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Foreword

The MultiMediaCard Electrical Specification has been prepared by the MultiMediaCard Association, here-
after referred to as MMCA. The MMCA exists to promote adoption of a global standard for a compact,
robust, affordable storage and retrieval device, the MultiMediaCard. Consumers worldwide will benefit
from this standard, allowing them to carry with them, information and entertainment that fits their needs,
wherever they are, whenever they wish.

JEDEC has taken the basic MMCA specification and adopted it for embedded applications, calling it
“eMMC.” In addition to the packaging differences, eMMC devices use a reduced-voltage interface. These
high-level differences are detailed in the JEDEC JC-64 Top-Level Specification.

The purpose of the specification is the definition of the eMMC, its environment and handling. It provides
guidelines for systems designers. The specification also defines a tool box (a set of macro functions and
algorithms) that contributes to reducing design-in costs.

This standard implements the SPI standard.
This standard submission is intended to entirely supplant previously submitted MMC specifications.

Introduction

The MultiMediaCard is an universal low cost data storage and communication media. It is designed to
cover a wide area of applications as smart phones, cameras, organizers, PDAs, digital recorders, MP3 play-
ers, pagers, electronic toys, etc. Targeted features are high mobility and high performance at a low cost
price. These features include low power consumption and high data throughput at the memory card inter-
face.

MultiMediaCard communication is based on an advanced 13-pin bus. The communication protocol is
defined as a part of this standard and referred to as the MultiMediaCard mode. To ensure compatibility
with existing controllers, the cards may offer, in addition to the MultiMediaCard mode, an alternate com-
munication protocol which is based on the SPI standard.

To provide for the forecasted migration of CMOS power (Vpp) requirements and for compatibility and
integrity of MultiMediaCard systems, two types of MultiMediaCards are defined in this standard specifica-
tion, which differ only in the valid range of system Vpp. These two card types are referred to as High Volt-
age MultiMediaCard and Dual Voltage MultiMediaCard.
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MultiMediaCard (MMC) Electrical Standard, High Capacity

(From JEDEC Board Ballot JCB-07-45, formulated under the cognizance of the JC-64.1 Subcommittee on
Electrical Specifications.)

1 Scope

This document provides a comprehensive definition of the MMC/eMMC Electrical Interface, its environ-
ment, and handling. It also provides design guidelines and defines a tool box of macro functions and algo-
rithms intended to reduce design-in costs.

2 Normative reference

The following normative documents contain provisions that, through reference in this text, constitute pro-
visions of this standard. For dated references, subsequent amendments to, or revisions of, any of these pub-
lications do not apply. However, parties to agreements based on this standard are encouraged to investigate
the possibility of applying the most recent editions of the normative documents indicated below. For
undated references, the latest edition of the normative document referred to applies.

3 Terms and definitions

For the purposes of this publication, the following abbreviations for common terms apply:

Block a number of bytes, basic data transfer unit

Broadcast a command sent to all cards on the MultiMediaCard bus?

CID Card IDentification number register

CLK clock signal

CMD command line or MultiMediaCard bus command (if extended CMDXX)
CRC Cyclic Redundancy Check

CSD Card Specific Data register

DAT data line

DSR Driver Stage Register

eMMC embedded MultiMediaCard

1. Broadcast occurs only in MultiMediaCard systems supporting versions prior to 4.0. In version 4.0 and
later, only one card can be present on the bus.
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Flash a type of multiple time programmable non volatile memory

Group a number of write blocks, composite erase and write protect unit

LOW, HIGH binary interface states with defined assignment to a voltage level

NSAC defines the worst case for the clock rate dependent factor of the data access time

MSB, LSB the Most Significant Bit or Least Significant Bit

OCR Operation Conditions Register

open-drain a logical interface operation mode. An external resistor or current source is used to pull
the interface level to HIGH, the internal transistor pushes it to LOW

payload net data

push-pull a logical interface operation mode, a complementary pair of transistors is used to push
the interface level to HIGH or LOW

RCA Relative Card Address register

ROM Read Only Memory

stuff bit filling O bits to ensure fixed length frames for commands and responses

SPI Serial Peripheral Interface

TAAC defines the time dependent factor of the data access time

three-state driver a driver stage which has three output driver states: HIGH, LOW and high impedance
(which means that the interface does not have any influence on the interface level)

token code word representing a command
Vbp + power supply
Vs power supply ground
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4 General description

The MultiMediaCard is an universal low cost data storage and communication media. It is designed to
cover a wide area of applications as smart phones, cameras, organizers, PDAs, digital recorders, MP3 play-
ers, pagers, electronic toys, etc. Targeted features are high mobility and high performance at a low cost
price. These features include low power consumption and high data throughput at the memory card inter-
face.

The MultiMediaCard communication is based on an advanced 13-pin bus. The communication protocol is
defined as a part of this standard and referred to as the MultiMediaCard mode. To ensure compatibility
with_existing controllers, the cards may offer, in addition to the MultiMediaCard mode, an alternate com-
munication protocol which is based on the SPI standard.

To provide for the forecasted migration of CMOS power (Vpp) requirements and for compatibility and
integrity of MultiMediaCard systems, two types of MultiMediaCards are defined in this standard specifica-
tion, which differ only in the valid range of system Vpp. These two card types are referred to as High Volt-
age MultiMediaCard and Dual Voltage MultiMediaCard.

The purpose of the system specification is the definition of the MultiMediaCard, its environment and han-
dling. It gives guidelines for a system designer. The system specification also defines a tool box (a set of
macro functions and algorithms) which contributes to reducing the design-in costs.

The document is split up into several portions. The MultimediaCard Features are described in Section 5.
Section 6 gives a general overview of the system components: card, bus, and host.

The common MultiMediaCard characteristics are described in Section 7. As this description defines an
overall set of card properties, you should work with the vendor-specific, product documentation in parallel.

Section 8 describes the card registers.
The SPI mode is described in Section 9.
All error protection techniques employed in this standard are described in Section 10.

Section 11 describes the physical and mechanical properties of the cards and the minimal requirements of
the card slots and cartridges.

Section 12 defines the MultiMediaCard bus as a universal communication interface and the electrical
parameters of the interface.

The standard compliance criteria for the cards and hosts are described in Section 13.

For achieving high data interchangeability, three basic file formats are defined in Section 14 as valid file
formats for the MultiMediaCard

A contains additional information that is informative in nature and not considered a constituent part of this
specification. These Application Notes contain useful hints for the circuit and system designers, helping
simplify the design process.

Annex B: lists the major changes between the previous and the current version of this specification.
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NOTE: As used in this document, “shall” or “will” denotes a mandatory provision of the standard.
“Should” denotes a provision that is recommended but not mandatory. “May” denotes a feature whose presence
does not preclude compliance, that may or may not be present at the option of the implementor.
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5 System features

The MultiMediaCard System has a wide variety of system features, whose comprehensive elements serves
several purposes, which include:

- Covering a broad category of applications from smart phones and PDAs to digital recorders
and toys

- Facilitating the work of designers who seek to develop applications with their own advanced
and enhanced features

- Maintaining compatibility and compliance with current electronic, communication, data and
error handling standards.

The following list identifies the main features of the MultiMediaCard System, which:
» Istargeted for portable and stationary applications
* Has these System Voltage (Vpp) Ranges:

Table 1 — MultiMediaCard voltage modes

High Voltage MultiMediaCard Dual Voltage MultiMediaCard
Communication 2.7-3.6 1.70-1.95, 2.7-3.6"
Memory Access 2.7-3.6 1.70-1.95, 2.7-3.6

NOTE 1. VDD range: 1.95V-2.7V is not supported.

