All commands have a fixed code length of 48 bits.

Bit position 47 46 [45:40] [39:8] [7:1] 0

Width (bits) 1 1 6 32 7 1
Value ‘0’ "' X X X "'

Description | Start bit | Transmission bitf Command index Argument CRC7 End bit

Table 4-20: Command Format

A command always starts with a start bit (always 0), followed by the bit indicating the direction of
transmission (host = 1). The next 6/bits/indicate the index of the command, this value being interpreted
as a binary coded number. (between'0-and 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 commands are protected by a CRC (see Section 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 4-23 to Table'4-33.

4.7.3 Command Classes
The command set of.the SD Memory Card system is divided into several classes (See Table 4-21). Each
class supports a set of\.card functionalities.
Table 4-21._determines) the setting of CCC from the card supported commands. A CCC bit, which
corresponds/to a supported command number, is setto 1. A class in CCC includes mandatory commands
is always set to 1. Cards with specific functions may need to support some optional commands. For
example;-€ombo Card,shall support CMDS5.

Class 0, 2, 4, 5 and 8 are mandatory and shall be supported by all SD Memory Cards. Class 7 except
CMD40 is mandatory for SDHC, SDXC and SDUC. 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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Table 4-21 : Card Command Classes (CCCs) in SD Mode

Commands |Support requirements

CMDO Mandatory

CMD2 Mandatory

CMD3 Mandatory

CMD4 Mandatory

CMD5 Optional

CMD6 Mandatory for cards version 1.10 and after

CMD7 Mandatory

CMD8 Mandatory for cards version 2.00 and after

CMD9 Mandatory

cMD10 Mandatory

CMD11 Mandatory for cards supporting UHS-I.
Optional for cards that do not support UHS-I.

CMD12 Mandatory

CMD13 Mandatory

CMD15 Mandatory

CMD16 Mandatory

CMD17 Mandatory
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Commands |Support requirements

CMD18 Mandatory

CMD19 Mandatory for cards supporting UHS-I.
Optional for cards that do not support UHS-I.

CMD20 Not supported for SDSC cards.
Mandatory for SDHC, SDXC and SDUC cards that support Video Speed
Class.

Optional for SDHC cards that support:
a) Speed Class; or
b) UHS Speed Grade,
and do not support Video Speed Class.
Mandatory for SDXC and SDUC cards that support Speed Class or UHS
Speed Grade.

CMD21 Optional

CMD22 Not supported for SDHC and SDXC cards.
Mandatory for SDUC cards.

CMD23 Not supported for SDSC cards.

Mandatory for SDHC, SDXC and SDUC cards that support UHS104.
Optional for SDHC, SDXC and SDUC cards that do-hot support UHS104.

CMD24 Mandatory for writable types of cards

CMD25 Mandatory for writable types of cards

CMD27 Mandatory for writable types of cards

CMD28 Optional

CMD29 Optional

CMD30 Optional

CMD32 Mandatory for writable types-of cards

CMD33 Mandatory for writable types)of cards

CMD34-37 | Optional for cards-version 1.10 and after

CMD38 Mandatory for writable types of cards
Discard and FULEsupport is optional

CMD40 Optional

CMDA42 Optional\ for cards version 1.01 and 1.10.

Mandatory for cards version 2.00 and after.
COP support is optional for CMD42

CMDA43-47-. | Mandatory for cards supporting Command Queue

CMD48 Optional
Mandatory for cards supporting Performance Enhancement functions (refer
to 5.8.2)

CMD49 Optional
Mandatory for cards supporting Performance Enhancement functions (refer
t0'5.8.2)

CMD50 Optional for cards version 1.10 and after

CMD&2 Optional

CMD53 Optional

CMD55 Mandatory

CMD56 Mandatory

CMD57 Optional for cards version 1.10 and after
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Commands |Support requirements

CMD58 Optional

CMD59 Optional

ACMDG6 Mandatory

ACMD13 Mandatory

ACMD14 Optional

ACMD15 Optional

ACMD16 Optional

ACMD22 Mandatory for writable types of cards
ACMD23 Mandatory for writable types of cards
ACMD28 Optional

ACMD41 Mandatory

ACMD42 Mandatory

ACMD51 Mandatory

Table 4-22 : Command Support Requirements

96



©Copyright 2001-2020 SD Card Association
Physical Layer Simplified Specification Version 8.00

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 Section 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

INDEX type argument resp abbreviation command description
CMDO |bc [31:0] stuff bits |- GO_IDLE_STATE Resets all cards to idle state
CMD1 reserved
CMD2 |bcr [31:0] stuff bits |R2 ALL _SEND_CID Asks any cardto send'the CID num-

bers/on the CMD  line (any card that is
connected'to'the host will respond)

CMD3 |bcr [31:0] stuff bits |R6 SEND_RELATIVE_ Ask’'the card to publish a new relative
ADDR address (RCA)

CMD4 |bc [31:16] DSR - SET_DSR Programs the’'DSR of all cards
[15:0] stuff bits

CMD5 |reserved for I/O cards (refer to "SDIO Card Specification™)
CMD7 |ac [31:16] RCA R1b SELECT/DESELECT _ | Command toggles a card between the

[15:0] stuff bits  [(only |CARD stand-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]reserved- | 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.
[7:0]check Reserved bits shall be set to '0'".
pattern

CMD9 |ac [31:16]RCA R2 SEND_CSD Addressed card sends its card-specific
[15:0] stuff\bits data (CSD) on the CMD line.

CMD10 /|ac [31:16] RCA R2 SEND_CID Addressed card sends its card identi-
[15:0) stuff bits fication (CID) on CMD the line.

CMD11 \ |ae [31:0]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
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CMD
INDEX

type

argument

resp

abbreviation

command description

CMD13

ac

[31:16] RCA
[15] Send Task
Status Register

[14:0] stuff bits

R1

SEND_STATUS/SEN

D_TASK_STATUS

CQ not enabled:

[15] = ‘0’ or “1°, Addressed card sends
its status register

CQ enabled:

[15]='0’, Addressed card sends its
status register.

[15]="1", Addressed card sends task
status register:

CMD14

Reserv

ed

CMD15

ac

[31:16] RCA
[15:0] reserved
bits

GO_INACTIVE_
STATE

Sendsran addressed card into the
Inactive State. This command is used
when/the hostexplicitly wants to
deactivate a card. Reserved bits shall
be set'to '0",

Table 4-23 : Basic Commands (class 0)

CMD
INDEX

type

argument

resp

abbreviation

command description

CMD16

ac

[31:0] block
length

R1

SET_BLOCKLEN

In the case of a Standard Capacity SD
Memory Card, this command sets the
block length (in bytes) for all following
block commands (read, write, lock).
Default block length is fixed to 512
Bytes. Set length is valid for memory
access commands only if partial block
read operation are allowed in CSD.

In the case of SDHC, SDXC and SDUC
Cards, block 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
length shall always be even.

CMD17

adtc

[31.0]\data
address?

R1

READ_SINGLE_
BLOCK

In the case of a Standard Capacity SD
Memory Card, this command, this
command reads a block of the size
selected by the SET_BLOCKLEN
command.’

In case of SDHC, SDXC and SDUC
Cards, block length is fixed 512 Bytes
regardless of the SET_BLOCKLEN
command.
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il type argument resp abbreviation command description
INDEX
CMD18 |adtc [[31:0] data R1 READ_MULTIPLE_ Continuously transfers data blocks from
address? BLOCK card to host until interrupted by a
STOP_TRANSMISSION command.
Block length is specified the same as
READ_SINGLE_BLOCK command.
CMD19 |adtc [[31:0]reserved |R1 SEND_TUNING _ 64 bytes tuningattern.is 'sent for SDR50
bits (all 0) BLOCK and SDR104.
CMD20 |ac [31:28]Speed R1b SPEED_CLASS_CON |Speed Class control.command.
Class Control TROL [27:0]) Speed Class'- 4.13.2.8
[27:0]See [27:0] UHS Speed Grade - See Section
command 4:13.2.8
description [27:0]Video Speed Class - See Section
413.4.7
CMD22 |ac [31:6] reserved |R1 ADDRESS_EXTENSI Address.extension for SDUC cards.
bits (all 0) ON FornCMD17, CMD18, CMD24, CMD25,
[5:0] extended CMD32, CMD33, 6-bit extended address
address is( assigned to upper part of 512B unit
sector address.
For-CMD20 Set Free AU, 6-bit extended
address is assigned to upper part of
512KB unit address.
CMD23 |ac [31:0] Block R1 SET_BLEOCK COUNT |Specify block count for CMD18 and
Count CMD25.

1) The data transferred shall not cross a physical block-boundary unless READ_BLK_MISALIGN is set in the CSD.
2) SDSC Card (CCS=0) uses byte unit address and/SDHC and SDXC Cards (CCS=1) use block unit address (512 Bytes

unit).
Table 4-24 : Block-Oriented Read Commands (class 2)
Sl type argument res abbreviation command description
CMD16 |ac |[31:0] block R1 SET_BLOCKLEN See description in Table 4-24
length
CMD20 |ac [31:28]Speed |R1b [SPEED_CLASS_CONTRO |Speed Class control command.
Class Caontrol L [27:0] Speed Class - 4.13.2.8
[27:0]See [27:0] UHS Speed Grade - See Section
command 4.13.2.8
description [27:0] Video Speed Class - See Section
41347
CMD22 | |ac [31:6] reserved | R1 ADDRESS_EXTENSION Address extension for SDUC cards.
bits (all.0) For CMD17, CMD18, CMD24, CMD25,
[5:0] extended CMD32, CMD33, 6-bit extended
address address is assigned to upper part of

512B unit sector address.

For CMD20 Set Free AU, 6-bit extended
address is assigned to upper part of
512KB unit address.
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CMD I I
INDEX type argument resp abbreviation command description
CMD23 |ac [31:0] Block R1 SET_BLOCK_COUNT Specify block count for CMD18 and
Count CMD25.
CMD24 |adtc |[31:0] data R1 WRITE_BLOCK In case of SDSC Card, block length is
address? set by the SET_BLOCKLEN
command’.
In case of SDHC,'SDXC and SDUC
Cards, block-length\is fixed 512 Bytes
regardless ofthe SET. BLOCKLEN
command.
CMD25 |adtc |[31:0] data R1 WRITE_MULTIPLE_BLOCK |Continuously writes blocks of data until
address? a 8TOP_TRANSMISSION follows.
Block length is specified the same as
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 transferred shall not cross a physical block boundary unless WRITE_BLK_MISALIGN is set in the CSD. In the
case that write partial blocks is not supported, then the block length=default block length (given in CSD).
2) SDSC Card (CCS=0) uses byte unit address and SDHC and SDXC Cards (CCS=1) use block unit address (512 bytes unit).

Table 4-25 : Block-Oriented Write Commands (class 4)

CcMD O\ o
INDEX type | argument resp abbreviation command description
CMD28 |ac [31:0] data R1b SET_WRITE_PROT |If the card has write protection features,
address? this command sets the write protection bit

of the addressed group. The properties of
write protection are coded in the card
specific data (WP_GRP_SIZE).

SDHC, SDXC and SDUC Cards do not
support this command.

CMD29 |ac [31:0] data R1b CLR_WRITE_PROT |Ifthe card provides write protection features,
address? this command clears the write protection bit
of the addressed group.

SDHC, SDXC and SDUC Cards do not
support this command.

CMD30 |adtc” |[31:0] write R1 SEND_WRITE_ If the card provides write protection
protect data PROT features, this command asks the card to
address? send the status of the write protection bits.!

SDHC, SDXC and SDUC Cards do not
support this command.

CMD31 \|Reserved

1) 32 write protection bits (representing 32 write protect groups starting at the specified address) followed by 16 CRC bits
are transferred in‘a payload format via the data line. The last (least significant) bit of the protection bits corresponds to
the first addressed/group. If the addresses of the last groups 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 Capacity SD Memory Card.

Table 4-26 : Block Oriented Write Protection Commands (class 6)
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CMD . .
INDEX type argument resp abbreviation command description
CMD32 |ac [31:0] data R1 ERASE_WR BLK Sets the address of the first write

address’ START block to be erased.
CMD33 |ac [31:0] data R1 ERASE_WR _BLK _END | Sets the address of the last write
address'’ block of the continuous range to be
erased.
CMD38 |ac [31:0] Erase R1b ERASE Erase Function
Function 00000001h = Discard
00000002h-= FULE
Others = Erase
CMD39 |Reserved
CMD41 |Reserved

1) SDSC Card (CCS=0) uses byte unit address and SDHC and SDXC Cards' (CCS=1).use block unit address (512 bytes

unit).

2) CMD40 is moved to Table 4-28 (Class 7).
Table 4-27 : Erase Commands (class 5)

[15:0] stuff bits

|ﬁ|gn||5)x type| argument |resp abbreviation command description
CMD16 ac |[31:0] block R1 SET_BLOCKLEN See description in Table 4-24
length
CMD40 adtc |Defined by R1 Defined by DRS Single block read type. Available even if
DPS Spec. Spec. card is locked.
CMD42 adtc |[31:0] R1 LOCK/UNLOCK Used to set/reset the password or
Reserved bits lock/unlock the card. The size of the data
(Set all 0) block is set by the SET_BLOCK_LEN
command.
Reserved bits in the argument and in Lock
Card Data Structure shall be set to 0.
CMD51 reserved
Table 4-28 : Lock Card (class 7)
CMD L. oy
INDEX type | _argument | resp abbreviation command description
CMD55 ac \|[31:16] RCA R1 APP_CMD Indicates to the card that the next

command is an application specific
command rather than a standard
command
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Ihcl:lgnIIE)X type| argument | resp abbreviation command description
CMD56 adtc |[31:1] stuff bits. | R1 GEN_CMD Used either to transfer a data block to

[0]: RD/WR 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, SDXC and SDUC Cards, block
length is fixed to-512 bytes:“The host
sets’RD/WR=1for reading data from the
cardand sets to 0'for writing data to the
card.

CMD60-63 | reserved for manufacturer
Table 4-29 : Application-Specific Commands (class 8)

All the application-specific commands (given in Table 4-29) are’supported if Class 8 is allowed (mandatory
in SD Memory Card).

cMp [
INDEX | YP

CMD52-54 | Commands for SDIO (refer to "SDIO Card Specification”)
Table 4-30 : /0 Mode-Commands (class 9)

argument | resp abbreviation command description

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).

ﬁ“l%“é?( type argument resp abbreviation command description

ACMD1-5 Reserved

ACMD6 ac [31:2] stuff bits R1 SET_BUS_WIDTH Defines the data bus width ('00'=1bit
[1:0jbus width or '"10'=4 bits bus) to be used for data
transfer. The allowed data bus widths
are given in SCR register.

ACMD7-12 /|Reserved

ACMD13 adtc [{31:0] stuff bits R1 SD_STATUS Send the SD Status. The status fields
are given in Table 4-44.

ACMD14-16 | Reseryed for DPS Specification

ACMD17 Reserved

ACMD18 | Reserved for SD security applications

ACMD19-21 | Reserved
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ACMD

INDEX type argument resp abbreviation command description

ACMD22 adtc |[31:0] stuff bits R1 SEND_NUM_WR _ Send the number of the written (with-
BLOCKS out errors) write blocks. Responds with
32bit+CRC data block.

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 _BLK Set the humber of write blocks to be
[22:0]Number of ERASE_COUNT pre-erased before writing (to be used
blocks for faster Multiple Block WR com-

mand). "1"=default (one wr bIock)Z.
Not supported by SDUC card.

ACMD24 Reserved

ACMD25 | Reserved for SD security applications'

ACMD26 Reserved for SD security applications1

ACMD27 Shall not use this command

ACMD28 Reserved for DPS Specification

ACMD29 Reserved

ACMD30-35 | Reserved for Security Specification

ACMD36-37 |Reserved

ACMD38  |Reserved for SD security applications

ACMD39-40 | Reserved

ACMD41 ber  [[31]reserved bit R3,/ |SD-SEND_OP_COND |Sends host capacity support
[30]HCS(OCR[30]) 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 : ;
[24]S18R response on the CMD I|n_e. HCS is
[23:0] Voo Voltage effective when card receives
Window(OCR[23:0]) SEND_IF_COND command.

Sends request to switch to 1.8V
signaling (S18R).

Reserved bit shall be set to '0'. CCS
bit is assigned to OCR[30].

XPC controls the maximum power in
the default speed mode of SDXC
and SDUC card. XPC=0 means
0.36W (100mA at 3.6V on VDD1)
(max.) but speed class is not
supported. XPC=1 means 0.54W
(150mA at 3.6V on VDD1) (max.)
and speed class is supported.

ACMD42 ac [31:1] stuff bits R1 SET _CLR_CARD_ Connect[1]/Disconnect[0] the 50
[O]set_cd DETECT KOhm pull-up resistor on CD/DAT3

(pin 1) of the card.
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ﬁ:l%“é?( type argument resp abbreviation command description
ACMDA43-49 - - - Reserved for SD security applications1
ACMD51 adtc |[31:0] stuff bits R1 SEND_SCR Reads the SD Configuration Register

(SCR).
ACMDA52-54 | Reserved for Security Specification
ACMD55 Not exist Equivalent to’ CMD55.
Refer to Section 4.3.9.1.
ACMDS56-59 | Reserved for Security Specification

1) Refer to "Part3 Security Specification" for a detailed 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 4-31 : Application Specific Commands used/reserved by SD-Memory Card

Table 4-32 was added in version 1.10.

