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Document Title
SAMSUNG MultiMediaCard

Revision History

Revision No History Date Remark
0.0 - Initial issue Dec. 6. 2004 Draft 6
- Changed model number (page 5,6) Feb. 22. 2005 Draft 7
0.1 - MMCmobile and MMCplus definitions were introduced. Mar. 29. 2005 Preliminary

A minimum performance definition was introduced. (page 56,57)
- Added new item to Spec_Vers register (page 25)
- Added new item to CSD_Structure register (page 25,35)
- Added new item to Extended CSD revision register (page 35)
- Added Min_Performance register to EXT_CSD regiser
(page 32,33)

0.2 - Added 1GB Standard-Size High Speed MultiMediaCard July. 21. 2005
- Added 512MB Dual Voltage Reduced-Size High Speed MultiMe-
diaCard
- Contens of Memory Array Partioning were clarified (page 8)
- Several typos were corrected throughout the book

0.3 - Added 2GB Standard-Size High Speed MultiMediaCard and Sep. 22. 2005
1GB Dual Voltage Reduced-Size High Speed MultiMediaCard

The attached data sheets are prepared and approved by SAMSUNG Electronics. And SAMSUNG Electronics has the right to
change all the specifications in data sheets. SAMSUNG Electronics will evaluate and reply to any dear customer’s requests and
questions on the parameters of this device. If dear customer has any questions, please call or fax to Memory Product Planning Team,
or contact the SAMSUNG branch office near your office
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1. Ordering Information

1 2 3 4
1. Module: M
2.Card: C
3~4. Flash Density
64 : 64M 28 : 128M
56 : 256M 12 :512M
5D : 512M DDP 1G:1G
1D : 1G DDP 2G:2G
2D : 2G DDP 4D : 4G DDP
4Q: 4G QDP 8Q : 8G QDP
5. Feature

H : High Speeed MultiMediaCard

6~8. Card Density

008 : 8M Byte 016 : 16M Byte
032 : 32M Byte 048 :48M Byte
064 : 64M Byte 096 : 96M Byte
128 : 128M Byte 192 : 192M Byte
256 :256M Byte 384 :384M Byte
512 :512M Byte 01G : 1G Byte
02G : 2G Byte 04G : 4G Byte
08G : 8G Byte

9. Card Type

N : Standard-Size MultiMediaCard
H : Reduced-Size MultiMediaCard
D : Dual Voltage Reduced-Size MultiMediaCard

10. Component Generation
M : 1st Generation
B : 3rd Generation
D : 5th Generation

A : 2nd Generation
C : 4th Generation

2. Product Line-up

5 6 7 8 9 10 111213 14 15 16 17 18

11. Flash Package

C:CHIP Y : TSOP1
V : WSOP B: TBGA
12. PCB Revision
A : None B : 1st Rev.
C:2nd Rev.
13. n - "

14. Packing Type

abh wWN =20

: Bulk Type |

: Bulk Type Il (By White Case)
: Bulk Type | (No Label)

: Bulk Type Il (No Label)

: Bulk Type | (only Back Label)
: Bulk Type Il (only Back Label)

15. Controller

S

: S3F49SAX

16. Controller Firmware Revision

moow>»

: None

: 1st Rev.
:2nd Rev.
: 3rd Rev.
: 4th Rev.

17 ~ 18. Customer Grade
" Customer List Reference "

Model Number Capacities Remarks
MC12H064NBCA-2SA00 64MB
MC1GH128NACA-2SA00 128MB
MC2GH256NMCA-2SA00 256MB Standard-Size
MC2GH512NMCA-2SA00 512MB High Speed MultiMediaCard
MC4GHO01GNMCA-2SA00 1GB
MC4GH02GNMCA-2SA00 2GB
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Model Number Capacities Remarks
MC12H064DBCA-2SA00 64MB
MC1GH128DACA-2SA00 128MB )
Dual Voltage Reduced-Size
MC1GH256DACA-2SA00 256MB High Speed MultiMediaCard
MC2GH512DMCA-2SA00 512MB
MC2GH01GDMCA-2SA00 1GB

3. Introduction

3.1 General Description

The SAMSUNG MultiMediaCard is a universal low cost data storage and communication media. It is designed to cover a
wied area of applications as smart phones, cameras, organizers, PDAs, digital recorders, MP3 players, pagers, electronic
toys, etc. Targeted features are high mobility and high performance at a low cost price. It might also be expressed in terms
of low power consumption and high data throughput at the memory card interface.

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

The SAMSUNG MultiMediaCard is very small, removable flash storage devices, designed specifically for storage applica-
tions that put a premium on small form factor, low power and low cost. Flash is the ideal storage medium for portable, bat-
tery-powered devices. It features low power consumption and is non-volatile, requiring no power to maintain the stored
data. It also has a wide operating range for temperature, shock and vibration.

3.2 System Features

e MultiMediaCard System Specification Ver. 4.1 compatible

o Full backward compatibilty with previous MultiMediaCard system ( 1bit data bus, multi-card systems)
e Supports SPI Mode ( Single and multiple block read and write operations )

¢ Maximum data rate with up to 52MB/sec interface speed ( using 8 parallel data lines )

* Voltage Range :

High Voltage MultiMediaCard Dual Voltage MultiMediaCard
Communication 2.7-36 1.65-1.95,27-3.62
Memory Access 2.7-3.6 165-195,27-3.6

Card supported clock frequencies 0~20MHz, 0~26MHz, 0~52MHz

Card support for three different data bus width modes: 1bit(default), 4bit and 8 bit

Two form factors: Normal size(24mm x 32mm x 1.4mm) and Reduced size (24mm x 18mm x 1.4mm)
Correction of memory field errors

Simple erase mechanism

Passward Protection of cards
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3.3 Flash Independent Technology

The 512 byte sector size of the SAMSUNG MultiMediaCard is the same as that in an IDE magnetic disk drive. To write or
read a sector (or multiple sectors), the host computer software simply issues a Read or Write command to the MultiMedia
Card. This command contains the address and the number of sectors to write/read. The host software then waits for the
command to complete. The host software does not get involved in the details of how the flash memory is erased, pro-
grammed or read. This is extremely important as flash devices are expected to get more and more complex in the future.
Because the MultiMediaCard uses an intelligent on-board controller, the host system software will not require changing as
new flash memory evolves. In other words, systems that support the MultiMeidaCard today will be able to access future
MultiMediaCards built with new flash technology without having to update or change host software.

3.4 Defect and Error Management

The SAMSUNG MultiMediaCards contain a sophisticated defect and error management system. This system is analo-
gous to the systems found in magnetic disk drives and in many cases offers enhancements. For instance, disk drives do
not typically perform a read after write to confirm the data is written correctly because of the performance penalty that
would be incurred. MultiMediaCards do a read after write under margin conditions to verify that the data is written cor-
rectly (except in the case fo a Write without Erase Command). In the rare case that a bit is found to be defective. MultiMe-
diaCards will even replace the entire sector with a spare sector. This is completely transparent to the host and does not
consume any user data space.

The MultiMediaCards soft error rate specification is much better than the magnetic disk drive specification. In the
extremely rare case a read error does occur, MultiMediaCards have innovative algorithms to recover the data. This is sim-
ilar to using retries on a disk drive but is much more sophisticated. The last line of defense is to employ powerful ECC to
correct the data. If ECC is used to recover data, defective bits are replaced with spare bits to ensure they do not cause
any future problems.