* Includes MMCplus and MMCmobile definitions

* Is designed for read-only, read/write and 1/O cards

» Supports card clock frequencies of 0-20 MHz, 0-26 MHz, or 0-52 MHz
* Has a maximum data rate up to 416 Mbits/sec.

* Has a defined minimum performance

* Maintains card support for three different data bus width modes: 1-bit (default), 4-bit
and 8-bit

* Includes definition for higher than 2GB of density of memories
* Includes password protection of data

» Supports basic file formats for high data interchangeability

* Includes application specific commands

* Enables correction of memory field errors

* Has built-in write protection features, which may be permanent or temporary
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* Includes a simple erase mechanism

* Maintains full backward compatibility with previous MultiMediaCard systems (1 bit
data bus, multi-card systems)

» Ensures that new hosts retain full compatibility with previous versions of MultiMedia-
Cards (backward compatibility).

*  Supports two form factors: Normal size(24mm x 32mm x 1.4mm) and Reduced size
(24mm x 18mm x 1.4mm)

*  Supports multiple command sets

* Includes attributes of the available operation modes:

Table 2 — MMC system operational modes

MultiMediaCard Mode SPI Mode

Ten-wire bus (clock, 1 bit command, 8 bit data bus) Three-wire serial data bus (clock, dataln, dataOut) + card
specific CS signal.

Card selection is done through an assigned unique card | Card selection via a hardware CS signal
address to maintain backwards compatibility to prior
versions of the specification

One card per MultiMediaCard bus Card requires a dedicated CS signal.

Easy identification and assignment of session address Not available. Card selection via a hardware CS signal

Error-protected data transfer Optional. A non-protected data transfer mode is avail-
able.

Sequential and Single/Multiple block Read/Write com- | Single/Multiple block Read/Write commands

mands
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6 MultiMediaCard system concept

The main design goal of the MultiMediaCard system is to provide a very low cost mass storage product,
implemented as a ‘card’ with a simple controlling unit, and a compact, easy-to-implement interface. These
requirements lead to a reduction of the functionality of each card to an absolute minimum.

Nevertheless, since the complete MultiMediaCard system has to have the functionality to execute tasks (at
least for the high end applications), such as error correction and standard bus connectivity, the system con-
cept is described next. It is based on modularity and the capability of reusing hardware over a large variety
of cards.

Figure 1 shows four typical architectures of possible MultiMediaCard systems.

Display

PC-peripherals

LCD d - ﬁ: ;
e d | Bus Bridge (e.g. PCI) \
1 ' :
. Audio Car Navigation | 1 . uP
Microcontroller Processor System [ 1 .
I . L
Simple Bus 1 . % WP Bus (e.g. X86)
------I--I- I = s - S .
uP bus 3 .
____________ . e —
: DMA Controller/Bus Bridge
(e.g. PCMCIA)
. 1
Simple bus ]
i L - — & — - — - _I_ _______ _:_____
[ | -
Application Application
Adapter Adapter
Point-to-point link
e \ 2. 2 oy T
MultiMediaCard MultiMediaCard MultiMediaCard
MultivediaCard Bus | O L B
v

Software protocol Point-to-point Simple bus linked system, PC bus linked system,
emulation, linked system, Mid cost solution High cost solution
Lowest cost solution Low cost solution

with reduced data rate

Figure 1 — Topology of MultiMediaCard systems
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Four typical types of MultiMediaCard systems can be derived from the diagram shown in Figure 2. The
typical systems include:

» Software emulation: reduced data rate, typically 100-300 kbit per second, restricted by the host
» Point to point linkage: full data rate (with additional hardware)
» Simple bus: full data rate, part of a set of addressable units

» PC bus: full data rate, addressable, extended functionality, such as DMA capabilities

In the first variant, the MultiMediaCard bus protocol is emulated in software using up to ten port pins of a
microcontroller. This solution requires no additional hardware and is the cheapest system in the list. The
other applications extend the features and requirements, step by step, towards a sophisticated PC solution.
The various systems, although different in their feature set, have a basic common functionality, as can be
seen in Figure 2. This diagram shows a system partitioned into hierarchical layers of abstract (’virtual’)
components. It describes a logical classification of functions which cover a wide variety of implementa-
tions. (See also Figure 1 on page 7.) It does not imply any specific design nor specify rules for implement-
ing parts in hardware or software.
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Figure 2 — MultiMediaCard system overview
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Figure 3 is a specific design example based on the abstract layer model described in Figure 2 on page 9.

Application
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I—Cgmr_no; -y @@ ! Controller
| block MultiMediaCard

| Adapter |

| |

L - — e = = |

- - }[— = = = = = MultiMediaCard
Bus

MultiMediaCard

Figure 3 — MultiMediaCard system example

This MultiMediaCard system contains at least two components:
» The MultiMediaCard
» The MultiMediaCard controller

The MultiMediaCard controller is divided into two major blocks. In some implementations like the exam-
ple shown in Figure 3, the controller may implement the whole application, while in others it may be
divided into several physical components which, apart from the application itself, can be identified as:

1: Application adapter — the application specific block,
for example, a microprocessor or an adapter to a standard bus like USB or ATA
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» Performs application-oriented tasks, e.g., display controlling or input decoding for hand-held applica-
tions

» Typically connected as a bus slave for a standard bus

2: MultiMediaCard adapter — the common block

» Contains all card specific functions, such as initialization and error correction
» Serves as a bus master for the MultiMediaCard bus

» Implements the standard interface to the card.

6.1 Higher than a density of 2GB

The maximum density possible to be implemented according to the versions up to v4.1 of this specification
was limited in practise to 2GB. This was due to the following reasons:

» Existed 32bit byte-address argument in the command frame (max 4GB could be addressed)
» Existed formula according to which to calculate the density of a card (max 4GB could be indicated)
» Capability of the FAT16 File System to address up to 2GB of address space per one partition

The lowest common nominator, 2GB in this case, will set the limit. The implementation of a higher than
2GB of density of memory will not be backwards compatible with the lower densities. First of all the
address argument for higher than 2GB of density of memory is changed to be sector address (512B sectors)
instead of byte address. Secondly the density of the card is read from the EXT_CSD register instead of
CSD register. And finally the system implementation needs to include a File System capable of handling
sector type of addresses.

6.2 MMCplus and MMCmobile

The specification further defines two card types, MMCplus and MMCmobile, to describe R/W or ROM
cards with specifically defined mandatory features and attributes. Only cards meeting MMCplus or MMC-
mobile requirements are eligible to carry the MMCplus or MMCmobile name and logo.

*  MMCplus is defined as normal size R/W or ROM cards that supports 2.7-3.6V operation, x1/x4/x8 bus
widths, minimum of 2.4MB/s read/write performance and 26MHz (52MHz optional)

*  MMCmobile is defined as reduced size R/W or ROM card that supports 1.70-1.95V and 2.7-3.6V oper-
ations, x1/x4/x8 bus widths, minimum of 2.4MB/s read/write performance and 26 MHz (52MHz
optional)

Both implementations are backwards compatible with MMCA System Specification versions 3.xx in max
20MHz clock frequency mode.