Sule type argument res abbreviation CELIET
INDEX | YP 9 P description
CMD6 |adtc [[31] Mode R1 SWITCH_FUNC |Checks switch-

0:Check function able function
1:Switch function (mode 0) and
[30:24] reserved (All '0") switch card func-
[23:20] reserved for function group 6 (Oh\or Fh) tion (mode 1).
[19:16] reserved for function group5 (Oh or Fh) See Section
[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 Meade
CMD34 |Reserved for each command system set by switch function command (CMD6).
cMD35 |Detailed definition is referred to’each command system specification.
CMD36
CMD37
CMD50
CMD57
Table 4-32 : Switch Function Commands (class 10)
CMD o oy
INDEX type argument resp abbreviation command description
CMD21 Reservedfor DPS Specification
CMD48 adtc  |[31]MIO R1 READ_EXTR_SINGLE |Single block read type.
0:Memory, 1:1/0 Refer to Section 5.7.2.1.
[30:27] FNO
[26] Reserved (=0)
[25:9] ADDR
[8:0] LEN
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CMD
INDEX

type

argument

resp

abbreviation

command description

CMD49

adtc

[31]MIO
0:Memory, 1:1/0

[30:27] FNO

[26] MW

[25:9] ADDR

[8:0] LEN/MASK

R1

WRITE_EXTR_SINGLE

Single block write type.
Refer to Section 5.7.2.2.

CMD58

adtc

[31]MIO
0:Memory, 1:1/0

[30:27] FNO

[26] BUS
0:512B, 1:32KB

[25:9] ADDR

[8:0] BUC

R1

READ_EXTR_MULTI

Multi-block read type.
Refer to Section 5.7.2.4.

CMD59

adtc

[31]MIO
0:Memory, 1:1/0

[30:27] FNO

[26] BUS
0:512B, 1:32KB

[25:9] ADDR

[8:0] BUC

R1

WRITE_EXTR”MULTI

Multi-block write type.
Refer to Section 5.7.2.5.

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

Table 4-33 : Function Extension Commands (class 11)

Ir\(l:IgnIIE)X type| argument\ |resp abbreviation command description
CMD43 ac |[31:21] R1b |Q_MANAGEMENT |Queue Management command
Reserved [3:0] Operation Code:
[20:16]: Task 0000b — Reserved
ID 0001b — Abort Entire Queue
[3:01: 0010b — Abort Task ID
Operation 0011b to 1111b - Reserved
Code
(Abort'tasks
etc.)
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Iﬁglgx type| argument |resp abbreviation command description
CMD44 ac |[31] Reserved |R1 Q_TASK INFO_A |Task Parameters for Command Queuing
[30] Direction [30] Direction:
[29:24] ‘1’ — Read
Extended ‘0’ — Write
Address [23] Priority :
[23] Priority ‘1’ — Priority request
[22:21] ‘0’ — No priority
Reserved [29:24] upper 6bitssADDR of“38-bit 512B
[20:16] Task unit address, for SDUC cards
ID
[15:0] Number
of Blocks
CMD45 ac |[[31:0] Start R1 Q_TASK INFO_B |Task Parameters for Command Queuing
block address
CMD46 adtc |[31:21] R1 Q_RD_TASK Executing Task Read operation
Reserved
[20:16] Task
ID
[15:0]
Reserved
CMD47 adtc |[31:21] R1 Q_WR_TASK Executing Task Write operation
Reserved
[20:16] Task
ID
[15:0]
Reserved

Table 4.7.4-1 : Command Queue Function Commands (class 1)
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4.7.5 Difference of SD Commands Definition in UHS-II
Table 4-34 shows the difference of SD commands definition when the card is in UHS-II mode.
SD-TRAN driver of host should manage the difference of SD commands functions. Not supported
commands should not issue to UHS-II 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-II packet functions.

Command | Description

CMDO Terminate SD transaction and reset SD-TRAN state.

CMD3 Returns Device ID in the response instead of RCA

CMD4 lllegal

CMD6 Function Group 1 and 3 are not used.

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 lllegal

CMD12 Normally, TLEN (data length) in UHS-II packet-is used to, stop data transfer.

CMD12 should be used to abort an operation when illegal’situation occurs.

CMD15 lllegal

CMD19 lllegal

CMD23 Not Affected. TLEN in UHS-II packet is-used to specify data length.

CMD55 Not Affected. ACMD is set by APP field-in' UHS-I| packet.

ACMD6 lllegal

ACMD42 lllegal

(1) Not Affected means that the command is/not.executed.in any card state, and response is returned
(response type is up to implementation).

(2) lllegal means that card returns response with NACK=1.

(3) As SDHC/SDXC/SDUC Cards do not'support CMD28, 29 and 30, these commands are also illegal in

UHS-II mode.

Table 4-34 : Difference of SD Commands Definition in UHS-II
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4.8 Card State Transition Table
Table 4-35 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
Commands = = = =
idle | ready | ident | stby | tran | data rcv prg dis ina
"Operation Complete" - - - - - tran - tran stby -
class 0
CMDO idle idle idle idle idle idle idle idle idle -
CMD2 - ident - - - : - 4 - -
CMD3 - - stby | stby - - - 5 - -
CMD4 - - - sthy - - - - - -
CMD?7, card is addressed - - - tran - - - prg -
CMD?7, card is not addressed - - - stby | stby—|. stby 5 dis - -
CMD8 idle - - £ - - - - - -
CMD9 - - - stby - - - - - -
CMD10 - - - stby - - - - - -
CMD11 - ready - - - 4 - - - -
CMD12 - - - 5 tran® | tran prg - - -
CMD13 - - - sthy [ \tran | data rcv prg dis -
CMD15 - - - ina ina ina ina ina ina -
class 2
CMD16 - - - - tran - - - - -
CMD17 - - - - data - - - - -
CMD18 - - - - data - - - - -
CMD19 - - s - data - - - - -
CMD20 - - - - prg - - - - -
CMD223 - - - - tran® - - - - -
CMD23 - - - - tran - - - - -
class 4
CMD16 - - - - tran - - - - -
CMD20 - - - - prg - - - - -
CMD223 - - - - tran® - - - - -
CMD23 3 - - - tran - - - - -
CMD24 - - - - rcv - - - - -
CMD25 - - - - rcv - - - - -
CMD27 - - - - rcv - - - - -
class'6
CMD28 - - - - prg - - - - -
CMD29 - - - - prg - - - - -
CMD30 - - - - data - - - - -
class 5
CMD32 - - - - tran - - - - -
CMD33 - - - - tran - - - - -
CMD38 - - - - prg - - - - -
class 7
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Current State

Commands idle | ready | ident | stby | tran | data rcv prg dis ina
CMD40 - - - - data - - - - -
CMDA42 - - - - rcv - - - - -
class 8
CMD55 idle - - stby | tran | data rcv prg dis -
CMD56; RD/WR =0 - - - - rcv - - ‘ - -
CMD56; RD/WR = 1 - - - - data - - - - -
ACMD6 - - - - tran - - - 4 -
ACMD13 - - - - data - - - - -
ACMD14-16 Refer to DPS Specification
ACMD22 - - - - data - < 5 - -
ACMD23 - - - - tran - < - - -
ACMD28 Refer to DPS Specification
ACMD18,25,26,38, Refer to "Part3 Security Specification"-for information about the SD Security
43,44,45,46,47,48,49 Features

ACMDA41, OCR check is OK and | ready - - s - - - - - -
card is not busy

ACMDA41, OCR check is OK and | idle - - - \ - - - - -
card is busy?

ACMDA41, OCR check fails ina - - 4 - - - - - -
ACMDA41, query mode idle - - - 4 - - - - -
ACMDA42 - - < - tran - - - - -
ACMD51 - - - 5 data - - - - -
class 9
CMD52-CMD54 Refer to "SD10_Card Specification”
class 10!
oD T - [ - Jama] - [ - - T -1
CMD34-37,50,57 Refer to'each command system specification
class 11
CMD21 Refer to DPS Specification
CMD48 - - - - data - - - - -
CMD49 - - - - rcv - - - - -
CMD58 - - - - data - - - - -
CMD59 - - - - rcv - - - - -
CMD41 reserved
CMD60...CMDG3 reserved for manufacturer
class 1
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Current State
Commands idle | ready | ident | stby | tran | data | rcv | prg | dis | ina
lllegal command in Non CQ mode. Refer to
CURRENT_STATE Value | CQ Disabled
0 idle
1 ready
2 ident
3 stby
4 tran
CMD43-CMD47 5 data
6 rcv
7 prg
8 dis
9-14 reserved
15 reserved for /O mode
Table 4-75 for Card state/transition in \CQ mode

Note (1): Class 10 commands were defined in Version 1.10.
Note (2): Card returns busy in case of following. - Card €xecutes(internal initialization process

- When HCS in the argument is set to 0 to SDHC or SDXC Card.
Note(3): For SDUC only
Table 4-35 : 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 Section 4.5 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 SDIO Card/supports 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):
Code length is 48 bits. The bits 45:40 indicate the index of the command to be responded to, this value
being interpreted as a binary coded number (between 0 and 83)..The status of the card is coded in 32
bits. Note that if a data transfer to the card is involved, then a busy.signal' may appear on the data line
after the transmission of each block of data. The host shall.check for busy after data block transmission.

The card status is described in Section 4.10.

Bit position 47 46 [45:40] [39:8] [7:1] 0
Width (bits) 1 1 6 32 7 1
Value ‘0’ ‘0’ X X X "'
Description | start bit transrt?i![ssmn command index card status CRC7 end bit

Table 4-36 : Response R1

49.2 R1b
R1b is identical to R1 with an.optional-busy signal transmitted on the data line. The card may become
busy after receiving these commands based on its state prior to the command reception. The Host shall
check for busy at the response. Refer.to Section 4.12.3 for a detailed description and timing diagrams.

4.9.3 R2 (CID, CSD register)
Code length/is 136 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] of
the CID and CSD. are transferred, the reserved bit [0] of these registers is replaced by the end bit of the

response.
Bit position 135 134 [133:128] [127:1] 0
Width (bits) 1 1 6 127 1
Value "0’ ‘0’ "1M11111° X "'

o .. | transmission CID or CSD register incl. .

Description | start bit bit reserved internal CRC7 end bit

Table 4-37 : Response R2
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4.9.4 R3 (OCR register)
Code length is 48 bits. The contents of the OCR register are sent as a response to ACMDA41.

Bit position 47 46 [45:40] [39:8] [7:1] 0
Width (bits) 1 1 6 32 7 1
Value ‘0’ ‘0’ "111111° X "M1M11" "'
Description | start bit transrt?i![ssmn reserved OCR register reserved end bit

Table 4-38 : Response R3

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 means = CMD3). The 16 MSB bits of the argument

field are used for the Published RCA number.

. o . [39:8] ,
Bit position 47 46 [45:40] Argument field [7:1] 0
Width (bits) 1 1 6 16 16 7 1
Value '0' '0' X X X "'
Description | start bit | transmission | command |New [15:0] card CRCY7 | end bit

bit index published status bits:
('000011") [RCAT[31:16] |23,22,19,12:0
of the card (see Table 4-42)

Table 4-39 : 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 CMD8. 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] [39:22] 21 20 [19:16] [15:8] [7:1]] ©
Width (bits)| 1 1 6 18 1 1 4 8 7 1
Value ‘0’ ‘0’ '001000" | '00000h' X X X X X "1’
. PCle PCle Echoe-back of
Description Start| Transmission Co_mmand ReS(_erved 12V |Response? Voltage chetck CRC End
bit bit index bits 1 accepted 7 bit
Support " pattern

1) Card responds whether it supports VDD3 (1.2V power rail)
0b: Not supporting 1.2V
1b: Supporting 1.2V
2) Card responds PCle acceptance
Ob: Not accepted
1b: Accepted

Table 4-40 : Response R7

Table 4-41 shows the format of 'voltage accepted' in R7-

Voltage accepted Value'Definition
0000b Not Defined
0001b 2.743.6V
0010b Reserved for Low Voltage Range
0100b Reserved
1000b Reserved
Others Not Defined

Table4-41 :Voltage Accepted in R7

Refer to Low Voltage Interface Addendum.for the ‘voltage accepted’ in R7, during LV initialization.
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4.10 Three Status Information of SD Memory Card
The SD Memory Card supports three 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.
-'Task Status’. Status information of queued tasks in CQ mode (Refer to Section 0), indicated in the
response. CMD13 R1 indicates either Card Status or Task Status by selecting b[15] of CMD13 argument.
R1 of the other commands indicates only Card Status.

4.10.1 Card Status
The response format R1 shall contain a 32-bit field named card status as\ a response to CMD13 with
argument b[15]="0". This field is intended to transmit the card's statusdnformation (which may be stored
in a local status register) to the host. If not specified otherwise, the status entries’are always related to
the previous issued command.
Table 4-42 defines the different entries of the status. Unused reserved bits shall be set to 0. The type and
clear condition fields in the table are abbreviated as follows:

o Type:
*E: Error bit.
+S: Status bit.
*R: Detected and set for the actual command response.
*X: Detected and set during command execution. The host can get the status by issuing a command
with R1 response.

e Clear Condition:
*A: According to the card current status.
*B: Always related to the previous command. Reception of a valid command will clear it (with a delay
of one command).
*C: Clear by read.
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. . e Clear
Bits Identifier Type Value Description Condition
31 |OUT_OF_RANGE E R X |'0'=no error The command's argument was out |C

'"1'= error of the allowed range for this card.
30 |ADDRESS _ERROR E R X |'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 E R X |'0'=no error The transferred block length is not|C
'"1'= error allowed for this card;-or the number
of transferred byte's does'not match
the block length.
28 |ERASE_SEQ_ERROR ER '0'= no error An error in the sequence/of erase |C
'"1'= error commands occurred:
27 |ERASE_PARAM E R X |'0'=no error An invalid selection of write-blocks |C
'"1'= error for erase accurred:
26 |WP_VIOLATION E R X |'0'= not protected /| Set when the host attempts to write |C
'1'= protected to a protected block or to the
temporary or permanent write
protected-card.
25 |CARD_IS LOCKED S X '0' = card unlocked |When set, signals that the cardis |A
1" = card locked locked by the host
24 |LOCK_UNLOCK_FAILED |E R X |'0' = no error Set when a sequence or password |C
"1' = error error has been detected in
lock/unlock card command.
23 |COM_CRC_ERROR ER '0'= no error The CRC check of the previous B
'"1'= error command failed.
22 |ILLEGAL_COMMAND ER '0'='no_efror Command not legal for the card |B
"'= error state
21 |CARD_ECC_FAILED E R X/ |/0'=success Card internal ECC was applied but |C
“1'= failure failed to correct the data.
20 |[CC_ERROR E RX |'0’=noerror Internal card controller error C
'1'=-efror
19 |ERROR E'R X |'0'# no error A general or an unknown error C
'"1'= error occurred during the operation.
18 |reserved
17 |reserved for DEFERRED_RESPONSE (Refer to eSD Addendum)
16 [CSD_OVERWRITE E R X |'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 E R X |'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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. . e Clear
Bits Identifier Type Value Description 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-an-out of
erase sequence command'was
received
12:9 | CURRENT_STATE S X 0 =idle The state of the card-when receiv+ |B
1 = ready ing the command./If the command
2 = ident execution causes|a state change, it
3 = stby will be visible to.the host in the
4 =tran response to the next command.
5 =data The four bits areinterpreted as a
6 =rcv binary caded .number-between 0
7 = prg and 15.
8 =dis

9-14 = reserved
15 = reserved for

I/O mode

8 READY_FOR_DATA S X '0'= not ready Corresponds to buffer empty A
'"1'= ready signaling on the bus

7 reserved

6 FX_EVENT SX '0'= No event Extension Functions may set this |A
'1'= Eventlinvoked | bit to get host to deal with events.

5 APP_CMD SR '0"' = Disabled The card will expect ACMD, oran |C
'"1' =/Enabled indication that the command has

been interpreted as ACMD
4 reserved for SD I/O Card
3 AKE_SEQ_ERROR ER '0"= no error Error in the sequence of the C
(SD Memory Card app. 1= error authentication process

spec.)

2 reserved for application specific commands

1, 0 |reserved for manufacturer test/mode

Table 4-42 : Card Status

Refer to 4.19.3 for ‘CURRENT_STATE' value definition in CQ mode
For each command responded by R1 response, following table defines the affected bits in the status field.
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An 'X' means the error/status bit may be set in the response to the respective command.

6

20 (19|18 |17 |16 (15| 14 | 13 |[12:9] 8

Response Format Card Status Bit Number

30|29 |28 |27 [26 | 25|24 | 23 [ 22 | 21

31

X

CMD
Number

31

62

11
12
13
16
17
18
19
20
22
23
24
25
26
27

28
29
30
32

33
38
40

42

43

44
45

46

47

48

49

55
56

58
59
ACMD6
ACMD13

ACMD22

ACMD23

ACMDA42

ACMD51

(1) The response-to CMD3 is R6 that includes only bits 23, 22, 19 and 12:9 out of the Card Status

(2) This command was defined in version 1.10

(3) Bit 06 will be setin R1 (R1b) response after entering "tran" state.

Table 4-43 : 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 (CMD55 followed with CMD13). ACMD13
can be sentto a card only in 'tran_state' (card is selected). The SD Status structure is described in below.
Unused reserved bits shall be set to 0.

The same abbreviation for 'type' and 'clear condition' were used as for the Card Status above.

Bits Identifier Type Value Description Clear
511:510 |DAT_BUS_WIDTH S R |'00'= 1 (default) Shows'the currently A
'01'= reserved defined data bus width
'10'= 4 bit width that was defined by
'"11'= reserved SET BUS_WIDTH
command
509 SECURED_MODE S R |'0'= Not in the mode Shows if the card is in A
'"1'= In Secured Mode the secured mode of

operation or not. (refer
to "Part 3 Security
Specification").