These defect and error management systems coupled with the solid-state construction give MultiMediaCards unparal-
leled reliability.

3.5 Endurance

MultiMediaCards have an endurance specification for each sector of 100,000 writes (reading a logical sector is unlimited).
This is far beyond what is needed in nearly all applications of MultiMediaCards. Even very heavy use fo the MultiMedi-
aCard in celluar phone, personal communicators, pagers and voice recorders will use only a fraction of the total endur-
ance over the typical device’s five year lifetime. For instance, it would take over 100 years to wear out an area on the
MultiMediaCard on which a files of any size (from 512bytes to capacity) was rewritten 3 times per hour, 8 hours a day, 365
days per year. With typical applications the endurance limit is not of any practical concern to the vast majority of users.

3.6 Automatic Sleep Mode

An important feature of the MultiMediaCard is automatic entrance and exit from sleep mode. Upon completion of an oper-
ation, the MultiMediaCard will enter the sleep mode to conserve power if no further commands are received within 5
msec. The host does not have to take any action for this to occur. In most systems, the MultiMediaCard is in sleep mode
except when the host is acccessing it, thus conserving power. When the host is ready to access the MultiMediaCard and
it is in sleep moed, any command issued to the MultiMediaCard will cause it to exit sleep and respond. The host does not
have to issue a reset first. It may do this if desired, but it is not needed. By not issuing the reset, performance is improved
through the reduction of overhead.

3.7 Hot Insertion

Support for the hot insertion will be required on the host but will be supported through the connector. Connector manufac-
tuers will provide connectors that have power pins long enough to be powered before contact is made with the other pins.
Please see connector data sheets for more details. This approach is similar to that used in PCMCIA to allow for hot inser-
tion. This applies to both MultiMediaCard and SPI modes.
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3.8 MultiMediaCard Mode

3.8.1 MultiMediaCard Standard Compliance
The SAMSUNG MultiMediaCard is fully compliant with MultiMediaCard standard specification V4.1

3.8.2 Negotiating Operation Conditions

The MultiMediaCard supports the operation condition verification sequence defined in the MultiMediaCard standard spec-
ifications. The MultiMediaCard host should define an operating voltage range that is not supported by the MultiMedi-
aCard. It will put itself in an inactive state and ignore any bus communication. The only way to get the card out of the
inactive state is by powering it down and up again. In addtion the host can explicitly send the card to the inactive state by
using the GO_INACTIVE_STATE command.

3.8.3 Card Status

MultiMediaCard status is stored in a 32 bit status register which is sent as the data field in the card respond to host com-
mands. Status register provides information about the card’s current state and completion codes for the last host com-
mand. The card status can be explicityly read(polled) with the SEND_STATUS command.

3.8.4 Memory Array Partitioning
The basic unit of data transfer to/from the MultiMediaCard is one byte. All data transfer operations which require a block
size always define block lenghs as integer multiples of bytes. Some special funcions need other partition granularity.

For block oriented commands, the following definition is used:

o Block: is the unit which is related to the block oriented read and write commands. Its size is the number of bytes which
will be transferred when one block command is sent by host. The size of a block is either programmabile or fixed. The
information about allowed block sizes and the programmability is stored in the CSD.

For R/W cards, special erase and write protect commands are defined:

e The granularity of the erasable units is the Erase Group: The smallest number of consecutive write blocks which can be
addressed for erase. The size of the Erase Group is card specific and stored in the CSD.

e The granularity of the Write Protected units is the WP-Group: The minimal unit which may be individually write pro-
tected. Its size is defined in units of erase groups. The size of a WP-Group is card specific and stored in the CSD.

3.8.5 Read and Write Operations

The MultiMediaCard supports two read/write modes.

Single Block Mode

In this mode the host reads or write one data block in a pre-specified length block transmission is protected with 16bit
CRC which is generated by the sending unit and checked by the receiveing unit. Misalignment is not allowed. Every data
block must be contained in a single memroy sector. The block lenght for write opertaion must be identical to the sector
size and the start address aligned to a sector boundary.
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Multiple Block Mode

This mode is similar to the single block mode, but the host can read/write multiple data blocks (all have the same length)
which will be stored or retrived from contiguous memory addresses starting at the address specified in the command.
The operation is terminated with a stop transmission command. Misalignment and block length restrictions apply to multi-
ple blocks as well and are identical to the single block read/write operations. Multiple block read with pre-defined block is
supported.

3.8.6 Data Protection in the Flash Card

Every sector is protected with an Error Correction Code (ECC). The ECC is generated (in the memory card) when the
sectors are written and validated when the data is read. IF defects are found, the data is corrected prior to transmission to
the host.

The MultiMediaCard can be considered error free and no additional data protection is needed. However, if an applciation
uses additional, exteranal, ECC protection, the data oragnization is defined in the user writeable section of the CSD regis-
ter.

3.8.7 Erase

The smallest erasable unit in the MultiMediaCard is a erase group. In order to speed up the erase procedure, multiple
erase groups can be erased in the same time. The erase operation is divided into two stages.

Tagging - Selecting the Sectors for Erasing
To facilitate selection, a first command with the starting address is followed by a second command with the final address,
and all erase groups within this range will be selected for erase.

Erasing - Starting the Erase Process
Tagging can address erase groups. An arbitrary selection of erase groups may be erased at one time. Tagging and eras-
ing must follow a strict command sequence (refer to the MultiMediaCard standard sepcification for datails).

3.8.8 Write Protection

Two-card level write-protection options are available: permanent and temporary. Both can be set using the
PROGRAM_CSD command (refer to CSD Programming, Section 6.2.8). The permanent write protect bit, once set, can-
not be clearded. This feature is implemented in the MultiMediaCard /RS-MultiMediaCard controller firmware and not with
a physical OTP cell.

3.8.9 Copy Bit

The content of an MultiMediaCard can be marked as an original or a copy using the copy bit in the CSD register. Once
the Copy bit is set (maked as a copy) it cannot be cleared.

The Copy bit of the MultiMediaCard is programmed (during test and formatting on the manufacturing floor) as a copy. The
MultiMediaCard can be purchased with the copy bit set (copy) or cleared, indicating the card is a master.

The One Time Programmable (OTP) characteristic of the Copy bit is implemented in the MultiMediaCard controller firm-
ware and not with a physical OTP cell.

3.8.10 The CSD Register

All the configuration information of the MultiMediaCard is stored in the CSD register. The MSB bytes of the register con-
tain manufacturer data and two least significant bytes contains the host controlled data - the card Copy and write protec-
tion and the user ECC register.

The host can read the CSD register and alter the host controlled data bytes using the SEND_CSD and PROGRAM_CSD
commands.
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3.9 SPI Mode

The SPI mode is a secondary (optional) communication protocol offered for MultiMediaCard. This mode is a subset of the
MultiMediaCard protocol, designed to communicate with an SPI channel, commonly found in Motorola’s(and lately a few
other vendors’) microcontrollers.

3.9.1 Negotiating Operation Conditions

The operating condition negotiation function of the MultiMediaCard bus is not supported in SPI mode. The host must work
within the valid voltage range (2.7 to 3.6 volts) of the card.

3.9.2 Card Acquisition and Identification

The card acquisition and identification function of the MultiMediaCard bus is not supported in SPI mode. The host must
know the number of cards currently connected on the bus. Specific card selection is done via the CS signal.

3.9.3 Card status

In SPI mode only 16bits (containing the errors relevant to SPI mode) can be read out of the MultiMediaCard status regis-
ter.