6.3 Card Concept

The MultiMediaCard transfers data via a configurable number of data bus signals. The communication sig-
nals are:

» CLK: Each cycle of this signal directs a one bit transfer on the command and on all the data lines. The
frequency may vary between zero and the maximum clock frequency.
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e CMD: This signal is a bidirectional command channel used for card initialization and transfer of com-
mands. The CMD signal has two operation modes: open-drain for initialization mode, and push-pull for
fast command transfer. Commands are sent from the MultiMediaCard bus master to the card and
responses are sent from the card to the host.

» DATO-DATTY: These are bidirectional data channels. The DAT signals operate in push-pull mode. Only
the card or the host is driving these signals at a time. By default, after power up or reset, only DATO is
used for data transfer. A wider data bus can be configured for data transfer, using either DAT0-DAT3 or
DATO-DAT7, by the MultiMediaCard controller. The MultiMediaCard includes internal pull ups for
data lines DAT1-DAT7. Right after entering to the 4bit mode the card disconnects the internal pull ups
of lines DAT1 and DAT2 (DAT3 internal pull up is left connected due to the SPI mode CS usage). Cor-
respondingly right after entering to the 8bit mode the card disconnects the internal pull ups of lines
DAT1, DAT2 and DAT4-DATT.

» MultiMediaCards can be grouped into several card classes which differ in the functions they provide
(given by the subset of MultiMediaCard system commands):

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

» 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
recording of video, audio or digital images.

» 1/O cards. These cards are intended for communication (e.g. modems) and typically will have an addi-
tional interface link.

The card is connected directly to the signals of the MultiMediaCard bus. The following table defines the
card contacts:

Table 3 — MultiMediaCard interface pin configuration

Name?! Type? Description

DAT3 1/0/PP Data

CMD 1/0/PP/OD Command/Response

Vss1 S Supply voltage ground

Vbp S Supply voltage

CLK I Clock

Vsso S Supply voltage ground

DAT0? 1/0/PP Data

DAT1 1/0/PP Data

DAT2 1/0/PP Data

DAT4 1/0/PP Data

DAT5 1/0/PP Data

DAT6 1/0/PP Data

DAT7 1/0/PP Data
NOTE 1. See Table 55 on page 86, for a combined table including SPI pin definitions.
NOTE 2. S: power supply; I: input; O: output; PP: push-pull; OD: open-drain; NC: Not connected (or logical high).
NOTE 3. The DATO0-DAT?7 lines for read-only cards are output only
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The card initialization uses only the CMD channel and is, therefore, compatible for all cards.

Each card has a set of information registers (see also: Section 8 starting on page 73):

Table 4 — MultiMediaCard registers

Width o .
Name (bytes) Description Implementation
CID 16 Card IDentification number, a card individual number for identification. | Mandatory
RCA 2 Relative Card Address, is the card system address, dynamically assigned | Mandatory
by the host during initialization.
DSR 2 Driver Stage Register, to configure the card’s output drivers. Optional
CsSD 16 Card Specific Data, information about the card operation conditions. Mandatory
OCR 4 Operation Conditions Register. Used by a special broadcast command to | Mandatory
identify the voltage type of the card.
EXT_CSD 512 Extended Card Specific Data. Contains information about the card capa- | Mandatory
bilities and selected modes. Introduced in specification v4.0

The host may reset the card by switching the power supply off and back on. The card shall have its own
power-on detection circuitry which puts the card into a defined state after the power-on. No explicit reset
signal is necessary. The card can also be reset by a special command.

1
A A A A A A
y
v Yy t
CMD CLK DAT
H—P Card -
— R :
controller 3
[}
[ Je» :
,—‘4_’ reset [ — §
)
& £
o
| Memory core interface reset }4——&

v

Memory Core

Figure 4 — MultiMediaCard architecture
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6.3.1 Form factors

See Section 8 starting on page 73 for form factor details.

6.4 Bus concept

The MultiMediaCard bus is designed to connect either solid-state mass-storage memory or I/O-devices in
a card format to multimedia applications. The bus implementation allows the coverage of application
fields from low-cost systems to systems with a fast data transfer rate. It is a single master bus with a single
slave. The MultiMediaCard bus master is the bus controller and the slave is either a single mass storage
card (with possibly different technologies such as ROM, OTP, Flash etc.) or an 1/0O-card with its own con-
trolling unit (on card) to perform the data transfer.

Power MultiMediaCard
Supply [~~®  Bus Master
] :: MultiMediaCard bus

A
N
Card

(Flash)
(OTP)

(MTP)
(ROM)

Figure 5 — MultiMediaCard bus system
The MultiMediaCard bus also includes power connections to supply the cards.

The bus communication uses a special protocol (MultiMediaCard bus protocol). The payload data transfer
between the host and the card can be bidirectional.

6.4.1 Bus lines

The bus lines can be divided into three groups:

» Power supply: Vgg; and Vgsp,Vpp—used to supply the cards.
» Data transfer: CMD, DATO0-DAT7—used for bidirectional communication.
* Clock: CLK - used to synchronize data transfer across the bus.

The bus line definitions and the corresponding pad numbers are described in Section 6.3.

6.4.2 Bus protocol

After a power-on reset, the host must initialize the card by a special message-based MultiMediaCard bus
protocol. Each message is represented by one of the following tokens:
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» command: a command is a token which starts an operation. A command is sent from the host to a card.
A command is transferred serially on the CMD line.

* response: a response is a token which is sent from the card 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. The number of data lines used for the data transfer can be 1(DATO), 4(DAT0-DAT3) or 8(DATO0-
DAT7).

Card addressing is implemented using a session address, assigned during the initialization phase, by the
bus controller to the connected card. A card is identified by its CID number. This method requires the card
to have an unique CID number. To ensure uniqueness of CIDs the CID register contains 24 bits (MID and
OID fields—see Section 8 starting on page 73) which are defined by the MMCA. Every card manufacturer
is required to apply for an unique MID (and optionally, an OID) number.

The structure of commands, responses and data blocks is described in Section 7 starting on page 23.

MultiMediaCard bus data transfers are composed of these tokens. One data transfer is a bus operation.
There are different types of operations. Addressed operations always contain a command and a response
token. In addition, some operations have a data token, the others transfer their information directly within
the command or response structure. In this case no data token is present in an operation. The bits on the
DATO0-DAT7 and CMD lines are transferred synchronous to the host clock.

Two types of data transfer commands are defined:

«  Sequential commands?: These commands initiate a continuous data stream, they are terminated only
when a stop command follows on the CMD line. This mode reduces the command overhead to an abso-
lute minimum.