508:502 | Reserved for Security Functions (Refer to “Part 3,/Security Specification”)

501:496 |reserved

495:480 |SD_CARD_TYPE S R |'00xxh'= SD Memory In the future, the 8 LSBs | A
Cards as defined by this will be used to define

document ('x'=don't care). |different variations of an
The following cards are SD Memory Card (Each

currently defined: bit will define different
'0000h'=-Regular SD SD Types).
RD/WR Card.
'0001h'= SD ROM Card
'0002h'=0TP
479:448 |SIZE_OF _PROTECTED_AREAT| SR |Size of protected area (See Section 4.10.2.1) A
447:440 |SPEED_CLASS S R |Speed Class of the card (See Section 4.10.2.2) A
439:432 |PERFORMANCE_MOVE S R [Performance of move (See Section 4.10.2.3) A
indicated by 1 [MB/s] step.
431:428 |AU_SIZE SR |Size of AU (See Section 4.10.2.4) A
427:424 |reserved
423:408 |ERASE (SIZE S R |Number of AUs to be (See Section 4.10.2.5) A
erased at a time
407:402 |ERASE_TIMEOUT S R |Timeout value for erasing |(See Section 4.10.2.6) A
areas specified by
UNIT_OF_ERASE_AU
401:400 |ERASE_OFFSET S R |Fixed offset value added to | (See Section 4.10.2.7) A
erase time.
399:396 |UHS.SPEED_GRADE SR |Speed Grade for UHS|(See Section 4.10.2.8) A
mode
395:392 |UHS_AU_SIZE S R |Size of AU for UHS mode |(See Section 4.10.2.9) A
391:384 |VIDEO_SPEED_CLASS S R |Video Speed Class value |(See Section 4.10.2.10) A
of the card
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Bits Identifier | Type | Value Description | Clear
383:378 |reserved
377:368 |VSC_AU_SIZE S R |AU size in MB for Video (See Section 4.10.2.11) A
Speed Class
367:346 |SUS_ADDR S R |Suspension Address (See Section 4.10.2.12) A
345:340 |reserved
339:336 |APP_PERF_CLASS S R |Application Performance |(See Section 4:10.2.13) A
Class Value of the card
Support for Performance | (See Section 4.10.2.14) A
335:328 | PERFORMANCE_ENHANCE S R |Enhancement
functionalities
327:314 |reserved
313 DISCARD_SUPPORT S R |0’ Not Supported Discard-Support. A
‘1’ Supported (See Section 4.3.6)
312 FULE_SUPPORT S R |0’ Not Supported Full'User Area Logical A
‘1’ Supported Erase Support.
(See Section 4.3.7)
311:0 reserved for manufacturer

4.10.2.1 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 unitin MULT*BLOCK_LEN.

Table 4-44 : SD Status

In case of SDHC and SDXC Cards, the capacity of protected area is calculated as follows:
Protected Area = SIZE_OF_PROTECTED_AREA
SIZE_OF_PROTECTED_AREA is specified by the unit in byte.

In case of SDUC Cards, the capacity of protected area is zero.

For Non CPRM Cards, SIZE,_ OF PROTECTED_AREA shall be set to the minimum value that is defined
in Appendix D.2 through D.5 of the Part'3 Security Specification Version 7.00.

4.10.2.2 SPEED_CLASS
This 8-bit field indicates the Speed Class. Classes lower than indicated by this field are also effective. For
example, Class 10 is indicated, host should consider Class 2 to 6 is also effective.

SPEED_CLASS Value Definition
00h Class 0

01h Class 2

02h Class 4

03h Class 6

04h Class 10

05h — FFh Reserved

Table 4-45 : Speed Class Code Field

| Application Note:
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If a Class value indicated in SD Status (including reserved value) is larger than that of host supported,
the host should read as any Class can be used with the card.

4.10.2.3 PERFORMANCE_MOVE
This 8-bit field indicates Pm and the value can be set by 1 [MB/sec] step. If the card does not move used
RUs, Pm should be considered as infinity. Setting to FFh means infinity. The minimum value of Pm is
defined by in Table 4-46. Pm is defined 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 O.

PERFORMANCE_MOVE | Value Definition
00h Sequential Write
01h 1 [MB/sec]

02h 2 [MB/sec]

FEh 254 [MB/sec]
FFh Infinity

Table 4-46 : Performance /Move Field

4.10.2.4 AU_SIZE
This 4-bit field indicates AU Size and the value can be selected from 16 KB.

AU_SIZE |Value Definition
Oh Not Defined
1h 16 KB

2h 32 KB

3h 64 KB

4h 128 KB

5h 256 KB

6h 512 KB

7h 1 MB

8h 2 MB

9h 4 MB

Ah 8 MB

Bh 12 MB

Ch 16 MB

Dh 24 MB

Eh 32 MB

Fh 64 MB

Table 4-47 : AU_SIZE Field

The maximum AU size,/depends on the card capacity, is defined in Table 4-48. The card can set any AU
size specifiedin Table4-47 that is less than or equal to the maximum AU size. The card should set smaller
AU size as much'as possible.

AU_SIZE can be/selected as integer multiple of exFAT cluster size. Regarding cluster size, refer to
Appendix C.5:3 0of the Part 2 File System Specification Version 7.00.

Card Capacity up to 64MB | upto 256MB | upto 512MB | up to 32GB up to
128TB
Maximum AU Size 512 KB 1 MB 2 MB 4 MB 64MB
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Table 4-48 : Maximum AU size

Application Notes:
The host should determine host buffer size based on total busy time of 4MB and the card supported
class. The host can treat multiple AUs combined as one unit.

4.10.2.5 ERASE_SIZE
This 16-bit field indicates Nerase. When Nerase numbers of AUs are erased, the timeoutvalue is specified
by ERASE_TIMEOUT (Refer to ERASE_TIMEOUT). The host should determine proper number of AUs
to be erased in one operation so that the host can indicate progress of erase operation. If/this field is set
to 0, the erase timeout calculation is not supported.

ERASE_SIZE Value Definition

0000h Erase Time-out Calculationds not supported.
0001h 1AU

0002 2AU

0003 3AU

FFFFh 65535 AU

4.10.2.6 ERASE_TIMEOUT

Table 4-49 : Erase Size Field

This 6-bit field indicates the Terase and the value indicates erase timeout from offset when multiple AUs
are erased as specified by ERASE_SIZE. The fange of ERASE_TIMEOUT can be defined as up to 63
seconds and the card manufacturer can( choose “any combination of ERASE_SIZE and
ERASE_TIMEOUT depending on the implementation. Once ERASE_TIMEOUT is determined, it
determines the ERASE_SIZE. The host/can determine timeout for any number of AU erase by the
Equation (9). Refer to Section 4.14 for the/concept-of calculating erase timeout. If ERASE_SIZE field is

set to 0, this field shall be set to 0.

ERASE_TIMEOUT | (| Value Definition

00 Erase Time-out Calculation is not supported.
01 Tfsec]

02 2{sec]

03 J [sec]

63 63 [sec]

Table 4-50 : Erase Timeout Field

4.10.2.7 ERASE OFFSET
This 2-bit field indicates the Torrser and one of four values can be selected. The erase offset adjusts the
line by moving in parallel/on the upper side. Refer to Figure 4-65 and Equation (9) in Section 4.14. This
field is\meaningless if ERASE_SIZE and ERASE_TIMEOUT fields are set to 0.

ERASE_OFFSET | Value Definition
Oh 0 [sec]
1h 1 [sec]
2h 2 [sec]
3h 3 [sec]
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Table 4-51 : Erase Offset Field

4.10.2.8 UHS_SPEED_GRADE
This 4-bit field indicates the UHS mode Speed Grade. Reserved values are for future speed grades larger
than the highest defined value. Host shall treat reserved values (undefined) as highest grade defined.

UHS_SPEED_GRADE | Value Definition

Oh Less than 10MB/sec
1h 10MB/sec and above
2h Reserved

3h 30MB/sec and above
4h — Fh Reserved

Table 4-52 : UHS_SPEED_GRADE Field

4.10.2.9 UHS_AU_SIZE
This 4-bit field indicates AU Size for UHS Speed Grade of \UHS-I and UHS-II cards. Card should set
smaller value as much as possible. Host shall refer to UHS _AU_SIZE instead of AU_SIZE when the card
is operating as UHS Speed Grade in UHS-I or UHS-I| bus-speed modes.
UHS_AU_SIZE can be selected as integer multiple of exFAT cluster size. Regarding cluster size, refer to
Appendix C.5.3 of the Part 2 File System Specification Version 7.00.

UHS AU/ SIZE Value Definition
Oh Not Defined
1h -6h Not Used
7h 1 MB

8h 2 MB

9h 4 MB

Ah 8 MB

Bh 12 MB

Ch 16 MB

Dh 24 MB

Eh 32 MB

Fh 64 MB

Table 4-53 : UHS_AU_SIZE Field

4.10.2.10 VIDEO_SPEED CLASS
Table 4-54-defines an 8-bit field that indicates the Video Speed Class supported by the card. The Video
Speed Class defined in the table shall be equal or less than the minimum write performance of the card
in Video Speed Class as specified in Section 4.13.4.3.1 (e.g., Video Speed Class 6 supports at least
6MB/s). Any Video' Speed Class lower than the specified Video Speed Class value shall also be supported
(e.g., if the value in this field is 1Eh, then Video Speed Class 10 and Video Speed Class 6 are supported).

VIDEO_SPEED_CLASS | Value Definition
0 (=00h) Video Speed Class 0
(Video Speed Class is not supported)
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6 (=06h) Video Speed Class 6
10 (=0Ah) Video Speed Class 10
30 (=1Eh) Video Speed Class 30
60 (=3Ch) Video Speed Class 60
90 (=5Ah) Video Speed Class 90
Others Reserved

Table 4-54 : VIDEO_SPEED_CLASS Field
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4.10.2.11 VSC_AU_SIZE
Table 4-55 defines a 10-bit field that indicates the AU Size for Video Speed Class recording. It is
recommended that cards report the smallest value if multiple values are valid. This field shall be set to
one of the specified AU sizes described in Table 4-56 or zero (e.g., if VSC_AU_SIZE is 480MB, 1EOh
(=480) is set in this field). Note that the other values which are not specified in Table 4-56 are reserved.
Since these reserved values may be assigned by SDA in future, card manufacturers shall not use these
reserved values until SDA defines those in future versions of specification.

And SU size is also determined by this field, because a unique SU size is bound for each AU size. For
example, if VSC_AU_SIZE is set as 160MB, SU size is 8MB as shown in Table 4-56.

VSC_AU_SIZE Value Definition

0 Video Speed Class is not supported

1to 1023 (=3FFh) | AU Size for Video Spéed, Class of-the
card in unit of [MB]

Table 4-55 : VSC_AU_SIZE Field

VSC_AU SIZE | AU Size/ | SU Size
008h 8MB 8MB
010h 16MB 8MB
015h 21MB 7NMB
018h 24MB 8MB
01Bh 27MB 9MB
01Ch 28NMB 7MB
01Eh 30MB 10MB
020h 32MB 8MB
024h 36MB 9MB
028h 40MB 8MB
02Ah 42MB 7MB
02Dh 45MB 9MB
030h 48MB 8MB
036h 54MB 9MB
038h 56MB 8MB
03Ch 60MB 10MB
040h 64MB 8MB
048h 72MB 8MB
050h 80MB 8MB
060h 96MB 8MB
070h 112MB 8MB
078h 120MB 8MB
080h 128MB 8MB
090h 144MB 8MB
0AOh 160MB 8MB
0COh 192MB 8MB
0D8h 216MB 8MB
0EOh 224MB 8MB
OFOh 240MB 8MB
100h 256MB 8MB
120h 288MB 8MB
140h 320MB 8MB
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VSC_AU SIZE | AU Size | SU Size

180h 384MB 8MB
1BOh 432MB 8MB
1COh 448MB 8MB
1EOh 480MB 8MB
200h 512MB 8MB

Table 4-56 : Valid AU Size and SU Size

SDHC cards shall have a minimum of 40 AU blocks (e.g., for a 4GB card, AU sizes over 96MB do not
result in 40 AUs). SDXC cards shall have a minimum of 80 AU blocks.

VSC_AU_SIZE can be selected as integer multiple of exFAT cluster size. Regarding cluster size, refer to
Appendix C.5.3 of the Part 2 File System Specification Version 7.00.

4.10.2.12 SUS_ADDR

Table 4-57 defines a 22-bit field that indicates a valid suspension address.in 512KB units. If this field is
set to zero, then this card does not have a valid suspension address. if this field is non-zero, then a valid
suspension address is reported by this field.

SUS_ADDR

Value Definition

0

No valid suspension address

Non-zero

Valid suspension address in 512KB units

Table 4-57 : SUS_ ADDR Field

A valid suspension address is set by the CMD20 *Suspend AU" command (see Section 4.13.4.7.5).

The suspension address is cleared by any of these events:
a) the hostissues a CMD20 "Set Ffee AU".command (see Section 4.13.4.7.7);
b) the host writes to any location within'the suspended AU; and
c) the host erases any location within the suspended AU.

4.10.2.13 APP_PERF_CLASS
Table 4.10.2-1 defines a 4-bit field that-indicates the Application Performance Class supported by the
card. The Application Performance-Class defined in the table shall be equal or less than the average
random performance of the card/as specified in Section 4.16.1.

APP_PERF_CLASS Value Definition

Oh Application Performance Class is not supported
1h A1, Application Performance Class 1

2h A2, Application Performance Class 2

3h=Fh Reserved

Table 4.10.2-1 : APP_PERF_CLASS Field

Application Nates:

For any APP_PERF_CLASS indicated by the card, it is assumed that the lower classes are
supported as well. Then Application Performance supported Hosts should assume that higher
APP_PERF_CLASS levels may be set in the future. For example, A1 host should interpret
APP_PERF_CLASS; not only 1h but also higher value indicates support of Application Class 1.
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4.10.2.14 PERFORMANCE_ENHANCE
Table 4.10.2-2 defines a 8-bit field that indicates the performance enhancement functionalities supported

by the card.

PERFORMANCE_ENHANCE Description
SD STATUS b[335:331] Command Queue Support. Refer to Table 4.10.2-3
SD_STATUS b[330] Support for Cache

0 : Not Supported

1: Supported

SD_STATUS b[329]

Support for Host-initiated maintenance
0 : Not Supported
1: Supported

SD_STATUS b[328]

Support for Card-initiated maintenance
0 : Not Supported
1: Supported

Table 4.10.2-2 : PERFORMANCE_ENHANCE Field

SD Status b[335:331], as in Table 4.10.2-3, indicates the command queue support and the depth required
to meet Application Performance Class 2.

Command Queue Support | Value Definition

Oh Command Queug is not supported

1h Command Queue supported, with queue depth 2
2h Command Queue supported, with queue depth 3
1Fh Command Queue supported, with queue depth 32

Table 4.10.2-3 : Command’/Queue Support Field

4.10.3 Task Status

The response format R1 shall containa 32-bit field named task status as a response to CMD13 with
argument b[15]="1". This field is intended to'transmit the queued task’s status information (which may be

stored in a local status register).to the-host.

Table 4.10.3-1 defines the different-entries of the status. Unused reserved bits shall be set to 0. The type
and clear condition fields in the table are abbreviated as follows:

. .ee . .. Clear
Bits Identifier Type Value Description Condition
31 |STATUS  TASK_31 s |9 dF;eady Ready status of queued task 31 |A

30 |STATUS TASK 30, | [s [ fFL"e"; dF;eady Ready status of queued task 30 |A

0 |STATUS TASK.0 s ‘(1), _‘F'{“e"; dF;eady Ready status of queued task 0 |A

Table 4.10.3-1 : Task Status
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4.11 Memory Array Partitioning
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4.12 Timings
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4.13 Speed Class Specification
This section provides descriptions of several speed class methods. Each classifies card performance by
a speed class number and offers a method to calculate performance. These methods enable the host to
support AV applications to perform real time recording to an SD memory card. The following sections
describe the speed class methods for the card.

Section 4.13.1 and 4.13.2 provides a description of the Speed Class specification."The Speed Class
specification is supported by SDHC, SDXC and SDUC cards. Speed Class 2, 'Speed Class 4, Speed
Class 6, and Speed Class 10 are defined in this method.

Section 4.13.3 provides a description of the UHS Speed Grade specification..The \UHS Speed Grade
specification is supported by SDHC, SDXC and SDUC cards. UHS Speed Grade 1 and UHS Speed
Grade 3 are defined in this method,

Section 4.13.4 provides a description of the Video Speed Class, specification. The Video Speed Class
specification is supported by SDHC, SDXC and SDUC cards. Video Speed Class 6, Video Speed Class
10, Video Speed Class 30, Video Speed Class 60 and Video Speed Class 90 are defined in this method.

In version 4.20 or earlier, implementation of the Speed Class was mandatory for SDHC and SDXC cards
and the UHS Speed Grade method was optional for all types of cards. From version 5.00, implementation
of Speed Class was changed to optional for all types of cards.

Figure 4-46 specifies the speed classes that are supported by each interface mode.

SDSC SKDQR\ SDXC/SDUC SDHC/SDXC/SDUC
Default Speed Mode [ Speed'Class 2,/4, 6 ] [ Video Speed Class 6 ]
High Speed Mode { Speed Class 10 ] [ Video Speed Class 10 ]
D [ Video Speed Class 6 ]
UHS-I and UHS-Il Mode | UHS Speed Grade 1 | | Video Speed Class 10 |
[ UHS Speed Grade 3 ] [ Video Speed Class 30 ]

Video Speed Class 60

UHS-II Mode

N )
-

Video Speed Class 90

Figure 4-46 : Overview of Speed Class Specification

4.13.1 Speed Class Specification for SDSC and SDHC

4.13.1.1 Allocation Unit (AU)
The User Area is divided into units called "Allocation Unit (AU)" (Refer to Figure 4-47). AU is physical
boundary in User Area of a card and is not defined by the file system boundary. Each card has its own
fixed AU Size (Sau) and the maximum AU Size is defined depending on the card's capacity. The host

129



©Copyright 2001-2020 SD Card Association
Physical Layer Simplified Specification Version 8.00

should manage data areas with the unit of AU. If the first AUs in the card contain file system information
then they should not be used for real time recording. An AV application should start recording from the
first complete AU, to which only user data can be recorded. Note that this specification does not apply to
the Protected Area.

r s

AU1

U2 RU2

User Area AU3 RU3 m =Ngy, = Sau/Sku
AU4

Recordable Area .......

v AUn

Figure 4-47 : Definition of Allocation Unit (AU)

4.13.1.2 Recording Unit (RU)
Each AU is divided into units called "Recording Unit (RU)" (Refer to Figure 4-47). The unit of RU Size
(Sru) is 16KByte. The RU Size is a multiple of 16KByte and shallnot span-across an AU boundary.
Larger RU size may improve performance. The condition.and, requirement of the minimum RU Size is
defined by Section 4.13.1.8.1. The number of RUs in an‘AU (Nru) is calculated from Sau/Sru.