3.9.4 Memroy Array Partitioning

Memory partioning in SPI mode is equivalent to MultiMediaCard mode. All read and write commands are byte address-
able.

3.9.5 Read and Write Operations

In SPI mode, only single block read/write mode is supported.

3.9.6 Data Transfer Rate

In SPI mode, only single block mode is supported. The typical access time (latency) for each data block, in read opera-
tion, is 1.5ms. The write typical access time (latency) for each data block, in read operation, is 1.5ms. The write block
operation is done in handshake mode. The card will keep DataOut line low as long as the write operation is in progress
and there are no write buffers available.

3.9.7 Data protection in the MultiMediaCard
Same as in the MultiMediaCard mode.
3.9.8 Erase

Same as in the MultiMediaCard mode.
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4. Product Specifications

4.1 Reliability and Durability

Temperature

operation: -25°C/85°C
storage: -40°C (168h) / 85°C (500h)
junction temperature: max. 95°C

Moisture and corrosion

operation: 25°C / 95% rel. humidity

stress: 40°C / 93% rel. hum./500h

salt water spray:

3% NaCl/35C; 24h acc. MIL STD 883 Method 1009

ESD protection

Contact Pads:
+/- 4kV, Human body model according to ANSI EOS/ESD-S5.1-1998

Non Contact Pads area:

+/-8kV (coupling plane discharge)

+/-15kV (air discharge)

Human body model according to IEC61000-4-2

Durability 10.000 mating cycles; test t.b.d.
Bending t.b.d.

Torque t.b.d.

Drop test 1.5m free fall

UV light exposure

UV: 200nm, 15Ws/cm? according to ISO 7816-1

Visual inspection
Shape and form

no warpage; no mold skin; complete form; no cavities surface smoothness
sigma-0.1 mm/cm? within contour; no cracks; no pollution (fat, oil dust, etc.)

Table 4-1 : Environmental Specification Summary

ELECTRONICS
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4.2 Mechanical Design and Format

Card Package Dimensions Normal Size: 24mm x 32mm;

(min. 23.9mm x 31.9mm; max.24.1mm x 32.1mm)
other dimensions Figure 4-1

Testing according to MIL STD 883, Meth 2016

Reduced Size: 24mm x 18mm;

(min. 23.9mm x 17.9mm; max.24.1mm x 18.1mm)
other dimensions Figure 4-3

Testing according to MIL STD 883, Meth 2016

Thickness 1.4mm +- 0.1mm

Restrictions on usage Some area of the external surface of the card edge may not contain conductive
of package material materials (refer to Figure 4-2)

Label or printable area Whole card, except contact area

Surface Plain (except contact area)

Edges Smooth edges, see Figure 4-1

Inverse insertion Protection on right corner (top view), see Figure 4-1

Position of ESC contacts Along middle of shorter edge; -0.625mm Offset

Table 4-2 : Physical Specification Summary
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Figure 4-1 : Dimensions Of A Normal Size MultiMediaCard (Bottom View, DIN)
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Figure 4-3 : Dimensions Of A Reduced Size MultiMediaCard (DIN)
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Figure 4-4 : Location Of Pads’ Via Holes
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(this side of the card only)

Figure 4-2 | Conductive Material Usage Restrictions
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5. Interface Description
5.1 Physical Description

The MultiMediaCard has thirteen exposed contacts on one side. The host is connected to the car using a dedicated thir-
teen-pin connector.

5.1.1 Pin Assignments

Pin No. Name Type? Description
MultiMediaCard Mode
1 DAT3 1/0/PP Data
2 CMD 1/0/PP/OD Command/Response
3 Vss1 S Supply voltage ground
4 Vpp S Supply voltage
5 CLK | Clock
6 Vsso S Supply voltage ground
7 DATOP 1/0/PP Data
8 DAT1 1/O/PP Data
9 DAT2 1/0/PP Data
10 DAT4 I/0/PP Data
1 DAT5 1/0/PP Data
12 DAT6 I/O/PP Data
13 DAT7 I/0/PP Data

a.S: power supply; I: input; O: output; PP: push-pull; OD: open-drain; NC: Not connected (or logical high)
b.The DATO-DAT? lines for read-only cards are output only

SPI Mode

1 CS I Chip Select ( neg true )
2 DI I/PP Data In

3 VSS S Supply voltage ground
4 VDD S Supply voltage

5 SCLK I Clock

6 VSS2 S Supply voltage ground
7 DO O/PP Data Out

8 Not used

9 Not used

10 Not used

11 Not used

12 Not used

13 Not used

Table 5-1 : MultiMediaCard Interface Pin Configuration
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5.2 MultiMediaCard Bus Topology

The MultiMediaCard bus has ten communication lines and three supply lines:

e CMD: Command is a bidirectional signal. The host and card drivers are operating in two modes,
open drain and push pull.

DATO-7: Data lines are bidirectional signals. Host and card drivers are operating in push pull mode
e CLK: Clock is a host to card signal. CLK operates in push pull mode

¢ Vpp: Vpp is the power supply line for all cards.

e Vggq, Vggo are two ground lines.

P

Rop 5 Rpar 7/ Remp
= B
S l |- R CMD
= . DAT[7:0]
= o T cLk
= 3 L
= & C Gy Gy

v v v
— /
- [9mg

MultiMediaCard

Figure 5-1 : Bus Circuitry Diagram

The Rgp is switched on and off by the host synchronously to the open-drain and push-pull mode transitions. The host
does not have to have open drain drivers, but must recognize this mode to switch on the Rgp. Rpar and Reyp are pull-up
resistors protecting the CMD and the DAT lines against bus floating when no card is inserted or when all card drivers are

in a high-impedance mode.
A constant current source can replace the Rpp by achieving a better performance (constant slopes for the signal rising

and falling edges). If the host does not allow the switchable Rgp implementation, a fixed Rgyp can be used (the minimum

value is defined in the Chapter ). Consequently the maximum operating frequency in the open drain mode has to be
reduced if the used R¢gyp value is higher than the minimal one given in Table 5-5.

5.2.1 Hot Insertion and Removal

To guarantee the proper sequence of card pin connection during hot insertion, the use of either a special hot-insertion
capable card connector or an auto-detect loop on the host side (or some similar mechanism) is mandatory (see Chapter 4)
No card shall be damaged by inserting or removing a card into the MultiMediaCard bus even when the power (Vpp) is up.
Data transfer operations are protected by CRC codes, therefore any bit changes induced by card insertion and removal
can be detected by the MultiMediaCard bus master.

The inserted card must be properly reset also when CLK carries a clock frequency fpp. Each card shall have power protec-
tion to prevent card (and host) damage. Data transfer failures induced by removall/insertion are detected by the bus mas-
ter. They must be corrected by the application, which may repeat the issued command.
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5.2.2 Power Protection

Cards shall be inserted/removed into/from the bus without damage. If one of the supply pins (Vpp or Vgg) is not connected
properly, then the current is drawn through a data line to supply the card. Every card’s output also shall be able to with-
stand shortcuts to either supply. If hot insertion feature is implemented in the host, than the host has to withstand a short-
cut between Vpp and Vgg without damage.