» Block-oriented commands: These commands send a data block succeeded by CRC bits. Both read and
write operations allow either single or multiple block transmission. A multiple block transmission is
terminated when a stop command follows on the CMD line similarly to the sequential read.

from from data from card stop command

host card to host stops data transfer
to card to host
CMD - -+ command |- | response |[-----f----------------- command |-| response
DATO- - - ------emm oo datastream [t -
data transfer operation < data stop operation
€ L 2o T

Figure 6 — Sequential read operation

2. Sequential commands are supported only in 1 bit bus mode, to maintain compatibility with previous ver-
sions of this specification
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from from data from card Stopdcommant:

host card to host stops data transfer

to card f to host
CMD --1 command || response |~~~ " "[ """ "" T oot command |-| response
DATO-7--------------- data block |crc|| -| datablock|crc|- -| data block |cre|---------.

block read operation < _data stop operation
<« multiple block read operation R

Figure 7 — Multiple block read operation

from from data from host stop command busy from
host card to card stops data transfer card
to card(s) f to host to host
CMD - -+ command [ | response |~~~ """ """ command || response |~ °
DATO- - - ---------- - - data stream busy - ---
< data transfer operation e data stop operation

Figure 8 — Sequential write operation

The block write operation uses a simple busy signalling of the write operation duration on the data (DATO0)
line. (See Figure 9.)

from from data from busy from stop command
host card host card stops data transfer
to card f to host to card to host
CMD - -1 command |-{ response |-----[---------- S command |- response
DATO- - - - - - oo oo e oo data block |crc| - | busy |-} { data block |crc}{ busy {|- - - --
I
DATL-7 |- - - - e e e e oo data block |crct - { xxxx |} { data block |crc| - XXxx {|- - - - -
< block write operation N L data stop opergtion
< multiple block write operation »

Figure 9 — Multiple block write operation
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fr:om from from

ost host card

to card(s) to card K to host

CMD- -1 command |[----------------- command |-{ response |--------ccccco------

DA O A T T e
operation (no response) operation (no data) »

Figure 10 — “No response” and “no data” operations

Command tokens have the following coding scheme:

Transmitter bit:

"1’= host command Command content: command and address information or pa-
rameter, protected by 7 bit CRC checksum
. End bit:
Start bit: 1
always’0’ \ i l falways 1

0|1 Content CRC 1

total length=48 bits

A

Figure 11 — 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 five coding schemes depending on their content. The token length is either 48 or 136
bits. The detailed commands and response definitions are shown in Section 7.13 on page 64 and Section
7.13 on page 64.

Due to the fact that there is no predefined end in sequential data transfer, no CRC protection is included in
this case. The CRC protection algorithm for block data is a 16 bit CCITT polynomial. All CRC types used
are described in Section 10 starting on page 121.
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Transmitter bit:
’0’= card response Response content: mirrored command and status information
(R1 response), OCR register (R3 response)
or RCA (R4 and R5), protected by a 7bit CRC checksum End bit:
Start bit: alwa s.‘l’
always’0’ N i L f Y
R1, R3,
R4, R5 0|0 CONTENT CRC 1
total length=48 bits End bit:
< > f always ‘1’
R2 0o CONTENT = CID or CSD CRC |1
total length=136 bits
< >
Figure 12 — Response token format
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End bit, always ‘1’
sent when transfer is
interrupted by a CMD

Start bit: LSByte MSByte
Sequential Data 2lways’0’ \ 4 >
DATO 0 |[b7|be b1 | b0 b7|b6| .. |b1|bo| 1
Start bit: LSByte MSByte
Block Data always’0” \
DATO 0 |b7|b6 b1 | b0 b7 | b6 b1|bo|CRC| 1
block length * 8
<
4 Bits bus (DAT3-DATO used): LSByte (High nibble) MSByte (Low nibble)
DAT3 0 b7 b3 b7 b3 |[CRC| 1
DAT2 0 b6 b2 b6 b2 |CRC| 1
DAT1 0 b5 bl b5 b1 |CRC| 1
DATO 0 b4 b0 b4 bo |[CRC| 1
block length * 2
<
8 Bits bus (DAT7-DATO used): LSByte MSByte
DAT7 0 b7 b7 b7 |CRC| 1
DAT6 0 b6 b6 be |CRC| 1
DAT5 0 b5 b5 bs |[CRC| 1
DAT4 0 b4 b4 ba |CRC| 1
DAT3 0 b3 b3 b3 |CRC| 1
DAT2 0 b2 b2 b2 |[CRC| 1
DAT1 0 bl b1 b1 |CRC| 1
DATO 0 b0 b0 o |[CRC| 1
block length
<
Figure 13 — Data packet format
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6.5 Controller concept

The MultiMediaCard is defined as a low cost mass storage product. The shared functions have to be imple-
mented in the MultiMediaCard system. The unit which contains these functions is called the MultiMedi-
aCard controller. The following points are basic requirements for the controller:

» Protocol translation from standard MultiMediaCard bus to application bus
» Data buffering to enable minimal data access latency
» Macros for common complex command sequences

The MultiMediaCard controller is the link between the application and the MultiMediaCard bus with its
card. It translates the protocol of the standard MultiMediaCard bus to the application bus. It is divided into
two major parts:

» The application adapter: the application oriented part
* The MultiMediaCard adapter: the MultiMediaCard oriented part

MultiMediaCard

Controller
,Ib\?plfication CMD
nterface ¢ ’
< > | Application ﬁf:ﬁzfge MultiMediaCard | CLK
Adapter P > Adapter DAT[7:0]
< «—>

MultiMediaCard Bus

Figure 14 — MultiMediaCard controller scheme

The application adapter consists at least of a bus slave and a bridge into the MultiMediaCard system. It can
be extended to become a master on the application bus and support functions like DMA or serve applica-
tion specific needs. Higher integration will combine the MultiMediaCard controller with the application.

Independently of the type and requirements of the application the MultiMediaCard bus requires a host.
This host may be the MultiMediaCard adapter. On the MultiMediaCard bus side it is the only bus master
and controls all activity on that bus. On the other side, it is a slave to the application adapter or to the appli-
cation, respectively. No application specific functions shall be supported here, except for those that are
common to most MultiMediaCard systems. It supports all MultiMediaCard bus commands and provides
additionally a set of macro commands. The adapter includes error correction capability for non error-free
cards. The error correction codes used are defined in Section 10.1 on page 121.

Because the application specific needs and the chosen application interface are out of the scope of this
specification, the MultiMediaCard controller defines an internal adapter interface. The two parts communi-
cate across this interface. The adapter interface is directly accessible in low cost (point to point link) sys-
tems where the MultiMediaCard controller is reduced to an MultiMediaCard adapter.
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6.5.1 Application adapter requirements

The application adapter enhances the MultiMediaCard system in the way that it becomes plug&play in
every standard bus environment. Each environment will need its unique application adapter. For some bus
systems standard, off the shelf, application adapters exist and can interface with the MultiMediaCard
adapter. To reduce the bill of material it is recommended to integrate an existing application adapter with
the MultiMediaCard adapter module, to form a MultiMediaCard controller.

The application adapter extension is a functional enhancement of the application adapter from a bus slave
to a bus master on the standard application bus. For instance, an extended application adapter can be trig-
gered to perform bidirectional DMA transfers.

6.5.2 MultiMediaCard adapter architecture

The architecture and the functional units described below are not implementation requirements, but gen-
eral recommendations on the implementation of a MultiMediaCard adapter. The adapter is divided into
two major parts:

» The controller: macro unit and power management

» The data path: Adapter interface, ECC unit, read cache, write buffer, CRC unit and MultiMediaCard
bus interface.

MultiMediaCard Adaptor
‘ macro command unit ‘ ‘ power management
2 control signals 2 ;
|
| _ | _ controller | | b
I datapath :
A
v
® CRC Start/ -
2 end bit > e
s || % §
— - P < @
= £ f r Par. A ’ o
= < 5 Ser. |« > >S @
— (<) | 2
e =4 read cache =
< I > E
2 2 | Par. =
A I —
- Ser. |y L
ECC write buffer
MultiMediaCard bus interface

Figure 15 — MultiMediaCard adaptor architecture

The data path units should be implemented in hardware to guarantee the full capabilities of the MultiMedi-
aCard system. The controller part of the adapter can be implemented in hardware or software depending on
the application architecture.