4.13.1.3 Write Performance

Figure 4-48 shows the typical data management of the' card when the host writes RUs of an AU. When
the host writes to a fragmented AU, the card prepares a new AU by copying the used RUs and writing the
new RUs. The location A is at the start of the AU boundary-and location B is at the end of the AU boundary.
From A to B, the host shall write data to free RUs,contiguously and skip used RUs (shall not skip any free
RU). The card may indicate busy to the host, so\the host can wait, during the time the card controller is
writing and moving data. The total write time-from'A to' B can be calculated by summing up the write time
of free RUs and the moving time of the used RUs: The number of used RUs (Nu) is available by counting
it over one AU and number of free RUs is expressed by (Nru — Nu).

< AU (Allocation Unit) >
A B
Existing AU | Free | Free | Used l Free | Free | Used | Used | Free | .......... | Free
RU Move Move |Move
Write Write Write Write Write Write
~a a NS ~Sa ~Sa
New AY | Datal | Data?, | Used | Data3 | Data4 | Used | Used | Data5 | .......... | DataN |
~___ ¥ ~—_
Skip Skip

Figure 4-48 : Example of Writing Fragmented AU

The average Performance of a Fragmented AU can be calculated by dividing the number of free RUs by
the total exeeution time. It is expressed by using Performance Wite (Pw) and Performance Move (Pm).
SRU (NRU — Nu)
SRU(NRU — Nu) + SRUNU
Pw Pm
_ (Ngy = Nu)PmPw
(Ngy — Nu)Pm+ NuPw

Performance of Fragmented AU: P(Nu) =
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The Performance Write (Pw) is defined as a minimum average write performance over an AU. It is
calculated by taking the average of all sequential RU write operations to one complete AU, which is not
fragmented. Pw is not influenced even if read operations are inserted between write operations.

The Performance Move (Pm) is defined as a minimum average move performance. It is calculated by
taking the average over sequential RU move operations to one complete AU. A move is an internal
operation of the card, so SD clock frequency does not affect the time of the move operation. In case the
card does not have to move RU, Pm should be considered as infinity (1/Pm-=-0).'Refer to' Table 4-61 for
the values defined for each Speed Class.

Note that a Speed Class that supports Class10 shall not use the Pm’value stored in the SD Status to
calculate performance in any fragmented AU. Class 10 performance/is defined only for entirely free AUs.

Application Notes:
Performance may increase when larger data is written by one’multiple write command. Therefore, the
host may use larger RU sizes and transfer multiple RUs with ané multipte-write command.

4.13.1.4 Read Performance
Two kinds of read performances are defined. It is possible to insert either type of read operation during
write operations. All read operations, regardless of read address shall meet this performance
specification.

(1) Read Performance of Stream Data
This is simply called Read Performance (Pr). Pr is defined as minimum average random RU read
performance. The average is measured over256 random single RU read operations. Each RU is read
by a multiple-read command. Pr shall be greater-than or equal to Pw.

(2) FAT and Directory Entry Read Time
Trr(4KB) is defined as the maximum-time-to read a 4KB FAT and Directory Entry. The FAT and
Directory Entry Read Time (Srr [KB}) is defined using the CEIL function:

S
FAT Read Time of Ser [KB]: Tis (Ser) = {4&2?3

w Ter(AKB) e, (2)

(CEIL function~ Convert decimal fraction x to the smallest integer greater than or equal to x.)

Refer to Table 4-61 for.the values defined for each Speed Class.
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4.13.1.5 Performance Curve Definition
Figure 4-49 shows the write performance bar chart of P(Nu) of equitation (1). An AU consists of 16 RUs
in this example. Joining the points of each bar shows the performance curve, which can be determined
from the two parameters, Pw and Pm.

[MB/sec]

AL(FUH Performance

Performance Curve

Xx/

, % Better Performance

A &

Ratio of Used RU

»
>

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 1516

16 16 16 16 16 16 16 16 16 16 16 16 16 /16 16 A6 16

Figure 4-49 : Card Performances between 16 RUs

The ratio of used RU (r) is defined as:

L Nu =N,
NRU

The range of ris 0 to 1. (1 — r) means ratio of free RU, r=0 means all RUs are free. r=1 means all RUs
are used and performance indicates zero\ at this point. By using r, Equation (1) is transformed into
Equation (3).

_(1<r)PwPm

7 rPwH(L-r)Pm

Performance Curve: P(I)

P(Nu) in Equation-(1) is a discrete function but P(r) is treated as a continuous function.

4.13.1.6 Speed Class Definition
Figure 4-50 shows three performance curves. Pw indicates the performance of r=0 and Pm determines
the shape of the curve| All performance curves converge at the point (1, 0). Therefore, there is little
difference in performance/where ris near to 1. These three curves divide the performance into four speed
classes: Class 0, Class2, Class4 and Class 6. The Class 0 card provides no guarantee to be compliant
to the Speed Class'Specification. It does not report performance parameters even if the cards can achieve
performance of higher speed classes. Class 0 also covers all legacy SD products prior to the introduction
of this specification. The Classes are defined so that an AV application, such as MPEG2 recording, can
support an SD-card device. The performance of a Speed Class 2 card shall be higher than performance
curve 2. Itis defined for standard TV image quality; approximately 2MB/sec performance will be required.
The performance of a Speed Class 4 card shall be higher than performance curve 4. Speed Class 4 is
defined for HD video quality; approximately 4MB/sec performance will be required. Higher classes can
be added in the future, if required. It is important that the host shall always accept cards which meet
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Note that performance of Class 10 does not conform to the performance curve. Class 10 is supported

only in the case r=0.

Speed Class shall be defined as SD Bus interface level performance, though the performance curve is
derived from only back-end performance analysis in Section 4.13.1.3. SD clock frequency and RU size
are defined as measurement conditions for Speed Classes. Refer to Section 4.13:1.8.

Performance

6MB/sec

Performance Curve 6

4MB/sec

Performance Curve 4

2MB/sec Performance Curve 2

"

Three\performance curves
intersect at (1,0)

Ratio of Used RU

r

Figure 4-50: Three Performance Curves

Application Note:

Class cards including Class 0.

For the convenience of legacy card users, the host should try to use the card that has lower
performance than expected and attempt to record if necessary. When a mode provides operation only
for specific Speed Class \cards, one ©f the other modes should provide operation for lower Speed

4.13.1.7 Consideration for Inserting FAT Update during Recording
Figure 4-51 shows the typical sequence of the FAT update cycle for real time recording. FAT updates can
be inserted between-any RU accesses. The FAT update cycle consists of 3 write operations. The FAT1
and FAT2 means two FAT-table writes using one multiple write command for each FAT-table. The FAT
table write-can start any 512-byte boundary address and any size up to 16 KBytes. Only modified parts
of FAT sheuld be written. The DIR stands for directory entry write. A directory entry should be created
before recording starts and only the modified parts should be written in the directory entry (512 Bytes).
The FAT Write Time (Trw) is defined as the total time of 3 write operations of FAT update cycle. The host
shall take-the sequence to be able to calculate degradation of performance by inserting a FAT update
cycle. The card requires higher Card Performance (Pc) than Application Performance (Pa) to insert FAT
update cycle. It is'hoted that any order of 3 write operations is allowed for FAT update. Figure 4-51 shows

an example order.
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FAT Write Time: Tgy,

« Tew *  Number of RUs: Np
16KB 16KB 512B
|...Sey | FATL | FAT2 [DIR | Spy | Seu | oo | ey | FATL [ FAT2 [DIR [ Sy |

«— FAT Update Period: Tpy —————»

Figure 4-51 : Typical Sequence of FAT Update

4.13.1.7.1 Measurement Condition to determine Average Tew
The equation (4) defines Average FAT Write Time (Trw(ave.)), which is the maximum sliding average
of 8 times FAT write cycles.

8
a3 Tr,, ()
Average FAT Write Time: T, (ave) = ':18 ............................................... (4)

4.13.1.7.2 Maximum FAT Write Time
During a FAT update, the host cannot write data to the card. Therefore, the host should prepare enough
buffers to save the data temporarily. The Maximum FAT Write Time (Tew (max.)) is one of the factors
to determine host buffer size. During 8 times FAT Wwrite/eycle, occurrence of Trw (max.) should not
appear more than once. On the method of Host Buffer|Size estimation, refer to Implementation
Guideline of the Speed Class Specification.

Maximum FAT Write Time: Ty (MAX.) <700MS | (5)

4.13.1.8 Measurement Conditions’and Reqguirements of the Speed Class

4.13.1.8.1 Measurement,Canditions
Table 4-61 shows measurement conditions for each Speed Class. The Speed Class 10 card shall
support high speed mode. The higher Speed Class may require higher frequency or larger RU size.
These values provide margin/for-host applications running at maximum speed.

Card Capacity SDSC SDHC
~64MB ~256MB | ~512MB | ~1GB | ~2GB ~32GB
AU Size/(max.) 512KB 1MB 2MB 4MB
Class?2, 4 16KB | 32KB
RU Size | Class6 64KB
Class 10 Not Supported | 512KB

NotessClass 2 to 6 are measured at 20MHz in Default Speed Mode
Class 10 is measured at 40MHz in High Speed Mode

Table 4-61 : Measurement Condition of Speed Class (SDSC and SDHC)

Application Note:

The minimum performance is measured at 100% usage rate of the SD Bus (No idle time is assumed
in accesses). Therefore, writing to the card at intervals decreases performance.

Host needs to use higher frequency clock than that of measurement condition.
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4.13.1.8.2 Requirements of the Performance Parameters for Each Speed Class

Table 4-62 identifies the requirement of the parameters for each class under measurement conditions.
All conditions of any Class should apply simultaneously. Any cards having a specific Speed Class shall
also satisfy the requirements and conditions of lower Classes. For example, Class 6 card shall satisfy
Class 4 performance under Class 4 condition. Class 10 card shall satisfy Class-6. performance under
the Class 6 conditions and Class 4 performance under the Class 4 conditions (Class 4 always covers
Class 2 because of using the same conditions).

Regarding Class 10 Card, as Class 10 mode does not support Pm, the minimum requirement of Pm is
more than or equal to 2MB/sec under the Class 4 conditions and 3MB/sec under the Class 6 conditions
even if PERFORMANCE_MOVE in SD Status is set to 0.

Pw min. Pm min. Pr min. Trw (ave.) Trw (Mmax.) Ter (4KB)

[MB/sec] | [MB/sec] [MB/sec] [ms] [ms] max. [ms]
Class 2 2 1 2 100 750 12
Class 4 4 2 4 100 750 12
Class 6 6 3 6 100 750 121
Class 10 10 072 10 100 750 121

Note 1: Trr(4KB) value is changed in Version 3:00

Note 2: Even Class 10 card, Pm may be used-for Class 2 16 6 operations by host. In this
case, if Pm=0, host should consider that'Pm.is half of Pw for Class 2 to 6. If host uses
Class 10 mode, Pm indicated in SD Status ‘'shall be ignored and treated as 0.

Table 4-62 : Performance Requirements for Each Class (SDSC and SDHC)

4.13.1.8.3 Requirements of SD File System
This specification can be applied only to'the SDfile system formatted card defined by the File System
Specification Version 3.00. This includes complying‘with the format parameter calculation specified in
the Appendix C of the File System Specification Ver3.00.
Furthermore, the Number of Hidden Sectors shall be adopted as minimum number that meets
Boundary Unit Recommendation for Data‘Area.

4.13.1.9 CMD20 Support
SDHC Memory Card may support Speed Class Control Command (CMD20) as optional. Setting SCR bit
32 to 1 indicates support of CMD20 but/use of CMD20 is optional for host. Then even if a card supports
CMD20, the card shall satisfy Speed Class specification without using CMD20. Refer to Section 4.13.2.8
about CMD20 functions definition:
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4.13.2 Speed Class Specification for SDXC/SDUC

Speed Class is defined for SDXC and SDUC. Though the basic concept is similar to Speed Class for
SDSC and SDHC, there are several differences. Key features of SDXC/SDUC Speed Class are listed
below.

4.13.2.

(1) The table of valid AU sizes (Table 4-47) is updated with six values larger than 4MB. When an
AU size larger than 4MB is used, performance is measured in each of the 4MB sub-unit.

(2) RU sizes are larger and common for each card capacity range.

(3) Speed Class performance is defined only in the case of sequential writes to an entirely free AU.
No move operation is supported.

(4) The FAT Update sequence is based on the exFAT file system for SDXC/SDUC.

(5) Sequence of updating Cl (Continuous Information, defined in Part2 File\System Specification
Version 3.00) during stream recording is defined and supported.

(6) Speed Class Control command (CMD20) is introduced to optimize card operation for Speed
Class recording.

1 Speed Class Parameters

4.13.2.1.1 AU
Capacities of up to 128TB and the UHS high speed interface\require larger AU sizes.
In the case of SDXC and SDUC the maximum AU size.is increased to 64MB.

To

record the stream data, a Speed Class host shallmanage the memory area in units of an AU and

use only completely free AUs (zero fragmentation) to record the data.
Note that all AU sizes larger than 4MB are integer multiples of 4MB and performance is measured
over each 4MB sub-unit of an AU.

4132.12RU
The definition of an RU is the same as/in' SDSC _and SDHC. A Speed Class host shall write data in
units of an RU.
The RU sizes are defined in Table4-63. The same RU size is used for Class 2, 4 and 6. For Class 10,
the RU size is larger to achieve higher-performance. The same RU size is applied across the entire
card capacity range (over.32GB~128TB) and varies only for each performance Class.

4.13.2.

2 Write Performance

4.13.2.2.1 Measurement of Pw
Pw is measured in the case when data is written in units of RUs, from top to the bottom of an entirely
free AU. There are two cases of how to measure Pw.

1.

If the’AU size is.equal to 'or smaller than 4MB;

Pw is defined as the minimum average write performance over an AU. This is the same definition
as that for SDSC and SDHC.

If the’AU. size is larger than 4MB (Always a multiple of 4MB);

Pw is defined.as the minimum of the average write performance of every 4MB sub-unit in an
AU-

Figure 4-52 shows the measurement of an AU's Pw. In the figure, performance of the measured AU is
defined as the minimum of Pw1, Pw2,...PwN. The card's Pw is defined as the minimum performance
of all AUs in'the memory area.

Regardless of its size, an AU is the size of the memory area to which Speed Class host shall write data
sequentially from top to the bottom in units of RU.
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AU (Multiple of 4MB)

Memory area
in the card

hig < » < > >

RU : 4MB : 4MB : : 4MB :

Speed Class host writes sequentially in an AU in unit of RU >

Pw. Pw. Pw, : : Pwy

Performance is measured over each 4MB boundary.
Performance of the AU = min (Pw,, Pw,, ... Pw,)
=> Pw is defined as minimum performance of.all’AUs in.memory-area

Figure 4-52 : Measurement of Pw (AU size is larger than 4MB)

4.13.2.2.2 Performance Move
In contrast with Speed Class for SDSC and SDHC, Pm'is not supported in SDXC and SDUC. This
means that Speed Class host shall write data to the entire free AUs so that SDXC and SDUC card can
provide Class performance. Pm shall be set to 0 in’SD _Status .of SDXC and SDUC card.

Application Note:
The amount of unwritten memory and the”amount of Speed Class recordable memory may be
different. Speed Class hosts can maximize(the.amount of recordable memory by defragmenting
and freeing AUs for use when Speed Class performance is required.

4.13.2.3 Read Performance
The read performance of an SDXC and SDUC card has the same definition as that for SDSC and SDHC.
Pr is defined as the minimum average randoém RU read performance over 256 RUs. Pr shall be greater
than or equal to Pw.
Trr(4KB) is defined as the maximum time to read 4KB data.

4.13.2.4 FAT Update
The SDXC and SDUC FAT update cycle has almost the same definition as in SDSC and SDHC. The only
difference is the data type and its location. In the case of SDXC and SDUC, the FAT update cycle consists
of three write/operations, FAT, Bitmap and directory entry. The FAT is written starting at any 512-byte
boundary address and with any size up to 16Kbytes. Bitmap is written starting at any 512-byte boundary
address and'with any size from 512-byte to 16Kbytes.
A directory-entry should be created before starting recording and the same block should be written by
512-byte single block write (either CMD24 or CMD25).
Average and Maximum FAT Write Time ( Trw(ave.) and Trw(max.) ) are the same as defined for SDSC
and SDHC. Average FAT Write time is defined as the maximum sliding average of 8 FAT update cycles.
Note that-a Speed Class host can insert FAT update at any RU boundary. Insertion of FAT update never
affects Pw.

4.13.2.5 CI (Continuous Information) Update
ClI (Continuous Information) is a new structure used to manage exFAT file fragments. It is newly defined
in the Part2 File System Specification Version 3.00. CI may be updated during Speed Class recording.
Creating Cl is optional for the host. The specific feature of Cl update is described below.
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¢ Cl can be inserted at any RU boundary. The frequency of Cl update depends on the host
implementation.
If a host tries to protect recorded data from any error including power failure, it may update CI
frequently.
¢ A cluster is allocated to store Cl and when it is filled, a new cluster is allocated. The first update of
Clin a stream recording may be written from any point in an existing cluster. After the existing cluster
is filled, a new cluster is allocated and all subsequent updates are written from the beginning to the
end before a new cluster is allocated.
¢ The address to which Cl is written may change during a stream recording: The same address may
be overwritten several times. When the address is changed, it is always increased sequentially
within the cluster. When a ClI cluster is filled and a new one is allocated, the Cl cluster address is
changed randomly. (Any free cluster can be allocated).

The Speed Class specification for SDXC and SDUC defines the Cl'Update sequence and operation time.
The sequence is similar to the directory entry update. Cl is always written by a 512-byte single block write
(either CMD24 or CMD25) and preceded by CMD20 Update Cl command. The Cl update operation time
is maximum 250ms.

Note that Insertion of Cl update never affects Pw.