5.3 SPI Bus Topology

The SPI mode consists of a secondary, optional communication protocol which is offered by Flash-based MultiMedi-
aCards. This mode is a subset of the MultiMediaCard protocol, designed to communicate with a SPI channel. The Multi-
MediaCard SPI interface is compatible with SPI hosts available on the market. As in any other SPI device, the
MultiMediaCard SPI channel consists of the following four signals:

CS: Host to card Chip Select signal
CLK: Host to card clock signal
Dataln: Host to card data signal
DataOut: Card to host data signal

Another SPI common characteristic is byte transfers, which is implemented in the card as well. All data tokens are multi-
ples of bytes (8 bit) and always byte aligned to the CS signal.The SPI standard defines the physical link only, and not the
complete data transfer protocol.

The card identification and addressing methods are replaced by a hardware Chip Select (CS) signal. There are no broad-
cast commands. For every command, a card (slave) is selected by asserting (active low) the CS signal (see Figure ).

The CS signal must be continuously active for the duration of the SPI transaction (command, response and data). The
only exception occurs during card programming, when the host can de-assert the CS signal without affecting the program-
ming process.

The bidirectional CMD and DAT lines are replaced by unidirectional dataln and dataOut signals. This eliminates the ability
to excute commands while data is being read or written which prevents swquential multi read/write operations. Only single
block read/write is supported by the SPI channel.

supply master

Power > SPI bus CS

A
y  SPIbus (CLK, Dataln, DataOut)

A
v

SPI
Card

A

Figure 5-2 : MultiMediaCard Bus System

5.3.1 Power Protection

Power protection is the same as it is in MultiMediaCard mode.
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5.4 Electrical Interface

The following sections provide valuable information about the electrical interface.
5.4.1 Power Up

The power-up of the MultiMediaCard bus is handled locally in each card and the bus master. See Figure 5-3

Supply voltage
A
VDD max
Bus master supply voltage Memf)ry field
_______________ = Cardlogic [ working —
| working voltage range

——————————— — — — — { voltagerange [ —

time
|
Power up time Supply ramp up time ! First CMDI1 to card ready I
| | |
|
”.. Nee Nee Ncc
Initialization sequence ~ {CMD1y — # CMDI- — » CMDI »CMD2
T
i« > Optional repetitions of CMD1
Initialization delay: o o .
The longest of: until the card is responding
1 msec, 74 clock cycles with busy bit set.
or the supply ramp up time

Figure 5-3 : Power-up Diagram
- After power up (including hot insertion, i.e. inserting a card when the bus is operating) the card enters the idle state. Dur-
ing this state the card ignores all bus transactions until CMD1 is received.
- The maximum initial load (after power up or hot insertion) that the MultiMediaCard can present on the VDD line shall be
a maximum of 10 uF in parallel with a minimum of 330 ohms. At no time during operation shall the card capacitance on the
VDD line exceed 10 uF
- CMD1 is a special synchronization command used to negotiate the operation voltage range and to poll the card until it is
out of its power-up sequence. Besides the operation voltage profile of the card, the response to CMD1 contains a busy
flag, indicating that the card is still working on its power-up procedure and is not ready for identification. This bit informs
the host that the card is not ready. The host has to wait until this bit is cleared. The card shall complete its initialization
within 1 second from the first CMD1 with a valid OCR range.
- Getting the card out of idle state is up to the responsibility of the bus master. Since the power up time and the supply
ramp up time depend on application parameters as the bus length and the power supply unit, the host must ensure that
the power is built up to the operating level (the same level which will be specified in CMD1) before CMD1 is transmitted.
- After power up the host starts the clock and sends the initializing sequence on the CMD line. This sequence is a contigu-
ous stream of logical ‘1’s. The sequence length is the longest of: 1msec, 74 clocks or the supply-ramp-up-time; The addi-
tional 10 clocks (over the 64 clocks after what the card should be ready for communication) is provided to eliminate power-
up synchronization problems.
Every bus master has to implement CMD1. The CMD1 implementation is mandatory for all MultiMediaCards.
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5.4.2 Bus Operating Conditions

General
Parameter Symbol Min Max. Unit Remark
Peak voltage on all lines -0.5 3.6 Vv
All Inputs
Input Leakage Current ‘ ‘ -10 ‘ 10 ‘ pA
All Outputs
Output Leakage Current ‘ ‘ -10 ‘ 10 ‘ pA

Table 5-2 : Bus Opeating Conditions
Power Supply Voltage - High Voltage MultiMediaCard

Parameter Symbol Min Max. Unit Remark
Supply voltage Vop 27 3.6 \Y,
Supply voltage differentials (Vgg1, Vss2) -0.5 0.5 \

Table 5-3 : Power Supply Voltage
Power Supply Voltage - Dual voltage MultiMediaCard

Parameter Symbol Min Max. Unit Remark
Supply voltage (low voltage range) VpboL 1.65 1.95 \% 1.95V-2.7Vis not
Supply voltage (high voltage range) VDbpH 2.7 3.6 \% supported
Supply voltage differentials (Vgg1, Vss2) -0.5 0.5 \

Table 5-4 : Power Supply Voltage

The current consumption of the card for the different card configurations is defined in the power class fields in the
EXT_CSD register.

The current consumption of any card during the power-up procedure, while the host has not sent yet a valid OCR range,
must not exceed 10 mA

5.4.3 Bus Signal Line Load

The total capacitance C, of each line of the MultiMediaCard bus is the sum of the bus master capacitance Cyogt, the bus
capacitance Cgyg itself and the capacitance Ccarp of the card connected to this line:

CL = Chost * Cgus * Ccarp

Requiring the sum of the host and bus capacitances not to exceed 20 pF:

Parameter Symbol Min Max. Unit Remark
Pull-up resistance for CMD Revp 4.7 100 KOhm | to prevent bus floating
Pull-up resistance for DATO-7 Rpar 50 100 KOhm | to prevent bus floating
Bus signal line capacitance CL 30 pF Single card
Single card capacitance CcaArRD 7 pF
Maximum signal line inductance 16 nH fpp <= 52 MHz

Table 5-5 : Host and Bus Capacities
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5.4.4 Bus Signal Levels

As the bus can be supplied with a variable supply voltage, all signal levels are related to the supply voltage.

input
high level

output
high level

VIH
undefined
ViL
input
low level VoL output
v low level
Vss t
Figure 5-4 : Bus Signal Levels
5.4.5 Open-Drain Mode Bus Signal Level
Parameter Symbol Min Max. Unit Conditions
Output HIGH voltage VoH Vpp-0.2 \ loy =-100 pA
Output LOW voltage VoL 0.3 \ loL=2mA

Table 5-6 : Open Drain Mode Bus Signal Levels

The input levels are identical with the push-pull mode bus signal levels.