The width of the data path should be a byte; the units which are handling data should work on bytes or
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blocks of bytes. This requirement is derived from the MultiMediaCard bus protocol, which is organized in
data blocks. Blocks are multiples of bytes. Thus, the smallest unit of a data access or control unit is a byte.

Commands for the MultiMediaCard bus follow a strict protocol. Each command is encapsulated in a syn-
tactical frame. Each frame contains some special control information like start/end bits and CRC protec-
tion. Some commands include stuffing bits to enable simple interpreters to use a fixed frame length. This
transport management information should be generated in the MultiMediaCard adapter. These functions
are combined in the MultiMediaCard bus interface of the adapter.

The response delays of the MultiMediaCard system may vary; they depend on the type of cards. So the
adapter interface must handle asynchronous mode via handshake signals(STB,ACK) or the host has to poll
the state (busy/not busy) if no handshake signals are required (synchronous mode). This interface may be a
general unit supporting most application protocols or can be tailored to one application.

It is recommended to equip the MultiMediaCard adapter with data buffers for write and read operation. It
will, in most cases, improve the system level performance on the application side.The MultiMediaCard bus
transports its data with a data rate up to 416 Mbit/sec. This may be slower than a typical applications CPU
bus. Enabling the CPU to off load the data to the buffers will free up CPU time for system level tasks,
while the MultiMediaCard adapter handles the data transfer to the card.

The access time for random access read operations from a card may be improved by caching a block of
data in the read cache. After reading a complete block into the MultiMediaCard adapter cache, repeated
accesses to that block can be done very fast. Especially read-modify-write operations can be executed in a
very efficient way on a block buffer with the help of the SRAM swapper.
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7 MultiMediaCard functional description

In the following sections, the different card operation modes are described first. Thereafter, the restrictions
for controlling the clock signal are defined. All MultiMediaCard commands together with the correspond-
ing responses, state transitions, error conditions and timings are presented in the succeeding sections.

7.1 General

All communication between host and card 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 in a MultiMediaCard system3. Some of these commands
require a response.

» Addressed (point-to-point) commands

The addressed commands are sent to the addressed card and cause a response from this card.

A general overview of the command flow is shown in Figure 1 on page 25 for the card identification mode
and in Figure 3 on page 29 for the data transfer mode. The commands are listed in the command tables
(Table 9 to Table 17). The dependencies between current state, received command and following state are
listed in Table 18. Three operation modes are defined for the MultiMediaCard system (hosts and cards):

» Card identification mode

The host will be in card identification mode after reset, while it is looking for a card on the bus. The
card will be in this mode after reset, until the SET_RCA command (CMD3) is received.

e Interrupt mode

Host and card enter and exit interrupt mode simultaneously. In interrupt mode there is no data transfer.
The only message allowed is an interrupt service request from the card or the host.

e Data transfer mode

The card will enter data transfer mode once an RCA is assigned to it. The host will enter data transfer
mode after identifying the card on the bus.

The following table shows the dependencies between bus modes, operation modes and card states. Each
state in the MultiMediaCard state diagram (see Figure land Figure 3) is associated with one bus mode and
one operation mode:

Table 1 — Bus modes overview

Card state Operation mode Bus mode
Inactive State Inactive Open-drain
Idle State Card identification mode

Ready State

Identification State

3. Broadcast commands are kept for backward compatibility with previous MultiMediaCard systems, where
more than one card was allowed on the bus.
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Table 1 — Bus modes overview (continued)

Card state Operation mode Bus mode
Stand-by State
Transfer State
Bus-Test State

Data transfer mode Push-pull
Sending-data State
Receive-data State
Programming State
Disconnect State
Wait-IRQ State Interrupt mode Open-drain

7.2 Card identification mode

While in card identification mode the host resets the card, validates operation voltage range and access
mode, identifies the card and assigns a Relative Card Address (RCA) to the card on the bus. All data com-
munication in the Card Identification Mode uses the command line (CMD) only.

7.2.1 Card reset

After power-on by the host, the cards (even if it has been in Inactive State) is in MultiMediaCard mode (as
opposed to SPI mode) and in Idle State.

Command GO_IDLE_STATE (CMDQO) is the software reset command and puts the card into Idle State. It
is also used to switch the card into SPI mode. Refer to Section 9 for details.

After power-on, or CMDO, the cards’ output bus drivers are in high-impedance state and the card is initial-
ized with a default relative card address (,,0x0001“) and with a default driver stage register setting, as
shown in Section 8.6 on page 91. The host clocks the bus at the identification clock rate fop as described
in Section 9.10 on page 120.

CMDO is valid in all states, with the exception of Inactive State. While in Inactive state the card does not
accept CMDO, unless it is used to switch the card into SPI mode.

7.2.2 Operating voltage range validation

Each type of MultiMediaCard (either High voltage or Dual Voltage) shall be able to establish communica-
tion with the host, as well as perform the actual card function (e.g. accessing memory), using any operating
voltage within the voltage range specified in this standard, for the given card type. (See Section 12.5 on
page 133.)

The SEND_OP_COND (CMD1) command is designed to provide MultiMediaCard hosts with a mecha-
nism to identify and reject cards which do not match the Vpp range desired by the host. This is accom-
plished by the host sending the required Vpp voltage window as the operand of this command. (See
Section 8.1 on page 73.) If the card can not perform data transfer in the specified range it must discard
itself from further bus operations and go into Inactive State. Otherwise, the card shall respond sending back
its Vpp range. For this, the levels in the OCR register shall be defined accordingly similarly described in
Section 8.1 on page 73.
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Power on

Idle State
(idle)

card is busy or ~ v Inactive
host omitted voltage range )
) g CMD1 \ CMIilS

non-compatible voltage range cards, or
v if host cannot use Sector Access Mode

from all states except (ina)

Ready State in cards > 2GB
card looses bus (ready)
v
CMD2

card wins bus

A 4
Identification
State (ident)

A 4
Stand-by State
(stby)

data-transfer mode from all states in
data-transfer-mode

Wait-l_R% State
(irq

‘ Any start bit detected on the bus

I
Interrupt mode ¢——9 data-transfer mode

Figure 1 — MultiMediaCard state diagram (card identification mode)

By omitting the voltage range in the command (by setting the argument of CMD1 to 0), the host can query
the card and determine the voltage type of the card. This bus query should be used if the host is able to
select a common voltage range, or if a notification to the application of a non usable card in the bus is
desired. Afterwards, the host must choose a voltage for operation, and reissue CMD1 with this condition,
sending incompatible cards into the Inactive State.