Application Note:

It is recommended that Cl be updated after Speed Class recording is finished. In this case, the CI
update is performed outside of Speed Class recording and the host does not need to consider it as
overhead.

4.13.2.6 Distinction of Data Type
During Speed Class recording, several types of data (Stream data, FAT, Bitmap, directory entry and ClI)
are written by the host.
To satisfy Class performance, an SDXC and SDWUC card needs to distinguish between each type of data
in order to treat them properly.
For example, directory entry and Cl/can/’be distinguished by their data size (always written by 512B), so
the card can store them in separate areas from-the stream data.
Locations of the FAT and bitmap are described in Section 4.13.2.7.3.
Since directory entry and Cl are written/by 512-byte single block write (either CMD24 or CMD25), in user
area, they should be distinguished by. CMD20.

4.13.2.7 Measurement Conditions and Requirements of the Speed Class for SDXC/SDUC

4.13.2.7.1 Measurement Conditions
The measurement.conditions of Speed Class for SDXC and SDUC are defined in Table 4-63. Class 10
card shallmeet Class 6 performance under Class 6 condition.

Card Capacity SDXC/SDUC
Over 32GB ~ 128TB
AU Size (max.) 64MB
Unit of Performance Measurement 4MB
RU Size Class2, 4,6 256KB
Class 10 512KB

Notes: Class 2 to 6 are measured at 20MHz in Default Speed Mode
Class 10 is measured at 40MHz in High Speed Mode

Table 4-63 : Measurement Conditions of Speed Class (SDXC/SDUC)
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Host needs to use higher frequency clock than that of measurement condition.

4.13.2.7.2 Requirements of the Performance Parameters for Each Speed Class
Table 4-64 identifies the requirement of the parameters for each class under measurement conditions.

Pw min. Pm min. Pr min. Trw(ave.) | Trw(max.) Ter (4KB)

[MB/sec] | [MB/sec] [MB/sec] [ms] [ms] max. [ms]
Class 2 2 0 2 100 750 20
Class 4 4 0 4 100 750 20
Class 6 6 0 6 100 750 20
Class 10 10 0 10 100 750 20

Table 4-64 : Performance Requirements for Each Class (SDXC/SDUC)

4.13.2.7.3 Requirements of SD File System
This specification can be applied only to the SD file system formatted card‘defined by the File System
Specification Version 3.00. This includes complying with the format parameter calculation specified in
the Appendix C of the File System Specification Version 3.00.
Furthermore, the Number of Hidden Sectors shall be adopted . as minimum number that meets
Boundary Unit Recommendation for Data Area. And in case'\of exFAT file system, Allocation Bitmap
shall be stored in the first 4MB of Cluster Heap.

4.13.2.8 Speed Class Control Command (CMD20)
CMD20 is defined to optimize card operation to support Speed Class recording. Figure 4-53 shows the
definition of CMD20 timing and arguments. If any error, occurs during the CMD20 busy period, it will be
reported in the R1 response of next command. The host may issue CMD13 to check the occurrence of
an error.
Speed Class Control (SCC) in the argument controls several functions which assist the card in supporting
and meeting Class performance.
The response type of CMD20 is R1b./The/maximum busy indication period depends on the function
selected by SCC in the argument.

CMD 4CMD20H Rib }

DATIO]

Error Check
lcvpis f— R1 |

Busy [

| tgyey (Max) if CMD20 does not_indicate busy, following
D » CMD13 is not required.

Speed Class Control Command (CMD20)

S|T|\ Index |SCC Reserved |CRC7 |E

0]1]010100 | xxxx all 0 xx |1

Speed Class Control tgusy (Max.)
0000b: Start Recording 1 second
0001b: Update DIR 10ms

0010b: Reserved for Multiple Streams Recording
0011b: Reserved for Multiple Streams Recording
0100b: Update CI
others: Reserved

10ms

Figure 4-53 : Definition of CMD20
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Support of CMD20 is indicated by CMD_SUPPORT of SCR[32].

If an SDXC/SDUC Card supports Speed Class, support of CMD20 is mandatory and host shall use
CMD20. SDXC/SDUC Cards can meet Class performance only when host uses CMD20. (cf. In case of
SDHC, support of CMD20 is optional for card and host may or may not use CMD20. SDHC cards meet
Class performance without CMD20.)

4.13.2.8.1 Definition of Each CMD20 Function
(1) Start Recording
This function indicates that Speed Class host starts stream recording. When the card receives
CMD20 Start Recording function, the card indicates busy up to 1 second\to\prepare recording
(Garbage collection, clean-up of internal status, etc.).

(2) Update DIR

This function indicates that following write command shall bea directory-entry write. On receiving
CMD20 Update DIR function, the card shall recognize and manage the 512-byte area (DIR) specified
by the following single block write command (either CMD24 or'CMD25).as a location of the directory
entry updated during the stream recording. The designated area (DIR) shall be written by single block
writes and may be written repeatedly without preceding CMD20 Update DIR. Write to DIR (even
without FAT write) counts in one of 8 times FAT write/cycles. This function is always needed before
Start Recording. If this function is issued during the recording; the card recognizes that the current
recording is ended and the following write command is recognized as the directory entry for the next
recording. After that, the host shall issue CMD20 Start Recording to start the next Speed Class
recording. The busy indication of this function is up\to 10ms for this function.

(3) Update CI
This function indicates that the following write command is a write to a Cl cluster. When the card
receives CMD20 Update CI function during the recording, the card recognizes that following 512-
byte single block write (either CMD24-or CMD25) is an update to a ClI cluster. Busy indication of
CMD20 Update Cl is up to 10ms for thisfunction.

4.13.2.8.2 Requirements for Speed Class Host
There are requirements for.host to support CMD20
e If host records data to SDXC or SDUC card, it shall support CMDZ20 to indicate Start Recording.
e The host shall issue CMD20 Update DIR before Start Recording regardless of updating Cl during
the recording.
e If host updates CI during the recording, it shall issue CMD20 Update CI just before the 512-byte
single block-write (either CMD24 or CMD25) updating CI.

4.13.2.9 Example of Speed Class Recording Sequence
Figure 4-54 shows example sequence of Speed Class recording.
Even ifthe write data size after CMD20 Update DIR is wrong (larger than 512-byte), the card accepts data
writes without error but’Speed Class performance is not maintained.

The host starts Speed Class recording by CMD20 indicating the Start Recording function and exits by
either CMD20 indicating the Update DIR function or non-Speed Class write command. During the
recording period, allowable write operations are limited to those shown below.

1. Stream data is written by one or more RU

2. FAT Update consists of three write commands, FAT( < 16KB)+Bitmap( < 16KB)+DIR(512-byte)

3. Cl Update consists of single block write (512-byte by either CMD24 or CMD25 always preceded by
CMD20 Update ClI)
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Even if the write data size after CMD20 Update Cl is wrong (larger than 512-byte), the card accepts data
writes without error but Speed Class performance is not maintained.

The SDXC or SDUC Speed Class host shall issue CMD20 Update DIR before CMD20 Start Recording
so that the card can distinguish DIR and CI properly. Between Update DIR and Start Recording, data
read/write/erase commands and secure commands are allowed. In addition; read commands of
registers/status are also allowed.

If any other commands are issued, CMD20 Update DIR shall be issued again' befere. CMD20 Start
Recording.

Always preceding the write command yvpdating Cl (Write CI)
Always Issued before (Need to be issued just before "Write Cl")
Start Recording y

1 [Update| [ Write |'[Other] [ Start |[ write | [Update]: Write i FAT |[ Write |/ 'g'i - Non. i
1| DR || DIR [|write] | Rec RU cl_|i ¢ ilupdate|| RU Dt : Efnmff f,zdw(;lt?:rs, ;V{tgf
‘‘‘‘‘‘ T-- T T Tt T . Wnte the recording

(DIR address is used in the recording)

/I pdate "Update DIR" means
< Speed Class Recording Pexiod > DIR for next stream

© Write Busy ~ 500ms Wiite Busy ~ 250ms |, | _

Figure 4-54 : Example of Speed Class Recording Sequence
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4.13.3 Speed Grade Specification for UHS-I and UHS-II
4.13.3.1 Speed Grade Parameters

4.13.3.1.1 UHS Speed Grade
Following grades are defined and indicated by UHS_SPEED_GRADE in SD Status. Speed Grade may
be supported in SDHC, SDXC and SDUC. Any cards having a specific Speed Grade shall also satisfy
the requirements and conditions of lower Speed Grades. In case of UHS-II card’supports Speed Grade
1, both UHS-I mode and UHS-II mode shall support Speed Grade 1. Similarly, in case of UHS-II card
supports Speed Grade 3, both UHS-I mode and UHS-II mode shall support Speed Grade 1 and 3.

(1) Speed Grade 0: Performance is less than 10MB/sec
(2) Speed Grade 1: Performance is 10MB/sec and above
(3) Speed Grade 3: Performance is 30MB/sec and above

4.13.3.1.2 AU (Allocation Unit)
AU size of Speed Grade is specified by UHS_AU_SIZE in SD-Status. The maximum AU size is 64MB.
Card should indicate smaller AU Size as much as possible/ Refer.to'Section 4.10.2 for more details.

4.13.3.1.3 RU (Recording Unit)
RU size is 512KB.

4.13.3.1.4 Pw (Write Performance)
The definition of Pw is the same as SDXC and SDUC. Refer to Section 4.13.2.2.

4.13.3.1.5 Pm (Performance Move)
Pm shall be treated as 0 regardless of the register value.

4.13.3.1.6 Pr and Trr(4KB) (Read Performance)
The definition of Pr and Trr(4KB) are the same as SDXC and SDUC. Refer to Section 4.13.2.3.

4.13.3.1.7 UHS-Il Parameters
Host may use any N_FCU size in case of using Speed Grade 1 and more than or equal to N_FCU=4
in case of using Speed Grade 3/ Use of larger N_FCU is recommended. Speed Grade is not supported
in 2L-HD Mode or Low Power(Mode.

4.13.3.2 Support of Speed Class Control Command (CMD20)
With regard'to Speed Grade supported Host and Card, support of CMD20 is mandatory for SDXC and
SDUC; and optional for\SDHC. In order to maintain backward compatibility, Speed Grade SDHC cards
shall support'Speed Class/and Speed Grade without the host indication of CMD20.
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4.13.3.3 Speed Grade Measurement Conditions
Speed Grades Measurement Conditions are defined in Table 4-65.

Item Definition
Pw Measurement Performance is measured the same as Pw under following conditions.
Conditions for UHS-I RU=512KB, Power Limit=1.44W (400mA at 3.6V)

An AU Size is used described in UHS_AU_SIZE (Up to 64MB).
[For Speed Grade 1]
SDCLK=80MHz for SDR and 40MHz for DDR
[For Speed Grade 3]
SDCLK=90MHz for SDR and 45MHz for DDR
The measurement method of UHS-I performance is the same as SDXC and
SDUC. If AU size is larger than 4MB, performance.is measured in each 4MB

sub-unit.
Pw Measurement Performance is measured the same as Pw underfollowing conditions.
Conditions for UHS-II RU=512KB, Power Limit=1.44W (400mA at 3.6Y)

An AU Size is used described inUHS_AU “SIZE (Up to 64MB).
[For Speed Grade 1]
RCLK=35MHz, Transmission'Speed Range=Range A (x15 Multiplier)
In FD Mode and Fast Mode. N_FCU=1.
[For Speed Grade 3]
RCLK=26MHz, Transmission Speed Range=Range B (x30 Multiplier)
In FD Mode and Fast Mode, N_FCU=4.
The measurement method of UHS-II performance is the same as SDXC and
SDUC. Performance is-measured’in each 4MB sub-unit.
FAT Update / Cl Update |Same as existing Speed Class
Write busy Each write busy shall be less than or equal to 250ms
Except DIR write-of SDXC and SDUC card may be up to 500ms

Table 4-65 : Speed Grade Measurement Conditions for UHS-I and UHS-II

4.13.3.4 Notes for Preparation Time of UHS-I'and UHS-II Card
At the beginning of a recarding, the\SD-Memory Card indicates busy as preparation time to start Speed
Class Recording. The maximum-preparation time is considered as 1 second. If CMDZ20 is received, the
card shall indicate the preparation time in-busy of CMD20 Start Recording. If CMD20 is not received, the
card should indicate the preparation-time in the busy of write operations, which writes to the first AU. In
this case, the card is not necessary to include preparation time of the first AU in Pw and host should
estimate 1 second preparation'time to write the first AU.

4.13.3.5 Host Operating Frequency
In case of Non ‘UHS-II\ mode, Host needs to use higher frequency clock than that of measurement
condition.
In case of Speed Grade’ 1/in UHS-Il mode, as Speed Grade of card is measured at 35MHz Range A, host
needs\to set-higher bit rate than measurement bit rate. That is when UHS-II is used in Transmission Speed
Range A (x15-Multiplier), host needs to provide RCLK more than or equal to 35MHz. When UHS-II card
is used in Transmission Speed Range B (x30 Multiplier), any frequency of RCLK range (26 MHz - 52MHz)
may be used.
In case of Speed Grade 3 in UHS-Il mode, as Speed Grade of card is measured at 26MHz Range B, host
needs to set higher bit rate than measurement bit rate. That is when UHS-II card is used in Transmission
Speed Range B (x30 Multiplier), any frequency of RCLK range (26MHz - 52MHz) may be used. Speed
Grade 3 is not supported in Range A (x15 Multiplier).

143



©Copyright 2001-2020 SD Card Association
Physical Layer Simplified Specification Version 8.00

4.13.4 Video Speed Class Specification
4.13.4.1 AU Use in Video Speed Class

4.13.4.1.1 Video Speed Class Introduction
In Video Speed Class, the AU (see Section 4.13.4.2.2) is used differently than in the other speed class
methods. In Video Speed Class recording, the following steps occur:

1. The host issues one or more (up to eight) CMD20 "Update DIR" functions (see Section
4.13.4.7.3) to set up directory entries.

2. The host selects an LBA space on AU boundaries that contains no data to be retained or
prepares the space by moving the data to be retained to free the AU (see Section 4.13.1.1). If
there is data in this LBA space to be retained, then the host is responsible to relocate this data
to other logical areas in the card.

3. The host tells the card to use the selected LBA space by specifying one to eight AUs using the
CMD20 "Set Free AU" command (see Section 4.13.4.7.7), which-informs the card that the
contents of the specified AUs have been released by the host and those AUs may be prepared
for efficient sequential writing.

4. The host issues the CMD20 "Start Recording".command (see Section 4.13.4.7.2).

5. The host begins issuing sequential write operations from the lowest LBA in the first active AU in
units of RU. The host uses assigned AUs sequentially/from the lowest to the highest. If the host
writes to non-sequential locations within the assigned AUs, the card may drop out of Video
Speed Class recording without warning (i.e:;~subsequent” writes will have non-speed class
timing).

6. If the assigned AUs have been completely written, \then:

a) the host may continue Video Speed Class recording by issuing another CMD20 "Set Free
AU" command and issuing sequential write-operations from the lowest LBA in the first newly-
active AU;

b) issuing CMD20 "Start Recording" is.optional after an AU boundary if the previous AU was
completely written (i.e., the last RU\in this’AU was written); and

c) issuing CMD20 "Start Recording" is required after an AU boundary if the previous AU was
not completely written (i.e., the last RU in this AU was not written).

If the card receives CMD20 "Set Free AU"command before completing an active AU (e.g., step 6¢)
above), then the data stored in the unwritten LBAs in those AUs is undefined.

Use of Speed Class (see'Section 4:13.1 and 4.13.2) or UHS Speed Grade (see Section 4.13.3) during
Video Speed Class recording results/indeterminate card behavior.

As described-in-step 3 above, AUs become assigned through a CMD20 "Set Free AU" command.

As described in-step 6 above, the active assigned AU is released by sequentially writing all its LBAs
from its lowest LBA to. its highest LBA. If another AU remains assigned, Video Speed Class recording
may continue.in that AU.

A CMD20"Suspend/AU" command releases all assigned AUs (i.e., only the active AU is suspended)
and terminates Video’Speed Class recording (i.e., Pw (see Section 4.13.4.3.1) is not maintained).
Video Speed- Class/recording may be resumed by a CMD20 "Resume AU" command (see Section
4.13.41.2).

If any violating‘condition from Table 4-66 occurs while there are assigned AUs:
a) all assigned AUs shall be released;
b) Video Speed Class recording shall be terminated (i.e., Pw (see Section 4.13.4.3.1) is not
maintained); and
¢) without a suspend address, Video Speed Class recording is not resumable.
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Commands

Violating Conditions

CMDO0-CMD11

Any CMDO through CMD11 terminates the Video Speed Class recording.

CMD14-CMD16

Any CMD14 through CMD16 terminates the Video Speed Class recording.

CMD22

Any CMD22 for SDHC and SDXC cards terminates the Video Speed Class
recording.

CMD22 for SDUC cards is required and it is included in_sequential write
performance calculation of Video Speed Class recording/after Start Recording

CMD24 If CMD24 addresses any non-sequential LBA in an active AU; then the Video
Speed Class recording is terminated.
Any other CMD24 in an active AU breaks SU timing.

CMD25 If CMD25 addresses any non-sequential LBA in an active AU, then the Video

Speed Class recording is terminated.

Any CMD25 that is not multiple RU size in an‘active AU-breaks SU timing.

Any CMD25 that does not start on an RU boundary in an active AU breaks SU
timing.

CMD26-CMD31

Any CMD26 through CMD31 terminates the Video Speed Class recording.

CMD34-37

If any CMD34 through CMD37 addresses any non-sequential LBA in an active AU,
then the Video Speed Class recording is'terminated.

Any CMD34 through CMD37 that is.not multiple RU size in an active AU breaks
SU timing. Any CMD34 through-CMD37 that does not start on an RU boundary in
an active AU breaks SU timing.

CMD38

If an LBA area designated by CMD32 and CMD33 includes a part of an active AU,
CMD38 terminates the Video Speed Class recording.

CMD39

Any CMD39 terminates the Video Speed Class recording.

