SD Specifications
Part 1

Physical Layer
Simplified Specification

Version 9.00
August 22, 2022

Technical Committee
SD Card Association




©Copyright 2001-2022 KIOXIA, Panasonic Connect, SanDisk and SD Card Association
Physical Layer Simplified Specification Version 9.00

Revision History

Date

Version

Changes compared to previous issue

April 3, 2006

1.10

Physical Layer Simplified Specification Version 1.10 initial release.
(Supplementary Notes Ver1.00 is applied.)

September 25, 2006

2.00

Physical Layer Simplified Specification Version 2.00
(1) High Capacity Memory Card (SDHC)
Speed Class 2/4/6

May 18, 2010

3.01

Physical Layer Simplified Specification Version 3:01
(1) Extended Capacity Memory Card (SDXC)

(2) Ultra High Speed | (UHS-I)

(3) Speed Class 10

(4) UHS Speed Grade 1

Current Limit

January 22, 2013

4.10

Physical Layer Simplified Specification Version 4.10
(1) UHS-II Interface

(2) UHS Speed Grade 3

(3) Power Limit

Function Extension Specification

August 10, 2016

5.00

Physical Layer Simplified Specification Version 5.00
Video Speed Class VSC4/6/10/30/60/90

April 10, 2017

6.00

Physical Layer Simplified. Specification Version 6.00
(1) Discard and FULE to Erase
(2) Card Ownership Protection (COP) for Card Lock/Unlock
(3) Application Performance Class for A1/A2
(4) Cache
(5) Self-Maintenance
(6) Command Queuing
(7) Simplifed‘Mechanical Drawings
v | Simplifed-Bus Timings

August 29, 2018

6.00

Revised-Disclaimers

March 25, 2020

7.10

Physical Layer/Simplified Specification Version 7.10

(1) SD Express (PCle/NVMe interface added) Full size

(2) microSD Express

(3) SDUC - Ultra Capacity card (2TB-128TB)

(4). CPRM security optional

(5). Applied the Physical 7.10-6.00 Supplementary Notes Version
32.00

September 23, 2020

8.00

Physical Layer Simplified Specification Version 8.0
(1) Full Size SD Express cards with following interface
support added:
a. PCle 4.0 single lane
b. PCle 4.0 dual lane
c. PCle 3.1 dual lane

August 22, 2022

9.00

Physical Layer Simplified Specification Version 9.0

(1) Boot Functionalities

(2) TCG (Trusted Computing Group) security

(3) RPMB (Replay Protected Memory Block)

(4) Updated Write Protection function including Write Protect Until
Power Cycle




©Copyright 2001-2022 KIOXIA, Panasonic Connect, SanDisk and SD Card Association
Physical Layer Simplified Specification Version 9.00

Release of SD Simplified Specification/Addendum

The following conditions apply to the release of the SD Simplified Specification/Addendum by the SD
Card Association. The Simplified Specification/Addendum is a subset of the complete version of SD
Specification/Addendum that is owned by the SD Card Association.

Conditions for publication

Publisher:
SD Card Association
2400 Camino Ramon, Suite 375
San Ramon, CA 94583 USA
Telephone: +1 (925) 275-6615,
Fax: +1 (925) 886-4870
E-mail: help@sdcard.org

Copyright Holders:
KIOXIA Corporation
Panasonic Connect Co., Ltd.
SanDisk LLC
The SD Card Association

Notes:

The copyright of the previous versions (Version-1.00"and 1.01) and all corrections or non-material
changes thereto are owned by SD Group.

The copyright of material changes to the previous versions (Version 1.01) are owned by SD Card
Association.

Disclaimers:

This Simplified Specification is /made available by the SD Card Association (the “SDA”) at
https://www.sdcard.org/downloads/pls/index.htmi” (the “Site”) and your access to and/or use of this
Simplified Specification is subject to the-SIMPLIFIED SPECIFICATION TERMS AND CONDITIONS (the
“Terms”) that are displayed by clicking the "Download" button at
https://www.sdcard.org/downloads/pls/index.html.

If you are viewing or have accessed this Simplified Specification via any source, medium, or in any other
way other than directly from the Site pursuant your acceptance of the Terms, then your access to, viewing
of, and/or use of the Simplified \Specification is in violation of the SDA’s and its licensors’ intellectual
property rights. _Accordingly, unless obtained directly from the Site pursuant to the Terms, immediately
cease and/desist all.viewing, using, or accessing the Simplified Specification; destroy any copies of the
Simplified Specification in your possession, custody or control; and, if you desire access to the Simplified
Specification, proceed to the Site to obtain access and use of the Simplified Specification in an authorized
manner pursuant to the Terms.