If the host intends to operate the Dual Voltage MultiMediaCards in the 1.70V to 1.95V range, it is recom-
mended that the host first validate the operating voltage in the 2.7V to 3.6V range, then power the card
down fully, and finally power the card back up to the 1.70V to 1.95V range for operation. Using the 2.7V
to 3.6V range initially, which is common to High and Dual voltage MultiMediaCards, will allow reliable
screening of host & card voltage incompatibilities. High voltage cards may not function properly if VDD <
2.0V is used to establish communication. Dual voltage cards may fail if 1.95 to 2.7V is used.
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7.2.3 Access mode validation (higher than 2GB densities)

The SEND_OP_COND (CMD1) command and the OCR register are also including two bits for the indica-
tion of the supported access mode of the memory. The specifically set bits in the CMD1 command argu-
ment are indicating to a memory that the host is capable of handling sector type of addressing. The
correspondingly set bits in the OCR register are indicating that the card is requiring usage of sector type of
addressing. These specific bits of the OCR register are valid only in the last response from the card for
CMD1 (card entering Ready state). This kind of two way handshaking is needed so that

« If there is no indication by a host to a memory that the host is capable of handling sector type of address-
ing the higher than 2GB of density of memory will change its state to Inactive (similarly to a situation in
which there is no common voltage range to work with)

» From the indication of the sector type of addressing requirement in the OCR register the host is able to
separate the card from the byte access mode cards and prepare itself

It needs to be taken into account that in a multi card system a byte access mode card (<=2GB) is blocking
the OCR response in such way that a sector access mode card (>2GB) is not necessarily recognized as a
sector access mode card during the initialization. Thus this needs to be reconfirmed by reading the
SEC_COUNT information from the EXT_CSD register.

7.2.4 From busy to ready

The busy bit in the CMDL1 response can be used by a card to tell the host that it is still working on its
power-up/reset procedure (e.g. downloading the register information from memory field) and is not ready
yet for communication. In this case the host must repeat CMD1 until the busy bit is cleared.

During the initialization procedure, the host is not allowed to change the operating voltage range or access
mode setting. Such changes shall be ignored by the card. If there is a real change in the operating condi-
tions, the host must reset the card (using CMDO) and restart the initialization procedure. However, for
accessing cards already in Inactive State, a hard reset must be done by switching the power supply off and
back on.

The command GO_INACTIVE_STATE (CMD15) can be used to send an addressed card into the Inactive
State. This command is used when the host explicitly wants to deactivate a card (e.g. host is changing Vpp
into a range which is known to be not supported by this card).

The command CMD1 shall be implemented by all cards defined by this standard.

7.2.5 Card identification process

The following explanation refers to a card working in a multi-card environment, as defined in versions of
this standard previous to v4.0, and it is maintained for backwards compatibility to those systems.

The host starts the card identification process in open-drain mode with the identification clock rate fop
(See Section 9.10 on page 120.) The open drain driver stages on the CMD line allow parallel card opera-
tion during card identification.

After the bus is activated, the host will request the cards to send its valid operation conditions (CMD1).
The response to CMDL1 is the “‘wired and’ operation on the condition restrictions of all cards in the system.
Incompatible cards are sent into Inactive State. The host then issues the broadcast command
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ALL_SEND_CID (CMD2), asking all cards for its unique card identification (CID) number. All unidenti-
fied cards (i.e., those which are in Ready State) simultaneously start sending their CID numbers serially,
while bit-wise monitoring their outgoing bitstream. Those cards, whose outgoing CID bits do not match
the corresponding bits on the command line in any one of the bit periods, stop sending their CID immedi-
ately and must wait for the next identification cycle (remaining in the Ready State). Since CID numbers are
unique for each card, there should be only one card which successfully sends its full CID-number to the
host. This card then goes into Identification State. Thereafter, the host issues CMD3
(SET_RELATIVE_ADDR) to assign to this card a relative card address (RCA), which is shorter than CID
and which will be used to address the card in the future data transfer mode (typically with a higher clock
rate than fop). Once the RCA is received the card state changes to the Stand-by State, and the card does not
react to further identification cycles. Furthermore, the card switches its output drivers from open-drain to
push-pull.

The host repeats the identification process, i.e., the cycles with CMD2 and CMD3, as long as it receives a
response (CID) to its identification command (CMD?2). If no more cards responds to this command, all
cards have been identified. The time-out condition to recognize completion of the identification process is
the absence of a start bit for more than N, clock cycles after sending CMD2. (See timing values in Section
7.13 on page 64.)

7.3 Interrupt mode

The interrupt mode on the MultiMediaCard system enables the master (MultiMediaCard host) to grant the
transmission allowance to the slaves (card) simultaneously. This mode reduces the polling load for the host
and hence, the power consumption of the system, while maintaining adequate responsiveness of the host to
a card request for service. Supporting MultiMediaCard interrupt mode is an option, both for the host and
the card.

The system behavior during the interrupt mode is described in the state diagram in Figure 2.

» The host must ensure that the card is in Stand-by State before issuing the GO_IRQ_STATE (CMDA40)
command. While waiting for an interrupt response from the card, the host must keep the clock signal
active. Clock rate may be changed according to the required response time.

» The host sets the card into interrupt mode using GO_IRQ_STATE (CMD40) command.

» A card in Wait-IRQ-State is waiting for an internal interrupt trigger event. Once the event occurs, the
card starts to send its response to the host. This response is sent in the open-drain mode.

» While waiting for the internal interrupt event, the card is also waiting for a start bit on the command
line. Upon detection of a start bit, the card will abort interrupt mode and switch to the stand-by state.

» Regardless of winning or losing bus control during CMD40 response, the cards switches to stand-by
state (as opposed to CMD2).

» After the interrupt response was received by the host, the host returns to the standard data communica-
tion procedure.
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card identification mode \ CMD3 \ |CMD15 \ \CMDO\

data transfer mode from all states in

data-transfer-mode

No IRQ from this card, start bit
CMD13 Q
detected on bus.
no state transition
in data-transfer-mode

A 4
Stand-by State
(stby)

Wait-1RQ State
(irg)

y
| Card IRQ event occurred, send response

IRQ from this card.

If host sends simultaneously it looses
already after second bit of response.

Data transfer mode 4—|—> Interrupt mode

|
Figure 2 — MultiMediaCard state transition diagram, interrupt mode

» If the host wants to terminate the interrupt mode before an interrupt response is received, it can gener-
ate the CMDA40 response by himself (with card bit = 0) using the reserved RCA address 0x0000; This
will bring the card from Wait-1RQ-State back into the Stand-by-State. Now the host can resume the
standard communication procedure.

7.4 Data transfer mode

When the card is in Stand-by State, communication over the CMD and DAT lines will be performed in
push-pull mode. Until the contents of the CSD register is known by the host, the fpp clock rate must remain
at fop. (See Section 9.10 on page 120.) The host issues SEND_CSD (CMD?9) to obtain the Card Specific
Data (CSD register), e.g., block length, card storage capacity, maximum clock rate, etc.
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25 State (rcv)
CMD7 T

Disconnect Programming lCMD12 or
State (dis)
CMD7

State (prg) Ltransfer end“
Figure 3 — MultiMediaCard state diagram (data transfer mode)

Bus test
State (btst)

Note: The busy (DatO=low) is always active during the prg-state. Due to legacy reasons, a card may still
treat CMD24/25 during prg-state (while busy is active) as a legal or illegal command. A host should not
send CMD24/25 while the card in the prg-state and busy is active.

The broadcast command SET_DSR (CMDA4) configures the driver stages of the card. It programs its DSR
register corresponding to the application bus layout (length) and the data transfer frequency. The clock rate
is also switched from fqp to fpp at that point.

While the card is in Stand-by State, CMD?7 is used to select the card and put it into the Transfer State by
including card’s relative address in the argument. If the card was previously selected and was in Transfer
State its connection with the host is released and it will move back to the Stand-by State when deselected
by CMD?7 with any address in the argument that is not equal to card’s own relative address. When CMD7
is issued with the reserved relative card address “0x0000”, the card is put back to Stand-by State. Reception
of CMD7 with card’s own relative address while the card is in Transfer State is ignored by the card and
may be treated as an lllegal Command. After the card is assigned an RCA it will not respond to identifica-
tion commands — CMD1, CMD2, or CMD3. (See Section 7.2.5 on page 26).
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While the card is in Disconnect State, CMD?7 is used to select the card and put it into the Programming
State by including card’s relative address in the argument. If the card was previously selected and was in
Programming State its connection with the host is released and it will move back to the Disconnect State
when deselected by CMD7 with any address in the argument that is not equal to card’s own relative
address. Reception of CMD7 with card’s own relative address while the card is in Programming State is
ignored by the card and may be treated as an Illegal Command.