CMD41-CMD47

Any CMD41 through CMDA47 terminates the Video Speed Class recording.

CMD50

If CMD50 addresses-any non-sequential LBA in an active AU, then the Video
Speed Class recording is terminated.

Any CMD50 that is net multiple RU size in an active AU breaks SU timing.

Any CMD50 that.does not start on an RU boundary in an active AU breaks SU
timing.

CMD51 Any €MD51 terminates the Video Speed Class recording.
CMD56 Any CMD56 terminates the Video Speed Class recording.
CMD57 If CMD57_addresses any non-sequential LBA in an active AU, then the Video
Speed Class-recording is terminated.
Any CMD57 that'is not multiple RU size in an active AU breaks SU timing.
Any CMD57 that does not start on an RU boundary in an active AU breaks SU
timing.
CMD60-63 Any CMD60 through CMD63 terminates the Video Speed Class recording.
ACMD1-ACMD12 |Any ACMD1 through ACMD12 terminates the Video Speed Class recording.
ACMD17 Any ACMD17 terminates the Video Speed Class recording.
ACMD19-ACMD21 |Any ACMD19 through ACMD21 terminates the Video Speed Class recording.
ACNMD24 Any ACMD24 terminates the Video Speed Class recording.
ACMD27 Any ACMD27 terminates the Video Speed Class recording.
ACMD29-ACMD37 |Any ACMD29 through ACMD37 terminates the Video Speed Class recording.
ACMD39-42 Any ACMD39 through ACMD42 terminates the Video Speed Class recording.
ACMDS50 Any ACMD50 terminates the Video Speed Class recording.

ACMD52-ACMD54

Any ACMD52 through ACMD54 terminates the Video Speed Class recording.

ACMD56-ACMD63

Any ACMD56 through ACMDG63 terminates the Video Speed Class recording.

Table 4-66 : Video Speed Class Violating Conditions
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4.13.4.1.2 Suspend and Resume in Video Speed Class
In Video Speed Class it is possible to continue using an AU across a power cycle. This involves a save
of the current write state of an AU, an optional power cycle the card, and then a resume of the Video
Speed Class write operations.

To save the current write location in the active AU the host suspends the AU by issuing the CMD20
"Suspend AU" command (see Section 4.13.4.7.5).

While the card is performing Video Speed Class recording, the results of processing a CMD20
"Suspend AU" command between RU writes are:
a) all assigned DIR slots shall be released;
b) unused assigned AUs shall be released;
c) if the lowest address of the subsequent RU is in an active AU, then'the/ SUS_ADDR field shall
be set to the lowest address of the subsequent RU; and
d) if the lowest address of the subsequent RU is not in an, active AU; then the SUS_ADDR field
shall be set to zero.

While the card is performing Video Speed Class recording; the current RU is partially filled and a
CMD20 "Suspended AU" command is issued, then:

a) all assigned DIR slots shall be released;

b) all active AUs shall be released; and

c) the SUS_ADDR field shall be set to zero.

If the card doesn't have active AU (e.g., a CMD20 "Set Free AU" command has not been issued) and
the card receives a CMD20 "Suspend AU", then the ' SUS_ADDR field shall not be changed.

If the SUS_ADDR field is non-zero, the process to resume the Video Speed Class write operations to
a suspended AU in a card is:

1) the host shall issue one or more CMD20 "Update DIR" commands;

2) the host shall issue the CMD20 "Resume AU" command;

3) the host shall issue the CMD20 "Start-Recording" command; and

4) the host may continue write loperations’starting at the suspend address.

If the SUS_ADDR field is zero;then the card is not configured to resume and the host should select a
new free AU to start Video Speed Class recording (see Section 4.13.4.1.1).

While the AU is suspended, any write to the suspended AU will result in the SUS_ADDR field being
cleared to zero (see Section 4.10.2.12).

4.13.4.1.3 Multiple File'Recording in Video Speed Class Introduction

In Video Speed Class,'\an AU may contain multiple files. It is possible to concatenate multiple files in
an AU, orto interleave write operations of different files within an AU. Video Speed Class supports up
to eight directory locations to be opened at the same time. Each directory location is assigned using
the\CMD20 "Update DIR" command (with CNT/ID "slot ID") (see Section 4.13.4.7.3) and released for
reassignment\ using the CMD20 "Release DIR" command (with CNT/ID "slot ID") (see Section
4.13.4.7.8).
Figure 4-55-is a/video recording with multiple captures of still photo. In this example the host will assign
a CNT/ID "slot ID" for the video file and another CNT/ID "slot ID" to be used for each of the capture
photos. In this example:

1. the host configures the directory entries for the first two files;

2. begins writing file #1;

3. writes file #2;
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4. writes additional data for file #1;

5. reconfigures CNT/ID "slot ID" for file #3;

6. writes file #3;

7. writes additional data for file #1;

8. reconfigures CNT/ID "slot ID" for file #4;

9. writes file #4; and

10. fills the remaining blocks in the AU with data for file #1.

AU
start
T —— ~ p—————— N s N\ = N emTTEmmm—s
Command jUpdate|| Write |[Update|| Write fSet Fred| Start V\érge UFQTt V\érLlje UF/c-j\Tt V\érge UFdATt Releasel|Update|| Write |
Sequence |DIR(s1)|DIR(s1)||DIR(s2)[DIR(s2)] AU || Rec R PRe Pah) CIPIR (s2)|DIR(s2)|[DIR(s2)] ™,
Configure DIR I . | . 1 . i / Reconfigure 1 %
1 1 1 1 1 H
1_forslot 1 (s1) and 2 (sZ) 1 '\ File #1 " File #2 1'\ File#1 lslot 2 (s2) for File #3' :
__________________ - e o o= o N\ =\ i _‘.-‘
................................................................................................................ AU
......................................... end
d o —_————— N amm_———— N amm_———— N oy~ =—=-\"-vrvr-n- \ o —_————— N o —-== -~
Vi A - i —
Write Write Write - Write Write
FAT FAT FAT JIReleasel| Update|| Write ﬂ FAT FAT
RU RU RU RU RU
ﬂ i V] gza;te Upda)te Update EIR (s2)|DIR(s2)||DIR(s2) i U Sdza;te i UPsd:Ste
I Ll r I
| . n . n . i Reconfigure lI . I . 1
, File#3 = File#l | File#l iislor2/(s2) for File #4) X File#4 , File#l |
N o - N - N e P N e e e e e T N e - N - ' d

Figure 4-55 : Example of Interleaved Multiple File Write in One AU

The example shown in Figure 4-56 includes the concatenated write of two files. In this example the
host will assign a CNT/ID "slot ID" for the first file.and reassign the CNT/ID "slot ID" for the second file.
In this example:

1. the host configures the directory entries for file #1;

2. completes writing file #1;

3. reconfigures CNT/ID "slot ID" forfile #2; and

4. completes writing file #2.

AU AU
start end
———— N ————— N Frmmmmmm—_— o———— =N
Write it S Write
Command tupdate| Write |Set\Freg| Start RU UFéTt eleasel| Update || Write RU UFé\Tt
Sequence {RIR(SL|DIR(s) \ AU || Rec o C[PIR (s1)|DIR(s1)[|DIR(s1) i
r Il
I Configure DIR | . | Reconfigure ] .
| I |
1 fOI’ slot 1 (Sl), l\ File #1 I|S|0t 1 (s1) for File #2|| File #2 )
__________________________ -

Figure 4-56 : Example of Concatenated File Write in One AU

4.13.4.1.4 Access Rules for Multiple File Recording
When a hostwrites multiple files in one AU, the following access rules apply:
a) file data-of multiple files are recorded sequentially in one AU by the multiple size of RU, where
partial RUs are to be padded by the host (the preferred pad value is zero); and
b) if the DIR address or the Cl address of the next file differs from the address of the previous file,
then the new address may be assigned by using the CMD20 "Release DIR", the CMD20 "Update
DIR" or the CMD20 "Update CI" during the recording period.
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Examples of these rules are shown in Figure 4-57.

“Start Rec” is NOT required. ] “Start Rec” is required.

AU#1 AU#2

[ Write size is multiple F{ Data#1 (Filel)
size of RU. -

Data#2 (Filel)

Write data of end of file { Data#3 (Filel)

is padded to RU size. Data#1 (File2)

Data#2 (File2)

Figure 4-57 : Access Rules for Multiple Files'Recording

4.13.4.1.5 CMD25 Boundary Crossovers in Video Speed Class
Cards shall maintain Pw (see Section 4.13.4.3.1) for CMD25; WRITE_MULTIPLE_BLOCK commands
that cross SU (see Section 4.13.4.2.4) boundaries within'the active AUs.

Cards shall maintain Pw for CMD25, WRITE/MULTIPLE_BLOCK commands that cross AU
boundaries within the assigned AUs.

Cards may not maintain Pw (see Section 4/13.4.3.1) for the portion of CMD25,
WRITE_MULTIPLE_BLOCK commands that cross the-end of the active AUs.

4.13.4.1.6 Read Response and Data in/Active’/AUS
When the card processes a CMD20 "Set Free AU" command, AUs to be selected become active (see
Section 4.13.4.7.7). When the CMD20."Set Free AU" command received, the host has released the
content of active AUs. In Video Speed Class recording, these active AUs are filled sequentially.

If the host reads LBAs!|in the active AUs that have been sequentially written, then the data that was
written should be returned.:

If the host reads LBAs in the active AUs that have not been written yet, then the data to be returned
changes during recording process. The data to be returned is undefined.

4.13.4.2 Video Speed Class Parameters

4.13.4.2.1 Video Speed Class
The Video Speed Class of the card is specified by VIDEO_SPEED_CLASS (see Section 4.10.2.10) in
SD/Status.

4.13.4.2.2 AU (Allocation Unit)
The AU size for Video Speed Class is specified by VSC_AU_SIZE (see Section 4.10.2.11) in SD Status.
The maximum AU size is 512MB. Card should indicate the smallest valid AU size that meets the card
design target.

4.13.4.2.3 RU (Recording Unit)
The RU size for Video Speed Class is 512KB.
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4.13.4.2.4 SU (Sub Unit)
An AU is composed of multiple SU's. Pw measurement (see Section 4.13.4.3.1) is collected across
each SU. The SU size for Video Speed Class is defined by the card's AU size (see Section 4.10.2.11).

4.13.4.2.5N_FCU
The configured N_FCU is reported in the LINK/TRAN Settings Register and’ the ‘card's maximum
N_FCU is reported in the Device-specific N_FCU in the LINK/TRAN Capabilities ‘Register. Both
registers are described in the SD Part1 Physical Layer Specification UHS-H-Addendun.

The minimum configured N_FCU required for Video Speed Class.is defined in the Video Speed Class
Measurement Conditions (see Section 4.13.4.8.2).

4.13.4.3 Video Speed Class Timing

4.13.4.3.1 Pw (Write Performance)

The sum of the time for the sequential write operations needed to.write-a SU (see Section 4.13.4.2.4)
defines the performance measurement period of that SU. The performance measurement period of the
first SU in the first AU preceded by a CMD20 "Set Free AU" command includes the busy time of the
CMD20 "Set Free AU" command that is issued after CMD20 “Start Recording". See Figure 4-58. If a
RU write is halted (e.g., CMD12) on an address, that does not complete the RU, then the Pw
measurement over the affected SU (i.e. the SU which contains the interrupted RU) is not valid. If the
AU writing remains sequential, the timing of next SU is valid.

1 1
CMD20 | |
CMD RES |+
“Set Free AU” : i
Busy,
5>
1 1A [N] [ (] 1
CMD25 | X b ¥ |
(RU Write), | M7 |[RES
i i Data % Busy Data % Busy LI
: : 1 [N] [ (] 1
) | & | & (I | & 1

Figure 4-58 : Time Components for Video Speed Class Performance Write Measurement

The time.needed to complete any other commands including write commands outside of the SU is not
included in the time’ measurement period of any SU (e.g., CMD20 "Start Recording", CMD20 "Update
DIR! operations, CMD20 "Release DIR", CMD20 "Update CI" operations, CMD20 "Suspend AU",
CMD20"Resume AU", CMD17, CMD18, CMD23).

The measured performance write time period (Pw time) of a card is the largest performance time
measurement period of each of the SUs that are included in all AUs except the AUs in the card that
contain file system information. The measured Pw of SU is the SU size in MB (see Section 4.13.4.2.4)
divided by Pw_time in seconds. The value reported by VIDEO _SPEED_CLASS (see Section
4.10.2.10) is equal or less than the measured Pw.
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The card shall satisfy the above measured Pw regardless of the frequency of FAT Update cycles during
Video Speed Class write. The minimum FAT Update frequency is zero. The card stops performing
Video Speed Class recording, if receives any of the commands in Table 4-66.

Figure 4-59 shows the measurement of an AU's Pw.

Command |update|| Write FSet Start || Write | | Write | | Write FAT || Write FSet Write |\| Write FAT
Sequence D|R(Sl) DlR(Sl) Ar\%e Rec SU SuU SuU Update SU /{?JEJ SU SuU Update
1 1 1 [} [} 1 1 [} [} [N} 1
1 1 1 [} [} 1 1 [} [} [} 1
1 1 1 [} [} 1 1 [N [} [} 1
<—> i i & : i & N 3 :
VA v B v B v B nBown Cy D B

A: Not included in Pw measurement (“Set Free AU* before “Start Recording”)
B: Pw measurement period
C+D: Combined Pw measurement period

Performance is measured over each Pw'measurement period.
Performance of the AU = min (Pw,, PW5;...x Pwy)
N = the number of SUs in the AU

Figure 4-59 : Measurement of Pw

4.13.4.3.2 Pm (Performance Move)
Pm doesn't apply to Video Speed Class;

4.13.4.3.3 Pr and Ter(4KB) (Read Performance)
The read performance period of lan SU is the sum of the time used for the sequential read operations
(see Figure 4-60) that are needed to-read the entire SU (see Section 4.13.4.2.4), given:
a) the SU is aligned within an AU (see/Section 4.13.4.2.2);
b) the SU is in an AU that does not contain file system information as defined in: SD Specifications,
Part 2, File System Spé&cification;
¢) the sequential read commands have a data size equal to an RU (see Section 4.13.4.2.3); and
d) the sequential read commands are not interleaved with any other commands.

The Pr of’a given SU is the SU's size in MB divided by read performance period of that SU in seconds.

The Prof.the card is the smallest Pr for all the SUs in the card that are in AUs that do not contain file
system information as defined in: SD Specifications, Part 2, File System Specification.

If Video Speed Class recording is supported, then the card's Pr shall be greater than, or equal to the
card's Pw (see Section 4.13.4.3.1).

Trr(4KB)is defined as the maximum time to read a 4KB FAT and Directory Entry (see Figure 4-60),
given:
a) the read command addresses a 4KB extent that contains file system information as defined in:
SD Specifications, Part 2, File System Specification; and
b) the read command is a single read command with a data size of 4KB.
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The Trr(4KB) of the card is the largest all Ter(4KB) reads.

CMD18 '
(RUReadand | cMD || RES
4KB FAT Read)

C C Cc g
Data [R|| Data |R|| Data|R| « ¢ e | Data R
(o} C C ©

Figure 4-60 : Read Performance Period for Pr.and Trr(4KB)

Trr(4KB) of the card shall be less than or equal to 20ms.

4.13.4.3.4 Busy Times for CMD20 Operations
The busy time for CMD20 operations and whether the busy times are include in Pw measurement is
defined in Table 4-67.

No. | CMD20 Function tBUSY Applies to
VSC Pw
1 Start Recording 1 second No
2 Update DIR 10ms No
3 Associated Write Command to (2) /250ms (SDHC) / 500ms (SDXC and SDUC)| No
4 Update ClI 10ms No
5 Associated Write Command to (4) |250ms No
6 Suspend AU 250mis No
7 Resume AU 250ms No
8 Set Free AU 250ms Yes
9 Release DIR 50ms No

Table 4-67 : Busy Time for CMD20 Operations

4.13.4.4 SD Interface Mode Requirements for Video Speed Classes
The requirements for lower, Video Speed Class support (see Section 4.10.2.10) and the SD interface
mode requirements (see Section 3.10.5) interact. Two examples of interacting requirements on a card
supports Video Speed Class'90 are:
a) the card supports Video'Speed Class 6 and its required SD interface mode (e.g., High Speed
mode);.and
b) the card supports|Video Speed Class on all SD interface modes that the card supports (e.g., if
UHS:I SDR104 is/supported, then all supported Video Speed Classes are supported on UHS-I
SDR104).

Table 4-68 defines the SD interface modes that shall be supported for each Video Speed Class. This
table also.defines the SD interface modes that shall be supported if the combination of a Video Speed
Class and a SD'interface mode is supported.

Note: DS and SDR12 interface modes are not applicable to Video Speed Class specification.
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Video UHS-| UHS-I
%‘I’:sg HS | SpR25| sDR50|DDRS0|SDR104|  FD HD
VSC6 M MiS | MiS | MiS MiS MiS MiS
VSC10 M MiS | MiS | MiS MiS MiS MiS
VSC30 M MiS MiS MiS MiS
VSC60 M MiS
VSC90 M MiS

"M": Video Speed Class support is mandatory.
"MiS": Video Speed Class support is mandatory if the SD interface mode is supported.
Table 4-68 : SD Interface Mode Requirements for Video Speed Classes

4.13.4.5 Requirements of SD File System for Video Speed Class
See Section 4.13.1.8.3.

4.13.4.6 FAT Updates in Video Speed Class

4.13.4.6.1 Multiple Files in an AU
The FAT update cycle is defined in Section 4.13.1.7. In Video Speed Class, up to eight directory entries
(see Section 4.13.4.1.3) may be supported to allow simultaneous access of up to eight files, resulting

in up to eight FAT update cycles between any RU actesses. The Average FAT Write Time and
Maximum FAT Write Time for Video Speed Class Specification are described below.

4.13.4.6.2 Average FAT Write Time

Equation (6) defines Average FAT Write Time (Trw(ave.)) of Video Speed Class for Single Slot mode,
which has compatibility to that of Speed Class. Equation (7) defines Average FAT Write Time
(Trw(ave.)) of Video Speed Class for Multi-Slot mode.