Distribution of the Simplified Specification, other than through the Site, is a violation of the Terms and the
intellectual property  rights of the SDA and its licensors. The only rights granted in the Simplified
Specification are those expressly granted in the Terms. All rights not expressly granted pursuant to your
acceptance of the Terms are reserved to the SDA and its licensors. Notice is also hereby provided that
notwithstanding-any rights granted by the Terms, any implementation of the Simplified Specifications or
any portions thereof may require a separate license from the SDA, SD Group, SD-3C, LLC or other third
parties.



mailto:help@sdcard.org
https://www.sdcard.org/downloads/pls/index.html
https://www.sdcard.org/downloads/pls/index.html

©Copyright 2001-2022 KIOXIA, Panasonic Connect, SanDisk and SD Card Association
Physical Layer Simplified Specification Version 9.00

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
¢ 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< shall implement 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. Moreover,"SD ‘memory card can
implement TCG (Trusted Computing Group) and RPMB (Replay Protected Memory.Block) as another
security system, mainly for IoT or mobile/computing usage.

In addition to the SD Memory Card, there is the SD 1/0O (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/ignered. 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 SDIO 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’ on differential signaling interface (UHS-II and
PCle®/NVMe™) are specified as optional.The_cemmunication 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 | ——7777mmmmmmomooo Other Applications

Part 2 File System

. Part 1 Physical Layer Part A1 Part E1 SDIO
Part 3 Security ||| | yHs-Il Addendum Advanced
Low Voltage Interface Addendum s itv SD
Mechanical Addenda ecurnty

eSD Addendum (Embedded) Extension
Extended Security Addendum

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.
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* 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).

® 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 8D Memory 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 factofs.

(1) Standard Size Mechanical Addendum

(2) miniSD Mechanical Addendum

(3) microSD Mechanical Addendum

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

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

The definitions for either UHS-Il 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.

TCG security functionality in\SD card is'defined in the Extended Security 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 rand’ 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 if-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\25MHz, up to 12.5MB/sec
(4) SDR25: UHS-I 1.8V signaling, Frequency up to 50 MHz, up to 25MB/sec
(5) SDR50: UHS-1 1.8V signaling, Frequency up t0,100 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 Frequency Range 26MHz- 52MHz, up to 6.24Gbps per lane.

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

e Switch function. 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

¢ 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

o Built-in write protection features (Permanent Write Protect, Temporary Write Protect and Write
Protect Until Power Cycle)

e Card Detection (Insertion/Removal)

¢ Application specific commands

e Comfortable erase mechanism

o 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 8Gbps 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 I1/0 (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 for perfermance

All the optional standard features of PCle and NVMe standards may be implemented by host
and/or card if they wish to-(up to implementation). 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 8.1.48.1.5and 9)
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Protocol attributes of the basic SD communication channel:

SD Memory Card Communication Channel

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

Error-protected data transfer

Single or Multiple block oriented data transfer

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

SD Memory Card Form-factor

There are three Part 1 mechanical addenda as follows:

Standard Size SD Memory Card: Specified in "Part 1 Standard,Size SD Card Addendum"
miniSD Memory Card: Specified in "Part 1 miniSD Card Addendum"
microSD Memory Card: Specified in "Part 1 microSD-Card Addendum”

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

Boot Functionalities including boot partitions and Fast Boot
TCG (Trusted Computing Group) security including MBR Shadowing.
RPMB (Replay Protected Memory Block)

(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 NVM 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 RCIl Express®-are registered trademarks of PCI-SIG.

(3) Itis recommended for SD Express 8.0 hosts to support NVM Express revision 1.3d or 1.4 to avoid

any compatibility issues with/'SD Express cards using earlier revisions.

(4) The TCG defines the TCG 'security standard and specifications.

Contact the TCG for further information URL.: https://www.trustedcomputinggroup.org/.



http://nvmexpress.org/
https://pcisig.com/

©Copyright 2001-2022 KIOXIA, Panasonic Connect, SanDisk and SD Card Association
Physical Layer Simplified Specification Version 9.00

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 etc.

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 ranges VDD1:2.7-3:6 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 1.70-1.95V.

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, Protected Area and Boot Partitions

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.

SD Memory Card supporting CPRM has two, 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, and does not include ‘Boot Partitions. 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 Ultra Capacity 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 €apacity 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

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/response transaction (refer to Figure 3-4). This type of bus
transaction transfers their information directly within the command or response structure. In addition,
some operations have a data token.