5.4.6 Push-Pull Mode Bus Signal Level - High Voltage MultiMediaCard

To meet the requirements of the JEDEC specification JESD8-1A, the card input and output voltages shall be within the fol-
lowing specified ranges for any Vpp of the allowed voltage range:

Parameter Symbol Min Max. Unit Conditions
Output HIGH voltage VoH 0.75*Vpp \ loy=-100 uA @Vpp min
Output LOW voltage VoL 0.125*Vpp \ lo =100 pA @Vpp min
Input HIGH voltage ViH 0.625*Vpp Vpp + 03 \%

Input LOW voltage VIL VSS-0.3 0.25*Vpp \

Table 5-7 : Push-Pull Mode Bus Signal Level - High Voltage MulultiMediaCard

5.4.7 Push-Pull Mode Bus Signal Level - Dual Voltage MultiMediaCard

The definition of the 1/0 signal levels for the Dual voltage MultiMediaCard changes as a function of Vpp

2.7V - 3.6V: Identical to the High Voltage MultiMediaCard (refer to Chapter above)

1.95 - 2.7V: Undefined. The card is not operating at this voltage range
1.65 - 1.95V: Compatible with EIA/JEDEC Standard “EIA/JESD8-7 Wide Range” as defined in the following table

ELECTRONICS
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Parameter Symbol Min Max. Unit Conditions
Output HIGH voltage VoH Vpp - 0.2V \ loy=-100 pA @Vpp min
Output LOW voltage VoL 0.2v \ lo =100 A @Vpp min
Input HIGH voltage VIH 0.7 *Vpp Vpp + 0.3 \Y
Input LOW voltage VL VS8S-0.3 0.3*Vpp \

Table 5-8 : Push-Pull Mode Bus Signal Level - Dual Voltage MultiMediCard

5.4.8 Bus & Card Interface Timing

P tpp
twH
Clock
f twr !
tisu LS| > tTHL tren ) ||
Input Data Invalid Data
tosu fon
Output Data Invalid Data

Data must always be sampled on the rising edge of the clock.

Figure 5-5 : Timing Diagram: Data Input/Output
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Parameter ‘ Symbol Min Max. ‘ Unit ‘ Remark
Clock CLK?
Clock frequency Data Transfer Mode (PP)° fpp 0 26/52 | MHz | C__<=30pF

Tolerance: +100KHz

Clock frequency Identification Mode (OD) fop 0 400 kHz | Tolerance: +20KHz
Clock low time twi 6.5 ns CL<=30pF
Clock rise time® TLH 3 ns Cp <=30pF
Clock fall time tTHL 3 ns CL<=30pF
Inputs CMD, DAT (referenced to CLK)
Input set-up time tisu 3 ns Cp <=30pF
Input hold time tiH 3 ns CL <=30pF
Outputs CMD, DAT (referenced to CLK)
Output set-up time tosu 5 ns Cp <=30pF
Output hold time toH 5 ns Cp <= 30 pF
Signal rise time® trise 3 ns CL <=30pF
Signal fall time trall 3 ns Cp <=30pF

a.All timing values are measured relative to 50% of voltage level

b.A MultiMediaCard shall support the full frequency range from 0-26Mhz, or 0-52MHz
c.Rise and fall times are measured from 10%-90% of voltage level

d.Rise and fall times are measured from 10%-90% of voltage level

Table 5-9 : High Speed Card Interface Timings

Clock CLK®

Clock frequency Data Transfer Mode (PP) fPp 0 20 MHz CL <=30pF
Clock frequency Identification Mode (OD) fop 0 400 kHz

Clock low time i 10 ns CL <=30pF
Clock rise timeP tTLH 10 ns CL <= 30 pF
Clock fall time tTHL 10 ns CL <=30pF
Inputs CMD, DAT (referenced to CLK)

Input set-up time tisu 3 ns CL <=30pF
Input hold time tiH 3 ns CL <=30pF
Outputs CMD, DAT (referenced to CLK)

Output set-up time tosu 13.1 ns CL <=30pF
Output hold time toH 9.7 ns CL<=30pF

a.All timing values are measured relative to 50% of voltage level
b.Clock rise and fall times are measured from VIL to VIH of voltage level

Table 5-10 : Backwards Compatible Card Interface Timing
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5.5 MultiMediaCard Registers

Within the card interface six registers are defined: OCR, CID, CSD, EXT_CSD, RCA and DSR. These can be accessed
only by corresponding commands (see Chapter 6.6). The OCR, CID and CSD registers carry the card/content specific
information, while the RCA and DSR registers are configuration registers storing actual configuration parameters. The
EXT_CSD register carries both, card specific information and actual configuration parameters.

5.5.1 OCR Register

The 32-bit operation conditions register stores the Vpp voltage profile of the card. In addition, this register includes a sta-

tus information bit. This status bit is set if the card power up procedure has been finished. The OCR register shall be
implemented by all cards.

OCR bit VDD voltage window High Voltage Dual voltage
MultimediaCard MultiMediaCard
[6:0] Reserved 000 0000b 00 00000b
[71 1.65-1.95 Ob 1b
[14:8] 2.0-2.6 000 0000b 000 0000b
[23:15] 2.7-3.6 11111 1111b 11111 1111b
[30:24] Reserved 000 0000b 000 0000b
[31] card power up status bit (busy)?

a.This bit is set to LOW if the card has not finished the power up routine

The supported voltage range is coded as shown in Table , for High Voltage and Dual voltage MultiMediaCards. As long as
the card is busy, the corresponding bit (31) is set to LOW, the ‘wired-and’ operation, described in Chapter 6.1.2 yields
LOW, if at least one card is still busy.

5.5.2 CID Register

The Card IDentification (CID) register is 128 bits wide. It contains the card identification information used during the card
identification phase (MultiMediaCard protocol). Every individual flash or I/O card shall have an unique identification num-
ber. Every type of MultiMediaCard ROM cards (defined by content) shall have an unique identification number.

The structure of the CID register is defined in the following paragraphs:

Name Field Width CID-slice CID Value
Manufacturer ID MID 8 [127:120] 0x15
OEM/Application ID OID 16 [119:104] -—-
Product name PNM 48 [103:56] -
Product revision PRV 8 [65:48] -
Product serial number PSN 32 [47:16] -—-
Manufacturing date MDT 8 [15:8] -
CRCY7 checksum CRC 7 [7:1] -
not used, always '1’ - 1 [0:0] -—-
Table 5-12 : The CID fields
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e MID
An 8 bit binary number that identifies the card manufacturer. The MID number is controlled, defined and allocated to a Mul-
tiMediaCard manufacturer by the MMCA. This procedure is established to ensure uniqueness of the CID register.

e OID

A 16 bit binary number that identifies the card OEM and/or the card contents (when used as a distribution media either on
ROM or FLASH cards). The OID number is controlled, defined and allocated to a MultiMediaCard manufacturer by the
MMCA. This procedure is established to ensure uniqueness of the CID register.

e PNM
The product name is a string, 6 ASCII characters long.

e PRV
The product revision is composed of two Binary Coded Decimal (BCD) digits, four bits each, representing an “n.m” revi-

sion number. The “n” is the most significant nibble and “m” is the least significant nibble.
As an example, the PRV binary value field for product revision “6.2” will be: 0110 0010

e PSN
A 32 bits unsigned binary integer.

e MDT
The manufacturing date is composed of two hexadecimal digits, four bits each, representing a two digits date code m/y;

The “m” field, most significant nibble, is the month code. 1 = January.

The “y” field, least significant nibble, is the year code. 0 = 1997.
As an example, the binary value of the MDT field for production date “April 2000” will be: 0100 0011

e CRC
CRC7 checksum (7 bits). This is the checksum of the CID contents computed according to Chapter 6.4.

5.5.3 CSD Register

The Card-Specific Data register provides information on how to access the card contents. The CSD defines the data for-
mat, error correction type, maximum data access time, data transfer speed, whether the DSR register can be used etc.
The programmable part of the register (entries marked by W or E, see below) can be changed by CMD27. The type of the
entries in the table below is coded as follows:
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R =readable, W = writable once, E = erasable (multiple writable).