Average FAT Write Time:

Zg‘,TFW (i)

T, (ave) = 'ﬂT <100ms(max’.) for Slot 1 only

2 Tew ()

T, (ave)= 'ﬂT <150ms(max.) for multiple slots

Single Slot is.default mode. Card keeps Single Slot mode or switches to Multi-Slot mode depends on
assignment of DIR Slots on receiving CMD20 "Start of Recording" command:
(2) when no DIR Slot has been assigned, card is in Single Slot mode (default)
If any of DIR Slots is assigned, another "Start Recording" command is required
(2) when only DIR Slot 1 has been assigned, card is in Single Slot mode
DIR Slot 1| can be re-assigned after "Start Recording" command
If any of DIR Slot 2 to Slot 8 is assigned, another "Start Recording" command changes to Multi-
Slot mode
(3) when card has been assigned any of DIR Slot 2 to Slot 8, card is in Multi-Slot mode
Any of DIR Slots can be re-assigned after "Start Recording" command

Host needs to prepare buffer to save streaming data while FAT update is performed. For example, if
host budgets time for 8 FAT updates cycles, 800ms (=8x100ms) host buffer is required for single slot
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mode and 1.2seconds (=8x150ms) host buffer is required for Multi-Slot mode regardless of the number
of slots.

4.13.4.6.3 Maximum FAT Write Time
Equation (8) limits the Maximum FAT Write Time (Trw (max.)) of Video Speed Class Specification.

Maximum FAT Write Time: TFW (max ) STOOMS (8)

At most one Trw(max.) may be indicated during any 8 FAT update cycles to. satisfy sliding average
requirement by managing DIR slots.

4.13.4.6.4 Example Sequence of FAT Cycle
Trw(ave.) is calculated as the sliding average of 8 FAT updates cycles among all DIR slots (see Section
4.13.4.6.2). Host may perform any slot combination of FAT Update.

i 8 FAT Updates sliding average
8 FAT Updates sliding average
8 [FAT Updates sliding average

FAT FAT FAT FAT
Slot1l --- Update |~ Update [ Update [~~="~=="-- Update """""" Update """"""" Update Update """
1
: : 1 1
FAT FAT :
Slot 2 '"E' """"" i """"" E' """"" Update [~7777777TTTTTOATTRI TR TR Update [~77777777° HEE. [
| i
' i ' : ! i
i i i H
Slot 3 ---f----=---=- fommemmnes Ao Uflate f--smmmefmmmsmmmneas RN et —
'
1 1 H
1 1
1
1

Ll

Figure 4-61 : Example Sequence of FAT Cycle
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4.13.4.7 CMD20 in Video Speed Class

4.13.4.7.1 CMD20 in Video Speed Class Overview
CMD20 for Video Speed Class has several functions that were not defined in earlier speed classes.
If a card supports Video Speed Class, support of CMD20 is mandatory regardless of capacity.
Host shall use CMD20 to perform Video Speed Class recording.

Error Check

CMD — CMD20 [ Rib | [ompis [ ri

If CMD20 does not indicate-busy, folowing
tgusy(max.) | CMD13 is notrequired.

<

Speed Class Control Command (CMD20)

S T Index SCC VSC CNT/ID Reserved ADDR CRC7 E
010100 XXXX X XXX 00 XXXXXXN XX
Speed Class Control CNT/AD ADDR
0000b: Start Recording xxxb:/Cammand Specific 512KB Unit Address
0001b: Update DIR (22 bits)

0010b: Reserved
0011b: Reserved
0100b: Update CI VSC
0101b: Suspend Recording
0110b: Resume Recording
0111b: Set Free AU

1000b: Release DIR
Others: Reserved

Ob: Legacy Speed Class or UHS Speed Grade
1b: Video Speed-Class

Figure 4-62 : Definition of CMD20 (Video Speed Class)

4.13.4.7.2 Start Recording

4.13.4.7.2.1 Start Recording Description
Avalue of 0000b in the SCC field(see Section 4.13.4.7.1) of CMD20 is "Start Recording". Video Speed
Class uses this CMD20 function-differently than Speed Class and UHS Speed Grade.

In Video Speed Class, this function indicates that host intends to starts stream recording (see Section
4.13.4.2.1).,/This function requests the card to prepare recording (Garbage collection, clean-up of
internal status, etc.).

4.13.4.7.2.2 Start Recording Parameters
For/CMD20 "Start Recording":
a) VSC is-set to’1b;
b) CNT/ID is reserved; and
c) ADDR is reserved.

4.13.4.7.2.3 Start Recording Busy Timing
The maximum tBUSY for CMD20 "Start Recording" is 1 second (see Section 4.13.4.3.4).

4.13.4.7.2.4 Start Recording Error Conditions
CMD20 "Start Recording" has no error conditions.

154



©Copyright 2001-2020 SD Card Association
Physical Layer Simplified Specification Version 8.00

4.13.4.7.3 Update DIR

4.13.4.7.3.1 Update DIR Description
A value of 0001b in the SCC field (see Section 4.13.4.7.1) of CMD20 is "Update DIR". Video Speed
Class has added parameters and functionality to this CMD20 function that are not used in Speed Class
and UHS Speed Grade.

This function indicates that following write command shall be a directory entry. write. On receiving
CMD20 "Update DIR", the card shall recognize and manage the 512-byte area (DIR) specified by the
Slot ID in the CNT/ID field. The address of the following single block write command (either CMD24 or
CMD25) is the location of the directory entry specified by the Slot ID in the'CNT/ID field. The designated
area (DIR) shall be written by single block writes and may bewritten| repeatedly without preceding
CMD20 "Update DIR". Subsequent write commands to this location apply to\FAT update timings as
defined in Section 4.13.4.6.

Cards shall support eight concurrently active Slot IDs.

The assignment of any directory entry write areas in the card shall.not persist over power cycles or
after processing a CMD20 "Suspend AU" command:

This function may be issued before Start Recording and during Video Speed Class writing.

Application Note:

(1) VSC application should use the minimum number of Directory Entries as much as possible so that
8 DIR slots can be efficiently utilized.

(2) VSC application should consider that DIR locations-are not distributed. If all DIRs belong to an AU,
release of DIRs will generate a write back to the|\AU. However, if DIRs are distributed to multiple
AUs, release of DIRs will generate inefficient write backs to the all AUs in which DIRs have been
assigned.

4.13.4.7.3.2 Update DIR Parameters
For CMD20 "Update DIR™:
a) VSC is set to 1b;
b) CNT/ID shall contain-the slot IDto be assigned (e.g., 000b is the first slot); and
c) ADDR is reserved.

4.13.4.7.3.3 Update DIR Busy, Timing
The maximum tBUSY for CMD20 "Update DIR" is 10ms (see Section 4.13.4.3.4).

The maximum tBUSY for the write command associated with CMD20 "Update DIR" is 250ms (SDHC)
/ 500ms (SDXC/SDUC) (see Section 4.13.4.3.4).

4.13.4/7.3.4 Update DIR'Error Conditions
If the card receives CMD20 "Update DIR" to a slot ID that has been assigned and not released (CMD20
"Release DIR"), then the card indicates ERROR in R1 (ERX).

If the card does not receive one or more CMD20 "Update DIR" in the sequence before CMD20 "Start
Recording", then the card may not enter Video Speed Class recording without warning.

And if host changes DIR address that has already been stored in a specific slot to other DIR address
without power cycle, host shall release the registration by issuing CMD20 "Release DIR" and then
register other DIR address by issuing CMD20 "Update DIR" with the same "SLOT ID".
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4.13.4.7.4 Update ClI

4.13.4.7.4.1 Update CI Description
A value of 0100b in the SCC field (see Section 4.13.4.7.1) of CMD20 is "Update CI". The use of this
function in Video Speed Class is described in Section 4.13.4.1.1.

This function indicates that the following write command is a write to a CI cluster. When the card
receives CMD20 Update CI function during the recording, the card recognizes/that following 512-byte
single block write (either CMD24 or CMD25) is an update to a Cl cluster.

4.13.4.7.4.2 Update Cl Parameters
For CMD20 "Update DIR":
a) VSCis set to 1b;
b) CNT/ID is reserved; and
c) ADDR is reserved.

4.13.4.7.4.3 Update Cl Busy Timing
The maximum tBUSY for CMD20 "Update CI" is 10ms (see Section 4.13.4.3.4).

The maximum tBUSY for the write command associated ‘with CMD20 "Update CI" is 250ms
(SDHC/SDXC/SDUC) (see Section 4.13.4.3.4).

4.13.4.7.4.4 Update CI Error Conditions
CMD20 "Update CI" has no error conditions:.

4.13.4.7.5 Suspend AU

4.13.4.7.5.1 Suspend AU Description
Avalue of 0101b in the SCC field (see'Section 4.13.4.7.1) of CMD20 is "Suspend AU". This function is
not used in Speed Class recording orin UHS Speed Grade recording.

This function indicates that Video Speed Class host intends to suspend Video Speed Class recording.
On receiving CMD20 "Suspend AU'; the card shall recognize that Video Speed Class recording is
suspended, and store the lowest-address in the next RU to be recorded as the suspension address.
This suspension address s ‘available;in the SUS_ADDR field (see Section 4.10.2.12).

After suspension, the card leaves the recording period and it doesn't ensure performance based on
Video Speed Class Specification. To restart Video Speed Class recording, the host shall follow the
resume procedure (see Section 4.13.4.1.2).

And after suspension, if host alters any data in the target AU which includes the suspension address,
the suspension address is cleared by the card (see Section 4.10.2.12).

If CMD20 "Suspend AU" is issued under the conditions that the suspension address has already been
registeredin the\card, the suspension address is not changed.

If CMD20 "Suspend AU" command is issued to a partially filled RU (see Section 4.13.4.1.2), then:
a) any assigned DIR slot are released;
b) any active AUs are released; and
c) the SUS_ADDR field is cleared to zero.
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Application Note: If CMD20 "Suspend AU" is not issued at SU boundary, the host should estimate the
write time of the incomplete SU as write time of one complete SU.

4.13.4.7.5.2 Suspend AU Parameters
For CMD20 "Suspend AU":
a) VSC is set to 1b;
b) CNT/ID is reserved; and
c) ADDR is reserved.

4.13.4.7.5.3 Suspend AU Busy Timing
The maximum tBUSY for CMD20 "Suspend AU" is 250ms (see Section 4.13:4.3.4).

4.13.4.7.5.4 Suspend AU Error Conditions
CMD20 "Suspend AU" has no error conditions.

Application Note: If the card did not suspend for any.reason; then the only warning to the host is that
the SUS_ADDR field (see Section 4.10.2.12) is set\to zero,

4.13.4.7.6 Resume AU

4.13.4.7.6.1 Resume AU Description
A value of 0110b in the SCC field (see Section 4.13.4.7.1) of CMD20 is "Resume AU". This function is
not used in Speed Class recording or in UHS Speed Grade recording.

This function indicates that Video Speed Class host intends to resume stream recording. Video Speed
Class hosts issue this command at anytime after suspension. See Section 4.13.4.1.2 for a description
of the procedure to suspend and resume.

Application Note: After CMD20 "Resume AUYis'issued and before CMD20 "Start Recording" is issued,
any write command to the AU to (be resumed clears the SUS_ADDR field so that the card will not
resume Video Speed Class recording'when requested.

Application Note: If CMD20, "Resume AU" is not issued at SU boundary, the host should estimate the
write time of the incomplete SU’as write time of one complete SU.

4.13.4.7.6.2 Resume AU Parameters
For CMD20 "Resume AU":
a) VSC is set to1b;
b) CNT/D'is reserved; and
¢) ADDRis reseryed.

4.13.4.7.6.3 Resume AU Busy Timing
The maximum tBUSY for CMD20 "Resume AU" is 250ms (see Section 4.13.4.3.4).

4.13.4.7.6.4 Resume AU Error Conditions
If the card receives CMD20 "Resume AU" command and the SUS_ADDR field (see Section
4.10.2.12) is zero, then the card indicates ERROR in R1 (ERX).
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4.13.4.7.7 Set Free AU

4.13.4.7.7.1 Set Free AU Description

A value of 0111b in the SCC field (see Section 4.13.4.7.1) of CMD20 is "Set Free AU". This function is
not used in Speed Class recording or in UHS Speed Grade recording.

This function indicates that Video Speed Class host assigns one or more sequential write AUs for Video

Speed Class recording. See Section 4.13.4.1 for a description of the Video Speed Class recording
flow.

After issuing this command, data stored in the active AUs may not be preserved and the card may
return indeterminate data until subsequent write commands succeed.

If more than one AU is bundled in this command, then the AUs-are assigned-are sequential, starting at
the AU specified in the ADDR field (see Section 4.13.4.7.7.2).

If the card receives a CMD20 "Set Free AU" command before the currentassigned AUs are filled, then
a) the contents of the unwritten portion of the previous bundled AUs are undefined; and
b) the contents of the newly assigned AUs may not be preserved (e.g. the data is undefined).

The read response for LBAs that are assigned by this command-is/specified in Section 4.13.4.1.6.

Figure 4-63 illustrates an example of the relationship between assigned AUs and the active AU. The
figure illustrates the assigned AUs and the active AU after a sequence where:
1. ACMD20 "Set Free AU" assigned four AUs
2. The first two AUs have been filled by Video Speed.-Class recording
3. The third AU of the original bundle is to'be used for the next Video Speed Class recording (i.e.,
the active AU)
4. The third AU and fourth AU of/the/original bundle are still reserved for Video Speed Class
recording (i.e., the assigned AUSs)

AUs that were assigned by
a-CMD20 “Set Free AU”

First Bundled

AUs that have been filled/and AU
are no longer relevant to
Video Speed-Class recording Second Bundled
AU
Assigned AUs: AUs that have Third Bundled written to by Video Speed

r ] Active AU: The AU that will be

not'been filled and are still AU

relevant to.Video'Speed
Class recording

Class recording

Fourth Bundled
AU

Figure 4-63 : Example of the Relationship between Assigned AUs and the Active AU
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4.13.4.7.7.2 Set Free AU Parameters
For CMD20 "Set Free AU":
a) VSC is set to 1b;
b) CNT/ID contains the count of the number of bundled AUs to be assigned (e.g., 000b is one AU,
111b is eight AUs); and
c) ADDR contains the lowest address of the first bundled AU where the address is in 512KB units
(e.g., the first usable free AU may be AU 3).

Cards shall support all CNT/ID field count values.

4.13.4.7.7.3 Set Free AU Busy Timing
The maximum tBUSY for CMD20 "Set Free AU" is 250ms (see Section 4.13.4.3.4).
The busy time of CMD20 "Set Free AU" is included in Pw calculations (see-Section 4.13.4.3.1).

4.13.4.7.7.4 Set Free AU Error Conditions
If the card receives CMD20 "Set Free AU" command with non-AU aligned address, then the card
indicates ERROR in R1 (ERX).

Application Note: If the card receives CMD20 "Set Free AU" command with the ADDR field set in the
file system area (see Section 4.13.4.5), then the Video Speed Class performance may not be
achieved.

4.13.4.7.8 Release DIR

4.13.4.7.8.1 Release DIR Description
A value of 1000b in the SCC field (see’Section 4:13/4.7.1) of CMD20 is "Release DIR". This function
is not used in Speed Class recording orlin UHS Speed Grade recording.

This function indicates that the DIR address-stored in the specified slot shall be cleared. This function
used before reassigning the directory entry-assigned to a slot ID as shown in Section 4.13.4.1.3.

4.13.4.7.8.2 Release DIR Rarameters
For CMD20 "Release DIR™
a) VSC is set to 1b;
b) CNT/ID shall contain the slot ID to be released (e.g., 000b is the first slot); and
c¢) ADDRis reserved.

4.13.4.7.8.3 Release DIR Busy Timing
The maximum tBUSY!for CMD20 "Release DIR" is 50ms (see Section 4.13.4.3.4).

4.13.4.7.8.4 Release DIR Error Conditions
CMD20 "Release DIR" has no error conditions.
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4.13.4.8 Video Speed Class Measurement Conditions

4.13.4.8.1 Video Speed Class Measurement Conditions Overview
Video Speed Class Measurement Conditions are defined in Table 4-69.

Item Definition

AU Size See Section 4.13.4.2.2

RU Size See Section 4.13.4.2.3

SU Size See Section 4.13.4.2.4 and Section 4.10.2.11
Clock Condition See Section 4.13.4.8.2

Power Limit See Section 4.13.4.8.3

Pw Measurement Method See Section 4.13.4.3.1

FAT Update Timing See Section 4.13.4.6

Update Cl Timing See Section 4.13.4.74.3

Update DIR Timing See Section 4.13.4.7.3.3

Table 4-69 : Video Speed Class Measurement Conditions

4.13.4.8.2 Clock Condition
Clock condition to measure each Video Speed Class value is shown,in Table 4-70. Video Speed Class
is not supported in Low Power Mode of UHS-II.

VSC | DS | HS o RisTSDR25 ;;551) SDRB0[SDR104 RCLKUHF?LE = RCLKUHIEI-_III_HD
Value | [MHz] | [MHz] " v o0 TMHZ] | (MHZ] | [MHzZEL IMP=] ) [MHZ] |Range? N-FCY| [MiZ] |Ranged N-FCY
VSC6' | N/A 20 N/A 20 40 80 80 26 A 1 26 A 1
26 B 26 B
VSC10"| N/A 40 N/A 40 40 80 80 35 A 1 35 A 1
26 B 26 B
VSC30 | N/A N/A N/A | N/A 45 90 90 26 B 4 26 B 4
VSC60 | N/A N/A N/A | N/AT N/A-| N/A | NA 38 B 4 38 B 4
VSC90 | N/A N/A N/A | N/A | N/A | N/A | N/A 47 B 16 47 B 16

Note1: Video Speed Class 6 and Video Speed Class 10 shall support both conditions A and B of PLL
Range shown in this\table:
Note2: "PLL Range" means "Transmission Speed Range".