Data transfers to/from the SD Memory.Card are done in blocks. Data blocks are always succeeded by
CRC bits. Single and multiple block operations are 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 can be configured by the host to use single or multiple data lines.

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

DAT - }-d e v ] data block |crc|-|--|data block|crc|---| data block|crgl- - oooonn- -
PRNUANR block read operation . . data stop operation ...,
e NN L 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 write-Operation 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

DAT oo data block |crcl-1|busvlt.|--- data block |crcl busy
] block write operation .. ... ... ... . data stop operpation. . )
€. ooo.........multiple block write operation ... .../ N0

Figure 3-6 : (Multiple) Block Write Operation

Command tokens have the following coding scheme:
transmitter bit:

"1'= host command Command content: command and address/information
or parameter, protected by 7 bit CRC checksum
end bit:

start bit: i
always‘c)\ l i f always "1
v

0 |1 |CONTENT JCRC| 1

total length=48 bits

Figure 3-7 : Command Token Format

Each command token is preceded by a start bjt (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 is a-16-bit CCITT polynomial. All allowed CRC types are described in
Section 4.5.

transmitter bit:
'0'=card response Response content: mirrored command and status infor-
mation-(R1response), OCR register (R3 response) or
RCA(R6), protected by a 7bit CRC checksum end bit:

start bit: e
always0' ’X l f always '1
0

0 CONTENT 1
end bit:

total length=48 bits fmways 1

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)

b7 b0 Start bit Ebr;td
;
3rd Byte pato | O HaKE !’gfge\/ inpye | CRC 1
[67 |6 |bs [b4 b3 [b2 b1 00 | lo7 {b6 [b5 [b4 |3 [ b2 [b1 |00 |
n th Byte Data Packet Format for Standard Bus (only DATO used)
8bit width Data
. Start bit 155;3[1% 2nga?;/te SrSaBthe nchal?;/te E}%‘j\
[SDIO] \’\ T ( )
CMD53 pAT3 | 0 [b7 | b3 JB2B8N| b7 b3 | -+ | b7 [b3 ] cre |1 |
[SD memory] s
CMD17, CMD18,
CMD24, CMD25, pat2 [ o [b6 b2 BB lbe o2 ] --- [vs [v2 [cre [1]

ACMD18, ACMD25,

ete DAT1 |0|p/5/l'b(mjﬂ)5|bll cor [b5 [b2] cre [ 1]
pato |0 [baleo BalJB0 o4 oo | --- o4 Joo][ cre [ 1]

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

Figure 3-9 : Data Packet Format - Usual Data

10



©Copyright 2001-2022 KIOXIA, Panasonic Connect, SanDisk and SD Card Association
Physical Layer Simplified Specification Version 9.00

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

b511 b0
Wide Width
Data \’\ \’\
[SD memory]
ACMD13(3D Status), Data Packet Format for Standard Bus (only DATO_used)

ACMD51(SCR),
etc .
Start bit End bit

R
owrs [ o [ EIETRRBEIERR | IR cwe [ 1]

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.

tesenng
112345678
9 pr
SD Memory
Card

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 microSDCard 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/PP? | Card Detect/ CS 13 Chip Select (neg true)
Data Line [Bit 3]
2 |CMD I/0/PP Command/Response | DI I Data In
3 |VSS1 S Supply veltage 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/O/PP Data Line [Bit 2] RSV

1) S: power supply; I: input; O: 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 Hest shall keep its own DAT1-DAT3 lines in input mode, as well, while they are not used.

3) At power up'this line.has/a 50KOhm pull up enabled in the card. This resistor serves two functions Card detection and
Mode Selection. For Mode Selection, the host can drive the line high or let it be pulled high to select SD mode. If the host
wants to select SPI mode it'should drive the line low. For Card detection, the host detects that the line is pulled high. This
pull-up should-be disconnected by the user, during regular data transfer, with SET_CLR_CARD_DETECT (ACMD42)
command

4) DAT1 line may.-be 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

12



©Copyright 2001-2022 KIOXIA, Panasonic Connect, SanDisk and SD Card Association
Physical Layer Simplified Specification Version 9.00

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 (CMDO) command.

] |

DAT2 CMD CLK  pATO
CD/DAT3 Inméce 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¢P
CSR[31:0] |¢M!

‘_

Power on detection ‘

)
v
’ 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\ dimensions, 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 Tabl