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 (see Figure 3):

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: stream read
(CMD11), block read (CMD17), multiple block read (CMD18) and send write protect (CMD30).

All data write commands can be aborted any time by the stop command (CMD12). The write com-
mands must be stopped prior to deselecting the card by CMD?7. The write commands are: stream write
(CMD20), block write (CMD24 and CMD25), write CID (CMD26), and write CSD (CMD27).

If a stream write operation is stopped prior to reaching the block boundary and partial blocks are
allowed (as defined in the CSD), the part of the last block will be packed as a partial block and pro-
grammed. If partial blocks are not allowed the data will be discarded.

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.

If data transfer in stream write mode is stopped, not byte aligned, the bits of the incomplete byte are
ignored and not programmed.

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

There is no buffering option for write CSD, write CID, 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.

Parameter set commands are not allowed while card is programming.
Parameter set commands are: set block length (CMD16), and erase group selection (CMD35-36).

Read commands are not allowed while card is programming.

Moving another card from Stand-by to Transfer State (using CMD7) will not terminate a programming
operation. The card will switch to the Disconnect State and will release the DATO 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 CMDO0 or CMD15) will terminate any pending or active programming opera-
tion. This may destroy the data contents on the card. It is up to the host’s responsibility to prevent this.

Prior to executing the bus testing procedure (CMD19, CMD14), it is recommended to set up the clock
frequency used for data transfer. This way the bus test gives a true result, which might not be the case if
the bus testing procedure is performed with lower clock frequency than the data transfer frequency.
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In the following format definitions, all upper case flags and parameters are defined in the CSD (Section 8.3

on page 75), and the other status flags in the Card Status (Section 7.11 on page 58).

7.4.1 Command sets and extended settings

The card operates in a given command set, by default, after a power cycle or reset by CMDQO, it is the Mul-
tiMediaCard standard command set, using a single data line, DATO. The host can change the active com-
mand set by issuing the SWITCH command (CMD6) with the ‘Command Set” access mode selected.

The supported command sets, as well as the currently selected command set, are defined in the EXT_CSD
register. The EXT_CSD register is divided in two segments, a Properties segment and a Modes segment.
The Properties segment contains information about the card capabilities. The Modes segment reflects the
current selected modes of the card.

The host reads the EXT_CSD register by issuing the SEND_EXT_CSD command. The card sends the
EXT_CSD register as a block of data, 512 bytes long. Any reserved, or write only field, reads as ‘0’.

The host can write the Modes segment of the EXT_CSD register by issuing a SWITCH command and set-
ting one of the access modes. All three modes access and modify one of the EXT_CSD bytes, the byte
pointed by the Index field?.

Table 2 — EXT_CSD access mode

Access Bits | Access Name Operation

00 Command Set | The command set is changed according to the Cmd Set field of the argument

01 Set Bits The bits in the pointed byte are set, according to the “1” bits in the Value field.

10 Clear Bits The bits in the pointed byte are cleared, according to the ‘1’ bits in the Value field.
11 Write Byte The Value field is written into the pointed byte.

The SWITCH command can be used either to write the EXT_CSD register or to change the command set.
If the SWITCH command is used to change the command set, the Index and Value field are ignored, and
the EXT_CSD is not written. If the SWITCH command is used to write the EXT_CSD register, the Cmd
Set field is ignored, and the command set remains unchanged.

The SWITCH command response is of type R1b, therefore, the host should read the card status, using
SEND_STATUS command, after the busy signal is de-asserted, to check the result of the SWITCH opera-
tion.

7.4.2 High speed mode selection

After the host verifies that the card complies with version 4.0, or higher, of this standard, it has to enable
the high speed mode timing in the card, before changing the clock frequency to a frequency higher than
20MHz.

After power-on, or software reset, the interface timing of the card is set as specified in Table 76 on page
137, in Section 12. For the host to change to a higher clock frequency, it has to enable the high speed inter-
face timing. The host uses the SWITCH command to write 0x01 to the HS_TIMING byte, in the Modes
segment of the EXT_CSD register.

4. The Index field can contain any value from 0-255, but only values 0-191 are valid values. If the Index value
is inthe 192-255 range the card does not perform any modification and the SWITCH_ERROR status bit is set.
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The valid values for this register are defined in Section "HS_TIMING on page™ 90. If the host tries to write
an invalid value, the HS_TIMING byte is not changed, the high speed interface timing is not enabled, and
the SWITCH_ERROR bit is set.

7.4.3 Power class selection

After the host verifies that the card complies with version 4.0, or higher, of this standard, it may change the
power class of the card.

After power-on, or software reset, the card power class is class 0, which is the default, minimum current
consumption class for the card type, either High Voltage or Dual voltage card. The PWR_CL_ff_vvv bytes,
in the EXT_CSD register, reflect the power consumption levels of the card, for a 4 bits bus, an 8 bit bus, at
the supported clock frequencies (26MHZ or 52MHz).

The host reads this information, using the SEND_EXT_CSD command, and determines if it will allow the
card to use a higher power class. If a power class change is needed, the host uses the SWITCH command to
write the POWER_CLASS byte, in the Modes segment of the EXT_CSD register.

The valid values for this register are defined in Section "PWR_CL_ff_vvv on page™ 87. If the host tries to
write an invalid value, the POWER_CLASS byte is not changed and the SWITCH_ERROR bit is set.

7.4.4 Bus testing procedure

By issuing commands CMD19 and CMD14 the host can detect the functional pins on the bus. In a first
step, the host sends CMD19 to the card, followed by a specific data pattern on each selected data lines. The
data pattern to be sent per data line is defined in the table below. As a second step, the host sends CMD14
to request the card to send back the reversed data pattern. With the data pattern sent by the host and with
the reversed pattern sent back by the card, the functional pins on the bus can be detected.

Table 3 — Bus testing pattern

Start Bit Data Pattern End bit

0 TOXXXX...XX 1

The card ignores all but the two first bits of the data pattern. Therefore, the card buffer size is not limiting
the maximum length of the data pattern. The minimum length of the data pattern is two bytes, of which the
first two bits of each data line are sent back, by the card, reversed. The data pattern sent by the host may
optionally include a CRC16 checksum, which is ignored by the card.

The card detects the start bit on DATO and synchronizes accordingly the reading of all its data inputs.

The host ignores all but the two first bits of the reverse data pattern. The length of the reverse data pattern
is eight bytes and is always sent using all the card’s DAT lines (See Table 4 through Table 8.) The reverse
data pattern sent by the card may optionally include a CRC16 checksum, which is ignored by the host.