Name Field Width Cell CSD- CSD Value
Type slice
CSD structure CSD_STRUCTURE 2 R [127:126] | v.1.2
System specification version SPEC_VERS 4 R [125:122] | v.4.1
Reserved - 2 R [121:120] | O
Data read access-time 1 TAAC 8 R [119:112] 1.5ms
Data read access-time 2 NSAC 8 R [111:104] 100
in CLK cycles (NSAC*100)
Max. bus clock frequency TRAN_SPEED 8 R [103:96] 20MHz
Card command classes CCC 12 R [95:84] Not support
class:1,3,8,9,10,11
Max. read data block length READ_BL_LEN 4 R [83:80] 512Bytes
Partial blocks for read allowed READ_BL_PARTIAL 1 R [79:79] No
Write block misalignment WRITE_BLK_MISALIGN 1 R [78:78] No
Read block misalignment READ_BLK_MISALIGN 1 R [77:77] No
DSR implemented DSR_IMP 1 R [76:76] No
Reserved - 2 R [75:74] 0
Device size C_SIZE 12 R [73:62]
Max. read current @ Vpp min VDD_R_CURR_MIN 3 R [61:59] 60mA
Max. read current @ Vpp max | VDD_R_CURR_MAX 3 R [68:56] 80mA
Max. write current @ Vpp min VDD_W_CURR_MIN 3 R [65:53] 60mA
Max. write current @ Vpp max | VDD_W_CURR_MAX 3 R [562:50] 80mA
Device size multiplier C_SIZE_MULT 3 R [49:47] -—-
Erase group size ERASE_GRP_SIZE 5 R [46:42] -
Erase group size multiplier ERASE_GRP_MULT 5 R [41:37] -
Write protect group size WP_GRP_SIZE 5 R [36:32] -—-
Write protect group enable WP_GRP_ENABLE 1 R [31:31] 1
Manufacturer default ECC DEFAULT_ECC 2 R [30:29] None
Write speed factor R2W_FACTOR 3 R [28:26] -—-
Max. write data block length WRITE_BL_LEN 4 R [25:22] 512
Partial blocks for write allowed WRITE_BL_PARTIAL 1 R [21:21] No
Reserved - 4 R [20:17] 0
Content protection application CONTENT_PROT_APP 1 R [16:16] -
e —
File format group FILE_FORMAT_GRP 1 R/W [15:15] 0
Copy flag (OTP) COPY 1 R/W [14:14] ---
Permanent write protection PERM_WRITE_PROTEC | 1 R/W [13:13] No
T
Temporary write protection TMP_WRITE_PROTECT | 1 R/WIE | [12:12] No
File format FILE_FORMAT 2 R/W [11:10] 0
ECC code ECC 2 R/W/E | [9:8] None
CRC CRC 7 R/W/E | [7:1]
Not used, always '1’ - 1 - [0:0] 1
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The following sections describe the CSD fields and the relevant data types. If not explicitly defined otherwise, all bit strings
are interpreted as binary coded numbers starting with the left bit first.

e CSD_STRUCTURE

Describes the version of the CSD structure.

CSD_STRUCTURE CSD structure version Valid for System Specification Version
0 CSD version No. 1.0 Version 1.0 - 1.2
1 CSD version No. 1.1 Version 1.4 -2.2
2 CSD version No. 1.2 Version 3.1-3.2-3.31-4.0-41
3 Version is coded in the CSD_STRUCTURE byte in the EXT_CSD register
e SPEC_VERS

Defines the MultiMediaCard System Specification version supported by the card.

SPEC_VERS System Specification Version Number
0 Version 1.0-1.2
1 Version 1.4
2 Version 2.0 - 2.2
3 Version 3.1 - 3.2 -3.31
4 Version 4.0 - 4.1
5-15 Reserved
e TAAC

Defines the asynchronous part of the data access time.

TAAC bit position code

2:0 Time unit
0=1ns, 1=10ns, 2=100ns, 3=1ys, 4=10pus, 5=100us, 6=1ms, 7=10ms

6:3 Multiplier factor
O=reserved, 1=1.0, 2=1.2, 3=1.3, 4=1.5, 5=2.0, 6=2.5, 7=3.0, 8=3.5, 9=4.0, A=4.5,
B=5.0, C=5.5, D=6.0, E=7.0, F=8.0

7 Reserved

e NSAC

Defines the typical case for the clock dependent factor of the data access time. The unit for NSAC is 100 clock cycles.
Therefore, the maximal value for the clock dependent part of the data access time is 25.5k clock cycles.
The total access time N as expressed in Table 23 is calculated based on TAAC and NSAC. It has to be computed by the

host for the actual clock rate. The read access time should be interpreted as a typical delay for the first data bit of a data

block or stream.

ELECTRONICS
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e TRAN_SPEED
The following table defines the clock frequency when not in high speed mode. For cards supporting version 4.0, and
higher, of the specification, the value shall be 20MHz (0x2A):

TRAN_SPEED bit Code
2:0 Frequency unit
0=100KHz, 1=1MHz, 2=10MHz, 3=100MHz,
4...7=reserved

6:3 Multiplier factor
O=reserved, 1=1.0, 2=1.2, 3=1.3, 4=1.5, 5=2.0, 6=2.6, 7=3.0, 8=3.5, 9=4.0,
A=4.5, B=5.2, C=5.5, D=6.0, E=7.0, F=8.0

7 reserved

e CCC

The MultiMediaCard command set is divided into subsets (command classes). The card command class register CCC
defines which command classes are supported by this card. A value of ‘1’ in a CCC bit means that the corresponding com-
mand class is supported. For command class definition refer to Table 6-8.

CCC bit Supported card command class
0 class 0
class 1
1" class 11

e READ_BL_LEN
The data block length is computed as 2READ_BL_LEN The plock length might therefore be in the range 1, 2,4...2048 bytes

(see Chapter 6.10 for details):

READ_BL_LEN Block length
0 20 = 1 Byte
1 1_
2" =2 Bytes
" 2™ = 2048 Bytes
12-15 Reserved

e READ_BL_PARTIAL

Defines whether partial block sizes can be used in block read commands.

READ_BL_PARTIAL=0 means that only the READ_BL_LEN block size can be used for block oriented data transfers.
READ_BL_PARTIAL=1 means that smaller blocks can be used as well. The minimum block size will be equal to minimum
addressable unit (one byte)
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« WRITE_BLK_MISALIGN

Defines if the data block to be written by one command can be spread over more than one physical block of the memory
device. The size of the memory block is defined in WRITE_BL_LEN.

WRITE_BLK_MISALIGN=0 signals that crossing physical block boundaries is invalid.

WRITE_BLK_MISALIGN=1 signals that crossing physical block boundaries is allowed.

« READ_BLK_MISALIGN

Defines if the data block to be read by one command can be spread over more than one physical block of the memory
device. The size of the memory block is defined in READ_BL_LEN.

READ_BLK_ MISALIGN=0 signals that crossing physical block boundaries is invalid.

READ_BLK_ MISALIGN=1 signals that crossing physical block boundaries is allowed.

e DSR_IMP
Defines if the configurable driver stage is integrated on the card. If set, a driver stage register (DSR) must be implemented
also (see Chapter 5.5.6).