Table 4-70': Clock Condition for Video Speed Class

4.13.4.8.3 Power Limit
The following table shows the Power Limit for each interface when measuring Video Speed Class
performance.  Host should supply this power supply level or more to ensure Video Speed Class
performance.
For a,given interface; the power requirements of the card will be lower for lower speeds.

Interface Power Limit [W] | Video Speed Class

HS 0.72 6, 10

UHS 0.72 6, 10 (SDR25)
1.44 6, 10, 30 (DDR50, SDR50 and SDR104)
1.44 6, 10, 30

UHS-II 1.80 6, 10, 30, 60, 90

Table 4-71 : Power Limit per Interface for Video Speed Class
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4.13.4.9 Host Operating Frequency
Card performance is specified with a fixed clock frequency for each Video Speed Class mode and Bus
Speed mode, see Table 4-70. To ensure a level of performance, a host has to use the specified frequency
or higher for Video Speed Class recording.

In case of UHS-II mode, use of Range B covers all Video Speed Class modes but the RCLK frequency is
different for each Video Speed Class mode. Video Speed Class 6, Video Speed Class 10 and Video
Speed Class 30 can be used in RCLK range 26MHz to 52MHz, Video Speed Class 60 can be used in
38MHz to 52MHz and Video Speed Class 90 can be used in 47MHz to’52MHz. For example, if the
measurement condition defines RCLK=38MHz in Transmission Speed Range B\(x30-Multiplier), the host
needs to use 38MHz to 52MHz with Transmission Speed Range B (x30-Multiplier).
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4.14 Erase Timeout Calculation
This chapter provides the guideline for long erase and a method to calculate erase timeout value.

4.14.1 Erase Unit
The Speed Class Specification defines a new management unit of AU (Allocation Unit). Erase timeout
calculation is defined as the basis of AU. SD memory card supports block erase but ittakes more time to
erase blocks, which are part of AU (partial erase AU). In this case, the host should.add 250 ms to the
result of timeout calculated on AU basis. When the start and end blocks are in\the same partially erase
AU, 500ms should be added.

4.14.2 Case Analysis of Erase Time Characteristics
Figure 4-64 shows an example of erase characteristics, numberof AU erased versus erase time. Erase
time is derived from erasing specified numbers of AUs by one erase command. Assuming that Erase is
performed on AU basis and its erase characteristics can be approximated to a linear line. The line A
illustrated in Figure 4-64 is an example characteristic.
The red line indicates the erase timeout value the host/should'use. The timeout value can be determined
by line A. If the erase timeout is less than 1 second the host should use 1 second as timeout. If the timeout
is bigger than 1 second the host should use the value determined/by Line A.
Register parameters Nerase, Terase and Torrset define the shape of the line. Terase indicates timeout for
erasing Nerase AUs from Torrset. Terase and Nerase determine the slope of the line. Torrser adjusts the
line by moving in parallel on the upper side. The card manufacturer shall determine these parameters so
that the line is always greater than the erase time of any AUs. Actual erase time shall be always less than
erase timeout and the slope of the line shall be lessthan3-second per AU.

Erase Timeout [Sec]

A

Terase { 3
21 Line A
T Number of AU Erased
Torrsér —» | | >
0 \1 2 3

NERASE

Figure 4-64 : Example Erase Characteristics (Case 1 TOFFSET=0)
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The line B illustrated in Figure 4-65 shows another example of erase characteristics. The red line indicates
the erase timeout value that the host should use. Since the time-out is bigger than 1 second, the red line
and line B are equivalent.

Erase time of an AU shall be less than 3 second. Torrser is mainly used to adjust erase timeout of an AU.

Erase Timeout [Sec]

A

TERASE

Line B
Torrser 2

1+ Number of AU Erased

»

[
—
0 1 2 3
Nerase

Figure 4-65 : Example Erase Characteristics (Case 2 TOFFSET=2)

4.14.3 Method for Erase Large Areas
The calculated erase timeout for multiple AUs might-be too large compared with the actual erase time.
The calculation of erase timeout is not accurate-because calculated timeout includes a margin. A margin
per AU accumulates and the result of calculating\the timeout for large number of AUs will include large
margins. Such calculations would be meaningless because the range of margin might be in order of
minutes. Therefore, a small number’ of AUs.should be erased at one time. This enables the host to
calculate smaller timeout with fewer errors,

Application Note:
When a large area is erased; the-host should divide it into small areas at the AU boundary and
continuously erase the small\areas using a small area erase timeout. It may take a long time to erase

a large area, so the host should inform the user about the erase progress, otherwise the user might
abort the execution of the erase.

4.14.4 Calculation of Erase Timeout Value Using the Parameter Registers
Erase Timeout of X AU can be calculated by Equation (9).

T
Erase Time-out of XAU =~ o X b T crabr e seeeseeeeee e, (9)

ERASE

Erase timeoutis determined by following steps:
(1) Calculate Equation (9).
(2) If the result of (1) is less than 1 second, the timeout is set to 1 second.
(3) 250 ms should be added to the result of (2) for each partial erase AU. When the start and end blocks
are in partially erase AUs, add 500 ms to the result of (2).
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4.15 Set Block Count Command

CMD12 has been used to stop multiple-block Read / Write operation. However, CMD12 is timing
dependent and it is difficult to control timing to issue CMD12 at exact timing. As UHS104 card has large
delay variation between clock and data, CMD23 is useful for the host to stop multiple read / write operation
instead of CMD12. Host is not necessary to control timing of CMD12. This command is applicable to
always 512-byte block length read/write operation and then SDSC card does not support this command.
Support of CMD23 is mandatory for UHS104 card.

Support of CMD23 is defined in SCR. The response type of CMD23 is R1 and busy.is notiindicated.
CMD23 is accepted in transfer state and effective to the multiple-block read/write.command (CMD18 or
CMD25) just behind CMD23. If another command follows CMD23, set block/count is.canceled (including
CMD13). For SDUC, CMD13 does not cancel the operation sequence (see Section 4.20.3 for more
details). If command CRC error occurs, the card does not return.R1 response-for CMD23. In this case,
Set block count is not valid and retry of CMD23 is required. If multiple CMD23-are’issued, the last one is
valid.

Figure 4-66 shows the definition of CMD23. If block count in the argument.is set to 0, CMD23 has no
effect. The block count value set by CMD23 is not checked by the card and then CMD23 does not indicate
any error in the response (A previous command error.is indicated, in. the response of CMD23). If illegal
block count is set, out of range error will be indicated during’read/write operation (For example, data
transfer is stopped at user area boundary). Host needs to issue CMD12 if any error is detected in the
CMD18 and CMD25 operations. If a CMD25 is aborted and\the amount of data transferred is less than
the amount of data indicated by the preceding CMD23, then the area specified by CMD23 that is unwritten
may contain undefined data. If the amount of data transferred is greater than the amount of data indicated
by the preceding CMD23, then the extra data is not written.

Block Count
00000000h: No Effect
00000001h=1 block
00000002h: 2 blocks

FFFFFFFFh: 4294967295 blocks
Set Block Count Command /

S[T| Index Block Count ,/ CRCY|E No error is indicated by CMD23.
0f1| 010111 32-bit xx |1
CMD — 'CMD23 R1 CMD18/25 R1 —
DATIO]

Figure 4-66 : Set Block Count Command
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4.16 Application Performance Specification
The Application Performance specification classifies card random performance levels under specific
conditions. The specification defines a level of performance that satisfies both random and sequential
access requirements as defined below. The level of performance may be used to indicate a sufficient
performance levels for specific products.

4.16.1 Application Performance Classes

4.16.1.1 Application Performance Class 1
Application Performance Class 1 assures the following performance levels:
¢ Random Performance under the defined conditions as defined in"Section 4.16.2:
Read : 1500 IOPS
Write : 500 IOPS
o Sustained Sequential Write performance:
Minimum of 10MB/s write performance while writing any contiguous
1GB range using aligned 4MB chunks, overwriting a fully'sequentially written card.
The preconditions and test method of the given levels provided in the following sections.

4.16.1.2 Application Performance Class 2
Application Performance Class 2 assures the following /performance levels with the following
conditions:
¢ Command Queue and Cache shall be enabled-as below:
1. SD Express Card or SDUC Card:
If Command Queue is supported, Command Queue shall be enabled and used (as support
of Command Queue is optional) along with Cache enabled.
2. Other type of Card:
Command Queue shall be enabled\ and used (as support of Command Queue is
mandatory) along with Cache enabled.
¢ Random Performance under the conditions as defined in Section 4.16.2:
Read : 4000 IOPS
Write : 2000 IOPS
¢ Sustained Sequential Write-performance:
Minimum of 10MB/s write performance while writing any contiguous 1GB range using aligned
4MB chunks, overwriting-a-fully sequentially written card.
Application Performance Class 2 supported card also shall support Application Performance Class 1
under the condition of disabling Command Queue and Cache.

Application Note:

For SD Express cards and'SDUC cards, Command Queue feature is optional to meet A2. If Card
indicates support for CQ and A2, then host can achieve A2 performance with CQ enabled. If Card
indicates suppart\of A2 only without the support of CQ, then host can achieve A2 performance
without CQ scheme.

Card shall-indicate/the queue depth required to meet Application Performance Class 2 in both
Performance | Emhancement Function Register Byte[6], refer to Table 5-30, and
SD_STATUS(bit[335:331]), refer to Table 4.10.2-2. Card that meets Application Performance Class
2 shall support LV signaling, refer to Low Voltage Interface Addendum.

The preconditions and test method of the given levels provided in the following sections
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4.16.2 Application Performance Class Measurement Conditions
The Application Performance Class measurement conditions include the clock condition, power limit,
precondition state of the card and the performance parameters

4.16.2.1 Clock Condition
Clock condition to measure random and sustained sequential performance is-shown in Table 4-72.
Application Performance is not supported in Low Power Mode of UHS-II.

Application DS | HS UHS-I UHS-II FD UHS-II HD
N_FCU

Performance SDR12| SDR25| DDR50] SDR50]SDR104] RCLK]. PLL ROLK| PLL
Class | MHzI[IMHz] "y v IMHZ] | (MHZ] | [MHZ] | [MHZ] | IMHZ] Range? Y=FCY) (Mz] |Range?
A1/A2 N/A | NA | NJA | NA 40 80 80 35 A 1 35 A 1

26 B 26 B

Table 4-72: Clock Condition for Application Performance Class

4.16.2.2 Power Limit
The following table shows the Power Limit for each interface when measuring Application Performance.
Host should supply this power supply level or more to ensure/card Application Performance.
For a given interface, the power requirements of the card shall be lower for lower speeds.

Interface Power Limit [W] | Application‘Perfermance Class
UHS-I 1.44 A1, A2 (DDR50, SDR50 and SDR104)
UHS-II 1.80 A1, A2

Table 4-73: Power Limit per/Interface for Application Performance Class

4.16.2.3 Host Operating Frequency
Application Performance is measured with'a fixed clock frequency for each Bus Speed mode, see Table
4-72. To ensure a level of Application Performance, a host has to use the specified frequency or higher
for access.

4.16.2.4 Application Performance Measurement Conditions Overview
The Application Performance measurement conditions include the precondition state of the card and the
Application performance test...

4.16.2.4.1 Precondition
The card under measurement shall be preconditioned with the following steps
1. Full user area is'erased by CMD38 FULE as described in Section 4.3.5.3 (If FULE is not supported,
card shall execute'legacy erase).
2. 75% of.user area shall be written sequentially using CMD25 with data size of 4MB, aligned with
4MB boundary starting LBA 0.
3. Onalready written region as in step 2, sequential write 256MB area starting from a randomly
selected 4KB aligned LBA.
The preconditioned 256MB region shall be noted as ‘Random Performance Test Unit’ (RPTU).

For Application Performance Class 2, if Command Queue is supported, Sequential CQ mode shall be
used to carry out the precondition. Step 2 and 3 as mentioned above shall be written sequentially using
class 1 commands, as below, in increasing order of Task ID.

e Task Submission : CMD44/CMDA45 with Block count = 8192 [4MB size] and increasing start block
address per Task ID.
e Task Execution : CMDA47 with increasing order of Task ID
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4.16.2.4.2 Random Performance Test

Perform random writes / reads by targeting 4KB sized 10, aligned with 4KB unit, to the already
preconditioned 256MB region, RPTU. Write and Read test shall be carried out for 10minutes each, over
RPTU. The same RPTU shall be used to measure the random write and random read performance.

For Application Performance Class 2, Cache shall be enabled and, if Command Queue is supported,
Voluntary CQ mode shall be used to carry out random performance test. Average.random read/write
performance of the card shall be measured as average number of 4KB sized task carried out per second
over RPTU.
e Task Submission : CMD44+CMD45 with Block count = 8 [4KB size]
¢ Task Execution : CMD46/CMD47 with Task ID which was marked ‘ready’ by card
» CMD46 used during random read performance test
» CMD47 used during random write performance test

4.16.2.5 Sustained Sequential Write Performance Measurement Conditions Overview
The Sustained Sequential Write performance measurement conditions.include the precondition state of
the card and the sequential performance test.

4.16.2.5.1 Precondition
The card under measurement shall be preconditioned with the following steps
1. Full user area is erased by CMD38 FULE as described in Section 4.3.5.3 (If FULE is not
supported, card shall execute legacy erase).
2. 100% of user area shall written sequentially using CMD25 with data size of 4MB, aligned with
4MB boundary

For Application Performance Class 2, if Command Queue is supported, Sequential CQ mode shall be
used to carry out the precondition. 1002 of user-capacity shall be written sequentially using class 1
commands, as below, in increasing order of Task ID.
e Task Submission : CMD44/CMD45 with Block count = 8192 [4MB size] and increasing start block
address per Task ID.
e Task Execution : CMD47 with increasing order of Task ID

4.16.2.5.2 Sequential Write \Perfearmance/Test
Sequential write up to 1GB (1024MB)-using CMD25 with data size of 4MB, aligned with 4MB boundary,
to the already preconditioned card.

For Application Performance class 2, if Command Queue is supported, Sequential CQ mode shall be
used to carry out sequential write performance test. Sequential write up to 1GB (1024MB) shall be carried
out using Class’1l commands, as’below, in increasing order of Task ID.
e Task Submission : CMD44/CMD45 with Block count = 8192 [4MB size] and increasing start block
address per Task ID
o/Task Execution : CMDA47 with increasing order of Task ID
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4.16.3 Application Performance Class Parameters

4.16.3.1 Performance of Random Write, (PRw)
Random write performance, PRw is measured as average number of 4KB sized writes performed per
second for a duration of 10minutes over RPTU and the unit is IOPS.

For example, PRw 500 IOPS denotes, on an average 2000KB of data is transferred to.card in one second.

4.16.3.2 Performance of Random Read, (PRr)
Random read performance, PRr is measured as average numbef ‘of 4KB/sized reads performed per
second for a duration of 10minutes over RPTU and the unit is IOPS.

For example, PRr 1500 IOPS denotes, on an average 6000KB of data is.read-from card in one second.

4.16.3.3 Performance of Sustained Sequential Write, (PSSw)
Sustained sequential write performance, PSSw is measured as the average/write performance of the card
measured over 1GB contiguous region using CMD25 with data size of 4MB.
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4.17 Cache
Card shall indicate Cache feature support in the Performance Enhancement Function Register Byte[4],
refer to Table 5-30 and ‘PERFORMANCE_ENHANCE' of SD Status(b[330]), refer to Table 4.10.2-2. The
Cache shall be transparent to the host and host does not have direct access to the contents in the Cache.
It is up to card implementation to decide which of host data goes into Cache.
Host shall exercise ‘Flush Cache’, Performance Enhancement Function Register Byte[261] bit[0]="1" as
in Table 5-30, at least once before power off. Otherwise data kept in Cache may be lost. Any power loss
occurring during ‘Flush Cache’ operation may end in losing host data.
Card shall not take more than 1 second to complete ‘Flush Cache’ operation. Card shall indicate ‘busy’
using DATO line during ‘Flush Cache’ operation. Card shall ensure that the Cache size'is as much required
to complete ‘Flush Cache’ operation within 1 second.
Card shall support ‘Power off Notification’ when supporting Cache .and 'on reception of ‘Power off
Notification’, host data stored in Cache shall be flushed to non-volatile‘memory.

Below flow chart illustrates checking for Cache support, enable Cache and power off notification
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Figure 4-67 : Flowchart for Checking Cache
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4.18 Self Maintenance

Card may carryout internal maintenance using any of the two methods as follows, when enabled by the
host.

e Card initiated maintenance

¢ Host initiated maintenance

4.18.1 Card Initiated Maintenance
Card shall indicate support for card initiated maintenance in ‘PERFORMANCE_ENHANCE® of
SD_STATUS (b[328]), refer to Table 4.10.2-2 and Performance Enhancement Function Register Byte[2],
refer to Table 5-30. Host shall enable card initiated maintenance and ‘Power Sustenance’(refer to 5.8.1.4)
for allowing card to carryout internal maintenance operations. Once card initiated maintenance is enabled
by host, card may carryout internal maintenance operations when the SD bus:is idle.
Card shall receive and execute any command within the time limit'defined by specification.
Host that enable card initiated maintenance shall ensure to send ‘Power Off Notification’ as described in
Section 5.8.1.3 before turning off power to card, so that card shall‘gracefully.complete any active internal
maintenance operation within 1 second.

Below flowchart illustrates the checking for card initiated maintenance, enabling and disabling card
initiated maintenance
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Figure 4-68 : Flowchart for Card Initiated Maintenance

4.18.2 Host Initiated Maintenance
Card shalK indicate support for host initiated maintenance in ‘PERFORMANCE_ENHANCE' of
SD_STATUS (b[329]), refer to Table 4.10.2-2 and Performance Enhancement Function Register Byte[2],
refer to Table 5-30. If card that support host initiated maintenance wants to indicate the urgency level,it
shall indicate it in Performance Enhancement Function Register Byte[3], refer to Table 5-30, for carrying
out internal maintenance operation. Card shall choose any one of the four urgency level whenever
required. Based on urgency level host may instruct the card to carryout internal maintenance operation
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