The card has internal pull ups in DAT1-DAT7 lines. In cases where the card is connected to only 1bit or
only 4bit HS-MMC system, the input value of the upper bits (e.g. DAT1-DAT7 or DAT4-DAT7) are
detected as logical “1” by the card.
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Data
line

Data pattern sent by the host

Reversed pattern sent by the card

Notes

DATO

0,10xxxxxxxxxx,[CRC16],1

0,01000000,[CRC16],1

Start bit defines beginning of pattern

DAT1

0,00000000,[CRC16],1

No data pattern sent

DAT2

0,00000000,[CRC16],1

No data pattern sent

DAT3

0,00000000,[CRC16],1

No data pattern sent

DAT4

0,00000000,[CRC16],1

No data pattern sent

DAT5

0,00000000,[CRC16],1

No data pattern sent

DAT6

0,00000000,[CRC16],1

No data pattern sent

DAT7

0,00000000,[CRC16],1

No data pattern sent

Table 5 — 4-bit bus testing pattern

Data
line

Data pattern sent by the host

Reversed pattern sent by the card

Notes

DATO

0,10xxxxxxxxxx,[CRC16],1

0,01000000,[CRC16],1

Start bit defines beginning of pattern

DAT1

0,01xxxxxxxxxx,[CRC16],1

0,10000000,[CRC16],1

DAT?2

0,10xxxxxxxxxx,[CRC16],1

0,01000000,[CRC16],1

DAT3

0,01xxxxxxxxxx,[CRC16],1

0,10000000,[CRC16],1

DAT4

0,00000000,[CRC16],1

No data pattern sent

DAT5

0,00000000,[CRC16],1

No data pattern sent

DAT6

0,00000000,[CRC16],1

No data pattern sent

DAT7

0,00000000,[CRC16],1

No data pattern sent

Table 6 — 8-bit bus testing pattern

Data
line

Data pattern sent by the host

Reversed pattern sent by the card

Notes

DATO

0,10xxxxxxxxxx,[CRC16],1

0,01000000,[CRC16],1

Start bit defines beginning of pattern

DAT1

0,01xxxxxxxxxx,[CRC16],1

0,10000000,[CRC16],1

DAT2

0,10xxxxxxxxxX,[CRC16],1

0,01000000,[CRC16],1

DAT3

0,01xxxxxxxxxx,[CRC16],1

0,10000000,[CRC16],1

DAT4

0,10xxxxxxxxxX,[CRC16],1

0,01000000,[CRC16],1

DAT5

0,01xxxxxxxxxx,[CRC16],1

0,10000000,[CRC16],1

DAT6

0,10xxxxxxxxxx,[CRC16],1

0,01000000,[CRC16],1

DAT7

0,01xxxxxxxxxx,[CRC16],1

0,10000000,[CRC16],1
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7.45 Bus width selection

After the host has verified the functional pins on the bus it should change the bus width configuration
accordingly, using the SWITCH command.

The bus width configuration is changed by writing to the BUS_WIDTH byte in the Modes Segment of the
EXT_CSD register (using the SWITCH command to do so). After power-on, or software reset, the con-
tents of the BUS_WIDTH byte is 0x00.

The valid values for this register are defined in "BUS_WIDTH on page" 90. If the host tries to write an
invalid value, the BUS_WIDTH byte is not changed and the SWITCH_ERROR bit is set. This register is
write only.

7.4.6 Dataread

The DATO-DAT7 bus line levels are high when no data is transmitted. A transmitted data block consists of
a start bit (LOW), on each DAT line, 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 an end bit
(HIGH), on each DAT line. (See both Figure 11, Figure 12, and Figure 13 on page 67). The data transmis-
sion is synchronous to the clock signal.

The payload for block oriented data transfer is protected by a CRC check sum, on each DAT line (See Sec-
tion 10.2 on page 121).

e Stream read

There is a stream oriented data transfer controlled by READ DAT _UNTIL_STOP (CMD11). This com-
mand instructs the card to send its payload, starting at a specified address, until the host sends a
STOP_TRANSMISSION command (CMD12). 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.

If the host provides an out of range address as an argument to CMD11, the card will reject the command,
remain in Tran state and respond with the ADDRESS_OUT_OF_RANGE bit set.

Note that the stream read command works only on a 1 bit bus configuration (on DATO). If CMD11 is
issued in other bus configurations, it is regarded as an illegal command.

If the end of the memory range is reached while sending data, and no stop command has been sent yet by
the host, the contents of the further transferred payload is undefined. As the host sends CMD12 the card
will respond with the ADDRESS_OUT_OF RANGE bit set and return to Tran state.

In order for the card to sustain data transfer in stream mode, the time it takes to transmit the data (defined
by the bus clock rate) must be lower then the time it takes to read it out of the main memory field (defined
by the card in the CSD register). Therefore, the maximum clock frequency for stream read operation is
given by the following formula:

READ_BL_LEN

Max Read Frequency = min(TRAN_SPEED, 8x2 — 100 NSAC)

TAAC x R2ZW_FACTOR
All the parameters are defined in Section 8. If the host attempts to use a higher frequency, the card will not

be able to sustain data transfer, and the content of the further transferred bits is undefined. As the host
sends CMD12 the card will respond with the UNDERRUN bit set and return to Tran state.
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Since the timing constrains in the CSD register are typical (not maximum) values (refer to Section 7.6.2 on
page 44) using the above calculated frequency may still yield and occasional UNDERRUN error. In order
to ensure that the card will not get into an UNDERRUN situation, the maximum read latency (defined as
10x the typical - refer to Section 7.6.2) should be used:

READ_BL_LEN

No Underrun Read Frequency = min(TRAN_SPEED, 8x2 —1000 - NSAC)

10 - TAAC x R2ZW_FACTOR

In general, the probability of an UNDERRUN error will decrease as the frequency decreases. The host
application can control the trade-off between transfer speed (higher frequency) and error handling (lower
frequency) by selecting the appropriate stream read frequency.

* Block read

Block read is similar to stream read, except the basic unit of data transfer is a block whose maximum size
is defined in the CSD (READ_BL_LEN). If READ_BL_PARTIAL is set, smaller blocks whose starting
and ending address are entirely contained within one physical block (as defined by READ_BL_LEN) may
also be transmitted. Unlike stream read, 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. Two types of mul-
tiple block read transactions are defined (the host can use either one at any time):

* Open-ended Multiple block read
The number of blocks for the read multiple block operation is not defined. The card will continuously
transfer data blocks until a stop transmission command is received.

» Multiple block read with pre-defined block count
The card will transfer the requested number of data blocks, terminate the transaction and return to
transfer state. Stop command is not required at the end of this type of multiple block read, unless termi-
nated with an error. In order to start a multiple block read with pre-defined block count the host must
use the SET BLOCK COUNT command (CMD23) immediately preceding the

READ_MULTIPLE_BLOCK (CMD18) command. Otherwise the card will start an open-ended multi-
ple block read which can be stopped using the STOP_TRANSMISION command.

The host can abort reading at any time, within a multiple block operation, regardless of the its type. Trans-
action abort is done by sending the stop transmission command.

If either one of the following conditions occur, the card will reject the command, remain in Tran state and
respond with the respective error bit set.

» The host provides an out of range address as an argument to either CMD17 or CMD18.
ADDRESS_OUT_OF_RANGE is set.

» The currently defined block length is illegal for a read operation. BLOCK_LEN_ERROR is set.

» The address/block-length combination positions the first data block misaligned to the card physical
blocks. ADDRESS MISALIGN is set.

If the card detects an error (e.g. out of range, address misalignment, internal error, etc.) during a multiple
block read operation (both types) it will stop data transmission and remain in the Data State. The host must
then abort the operation by sending the stop transmission command. The read error is reported in the
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