DSR_IMP DSR type

0 DSR is not implemented

DSR implemented

e C_SIZE
This parameter is used to compute the card capacity. The memory capacity of the card is computed from the entries
C_SIZE, C_SIZE_MULT and READ_BL_LEN as follows:
memory capacity = BLOCKNR * BLOCK_LEN
where
BLOCKNR = (C_SIZE+1) * MULT
MULT = 2C-SIZE_ MULT+2 (¢ g|ZE MULT < 8)
BLOCK_LEN = 2READ_BL_LEN \READ BL_LEN < 12)
Therefore, the maximal capacity which can be coded is 4096*512*2048 = 4 GBytes. Example: A 4 MByte card with
BLOCK_LEN =512 can be coded by C_SIZE_MULT = 0 and C_SIZE = 2047.

e VDD_R_CURR_MIN, VDD_W_CURR_MIN
The maximum values for read and write currents at the minimal power supply Vpp are coded as follows:

VDD_R_CURR_MIN Code for current consumption @ Vpp
VDD_W_CURR_MIN
2:0 0=0.5mA; 1=1mA; 2=5mA; 3=10mA; 4=25mA; 5=35mA; 6=60mA; 7=100mA

The values in these fields are valid when the card is not in high speed mode. When the card is in high speed mode, the
current consumption is chosen by the host, from the power classes defined in the PWR_ff_vvv registers, in the EXT_CSD
register.
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e VDD_R_CURR_MAX, VDD_W_CURR_MAX
The maximum values for read and write currents at the maximal power supply Vpp are coded as follows:

VDD_R_CURR_MAX Code for current consumption @ Vpp
VDD_W_CURR_MAX
2:0 0=1mA; 1=5mA; 2=10mA; 3=25mA; 4=35mA; 5=45mA; 6=80mA; 7=200mA

The values in these fields are valid when the card is not in high speed mode. When the card is in high speed mode, the
current consumption is chosen by the host, from the power classes defined in the PWR_ff_vvv registers, in the EXT_CSD
register.

e C_SIZE_MULT
This parameter is used for coding a factor MULT for computing the total device size (see ‘C_SIZE’). The factor MULT is

defined as 2C-SIZE_MULT+2
C_SIZE_MULT .

0 2=4

1 g

2 2% =16

3 =32

4 0 =64

° 27 =128

° 28 = 256

! 2%=512

e ERASE_GRP_SIZE

The contents of this register is a 5 bit binary coded value, used to calculate the size of the erasable unit of the card. The
size of the erase unit (also referred to as erase group) is determined by the ERASE_GRP_SIZE and the
ERASE_GRP_MULT entries of the CSD, using the following equation:

size of erasable unit = (ERASE_GRP_SIZE + 1) * (ERASE_GRP_MULT + 1)

This size is given as minimum number of write blocks that can be erased in a single erase command.

¢ ERASE_GRP_MULT
A 5 bit binary coded value used for calculating the size of the erasable unit of the card. See ERASE_GRP_SIZE section
for detailed description.

e WP_GRP_SIZE

The size of a write protected group. The contents of this register is a 5 bit binary coded value, defining the number of erase
groups which can be write protected. The actual size is computed by increasing this number by one. A value of zero
means 1 erase group, 31 means 32 erase groups.
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e WP_GRP_ENABLE
A value of ‘0’ means no group write protection possible.

e DEFAULT_ECC
Set by the card manufacturer. It defines the ECC code which is recommended for use. The field definition is the same as
for the ECC field described later.

¢ R2W_FACTOR
Defines the typical block program time as a multiple of the read access time. The following table defines the field format.

R2W_FACTOR Multiples of read access time

0 1

2 (write half as fast as read)

4

8

16

32

64

N[O |WIN|—~

128

e WRITE_BL_LEN
Block length for write operations. See READ_BL_LEN for field coding.

e WRITE_BL_PARTIAL

Defines whether partial block sizes can be used in block write commands.

WRITE_BL_PARTIAL='0" means that only the WRITE_BL_LEN block size can be used for block oriented data write.
WRITE_BL_PARTIAL="1" means that smaller blocks can be used as well. The minimum block size is one byte.

o FILE_FORMAT_GRP

Indicates the selected group of file formats. This field is read-only for ROM. The usage of this field is shown in Table 5-25
(see FILE_FORMAT).

¢ COPY
Defines if the contents is original (= ‘0’) or has been copied (='1’). The COPY bit for OTP and MTP devices, sold to end
consumers, is set to ‘1’ which identifies the card contents as a copy. The COPY bit is an one time programmable bit.

e PERM_WRITE_PROTECT
Permanently protects the whole card content against overwriting or erasing (all write and erase commands for this card
are permanently disabled). The default value is ‘0’, i.e. not permanently write protected.
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e TMP_WRITE_PROTECT
Temporarily protects the whole card content from being overwritten or erased (all write and erase commands for this card
are temporarily disabled). This bit can be set and reset. The default value is ‘0’, i.e. not write protected.

e CONTENT_PROT_APP
This field in the CSD indicates whether the content protection application is supported. MultiMediaCards which implement
the content protection application will have this bit set to ‘1’;

e FILE_FORMAT
Indicates the file format on the card. This field is read-only for ROM. The following formats are defined:

FILE_FORMAT_GRP FILE_FORMAT Type
0 0 Hard disk-like file system with partition table
0 1 DOS FAT (floppy-like) with boot sector only (no partition table)
0 2 Universal File Format
0 3 Others / Unknown
1 0,1,2,3 Reserved

A more detailed description is given in "File Formats Specifications For MultiMediaCards".

e ECC
Defines the ECC code that was used for storing data on the card. This field is used by the host (or application) to decode
the user data. The following table defines the field format.:

ECC ECC type Maximum number of correctable bits per block
0 None (default) none
1 BCH (542,512) 3
2-3 reserved -
¢ CRC

The CRC field carries the check sum for the CSD contents. It is computed according to Chapter 6.4. The checksum has to
be recalculated by the host for any CSD modification. The default corresponds to the initial CSD contents.
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The following table lists the correspondence between the CSD entries and the command classes. A '+ entry indicates that
the CSD field affects the commands of the related command class.

Command classes

CSD Field 0 1 2 3 4 5 6 7
CSD_STRUCTURE + + + + + +
SPEC_VERS + + + + + + + + + +
TAAC + + + + + + + +
NSAC + + + + + + + +
TRAN_SPEED + + + +
CCC + + + + + + + + + +
READ_BL_LEN +
READ_BL_PARTIAL +
WRITE_BLK_MISALIGN +
READ_BLK_MISALIGN +
DSR_IMP + + + + + + + + + +
C_SIZE_MANT + + + + + + + +
C_SIZE_EXP + + + + + + + +
VDD_R_CURR_MIN + +
VDD_R_CURR_MAX + +
VDD_W_CURR_MIN + + + + + +
VDD_W_CURR_MAX + + + + + +
ERASE_GRP_SIZE + + + +
WP_GRP_SIZE + + +
WP_GRP_ENABLE + + +
DEFAULT_ECC + + + + + + + +
R2W_FACTOR + + + + + +
WRITE_BL_LEN + + + + + +
WRITE_BL_PARTIAL + + + + + +
FILE_FORMAT_GRP
COPY + + + + + + + + + +
PERM_WRITE_PROTECT + + + + + + + + + +
TMP_WRITE_PROTECT + + + + + + + + + +
FILE_FORMAT
ECC + + + + + + + +
CRC + + + + + + + + + +

5.5.4 Extended CSD Register

The Extended CSD register defines the card properties and selected modes. It is 512 bytes long.

The most significant 320 bytes are the Properties segment, which defines the card capabilities and cannot be modified by
the host. The lower 192 bytes are the Modes segment, which defines the configuration the card is working in. These
modes can be changed by the host by means of the SWITCH command
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Name Field Size Cell CSD-slice
(Bytes) Type

Properties Segment
Reserved! 7 [511:505]
Supported Command Sets S_CMD_SET 1 R [504]
Reserved! 293 [503:211]
Minimum Write Performance for 8bit @52MHz MIN_PERF_W 8 52 1 R [210]
Minimum Read Performance for 8bit @52MHz MIN_PERF_R_8_52 1 R [209]
Minimum Write Performance for 8bit @26MHz / MIN_PERF_W 8 26 4 52 1 R [208]
4bit @52MHz
Minimum Read Performance for 8bit @26MHz / MIN_PERF_R_8_26_4 52 1 R [207]
4bit @52MHz
Minimum Write Performance for 4bit @26MHz MIN_PERF_W_4_26 1 R [206]
Minimum Read Performance for 4bit @26MHz MIN_PERF_R 4 26 1 R [205]
Reserved' 1 [204]
Power Class for 26MHz @ 3.6V PWR _CL_26_360 1 R [203]
Power Class for 52MHz @ 3.6V PWR_CL_52_360 1 R [202]
Power Class for 26MHz @ 1.95V PWR_CL_26_195 1 R [201]
Power Class for 52MHz @ 1.95V PWR_CL_52_195 1 R [200]
Reserved' 3 [199:197]
Card Type CARD_TYPE 1 R [196]
Reserved' 1 [195]
CSD Structure Version CSD_STRUCTURE 1 R [194]
Reserved' 1 (193]
Extended CSD Revision EXT_CSD_REV 1 R [192]
Modes Segment
Command Set CMD_SET 1 R/W |[191]
Reserved' 1 [190]
Command Set Revision CMD_SET_REV 1 RO [189]
Reserved' 1 [188]
Power Class POWER_CLASS 1 R/W |[187]
Reserved' 1 [186]
High Speed Interface Timing HS_TIMING 1 R/W |[185]
Reserved' 1 [184]
Bus Width Mode BUS_WIDTH 1 WO [[183]
Reserved? 183 [182:0]

a.Reserved bits should read as ‘0’

Table 5-27 : Extended CSD
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e S_CMD_SET
This field defines which command sets are supported by the card.

Bit Command Set
7-3 Reserved

2 Content Protection SecureMMC

1 SecureMMC

0 Standard MMC

e MIN_PERF_a_b_ff
These fields defines the overall minimum performance value for the read and write access with different bus width and
max clock frequency modes. The value in the register is coded as follows. Other than defined values are illegal.

Value Performance

0x00 For Cards not reaching the 2.4MB/s minimum value

0x08 Class A: 2.4MB/s and is the lowest allowed value for MMCplus and MMCmobile(16x150kB/s)

0x0A Class B: 3.0MB/s and is the next allowed value (20x150kB/s)

O0xOF Class C: 4.5MB/s and is the next allowed value (30x150kB/s)

0x14 Class D: 6.0MB/s and is the next allowed value (40x150kB/s)

Ox1E Class E: 9.0MB/s and is the next allowed value (60x150kB/s)
This is also the highest class which any MMCplus or MMCmobile card is needed to support in low bus
category operation mode (26MHz with 4bit data bus).
A MMCplus or MMCmobile card supporting any higher class than this have to support this class also
(in low category bus operation mode).

0x28 Class F: Equals 12.0MB/s and is the next allowed value (80x150kB/s)

0x32 Class G: Equals 15.0MB/s and is the next allowed value (100x150kB/s)

0x3C Class H: Equals 18.0MB/s and is the next allowed value (120x150kB/s)

0x46 Class J: Equals 21.0MB/s and is the next allowed value (140x150kB/s)
This is also the highest class which any MMCplus or MMCmobile card is needed to support in mid bus
category operation mode (26MHz with 8bit data bus or 52MHz with 4bit data bus).
A MMCplus or MMCmobile card supporting any higher class than this have to support this Class (in
mid category bus operation mode) and Class E also (in low category bus operation mode)

0x50 Class K: Equals 24.0MB/s and is the next allowed value (160x150kB/s)

0x64 Class M: Equals 30.0MB/s and is the next allowed value (200x150kB/s)

0x78 Class O: Equals 36.0MB/s and is the next allowed value (240x150kB/s)

0x8C Class R: Equals 42.0MB/s and is the next allowed value (280x150kB/s)

0xA0 Class T: Equals 48.0MB/s and is the last defined value (320x150kB/s)

Table 5-28 : R/W Access Performance Value
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e PWR_CL_ff_vvv

These fields define the supported power classes by the card. By default, the card has to operate at maximum frequency
using 1 bit bus configuration, within the default max current consumption, as stated in the table below. If 4 bit/8 bits bus
configurations, require increased current consumption, it has to be stated in these registers.

By reading these registers the host can determine the power consumption of the card in different bus modes. Bits [7:4]
code the current consumption for the 8 bit bus configuration. Bits [3:0] code the current consumption for the 4 bit bus con-
figuration

The PWR_52_vvv registers are not defined for 26MHz MultiMediaCards.

Voltage | Value | Max RMS Current Max Peak Current Remarks
3.6V 0 100 mA 200 mA Default current consumption for high voltage cards
1 120 mA 220 mA
2 150 mA 250 mA
3 180 mA 280 mA
4 200 mA 300 mA
5 220 mA 320 mA
6 250 mA 350 mA
7 300 mA 400 mA
8 350 mA 450 mA
9 400 mA 500 mA
10 450 mA 550 mA
11-15 Reserved for future use
1.95V 0 65 mA 130 mA Default current consumption for Dual voltage cards
1 70 mA 140 mA
2 80 mA 160 mA
3 90 mA 180 mA
4 100 mA 200 mA
5 120 mA 220 mA
6 140 mA 240 mA
7 160 mA 260 mA
8 180 mA 280 mA
9 200 mA 300 mA
10 250 mA 350 mA
6-15 Reserved for future use

The measurement for max RMS current is done as average RMS current consumption over a period of 100ms.
Max peak current is defined as absolute max value not to be exceeded at all.
The conditions under which the power classes are defined are:

Maximum bus frequency

Maximum operating voltage

Worst case functional operation

Worst case environmental parameters (temperature,...)

These registers define the maximum power consumption for any protocol operation in data transfer mode, Ready state
and ldentification state.
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e CARD_TYPE
This field defines the type of the card. The only currently valid values for this field are 0x01 and 0x03.
Bit Card Type
7:2 Reserved
High Speed MultiMediaCard @ 52MHz
0 High Speed MultiMediaCard @ 26MHz

e CSD_STRUCTURE
This field is a continuation of the CSD_STRUCTURE field in the CSD register

CSD_STRUCTURE CSD structure version Valid for System Specification Version
0 CSD version No. 1.0 Version 1.0 - 1.2
1 CSD version No. 1.1 Version 1.4 - 2.2
2 CSD version No. 1.2 Version 3.1 -3.2-3.31-4.0-41
3 Reserved for future use
4-255 Reserved for future use

e EXT_CSD_REV
Defines the fixed parameters. related to the EXT_CSD, according to its revision

EXT_CSD_REV Extended CSD Revision
255-2 Reserved
1 Revision 1.1
0 Revision 1.0

e CMD_SET
Contains the binary code of the command set that is currently active in the card. It is set to ‘0’ (Standard MMC) after power
up and can be changed by a SWITCH command.

e CMD_SET_REV
Contains a binary number reflecting the revision of the currently active command set. For Standard MMC. command set it
is:

Code MMC Revisions

255-1 Reserved

0 v4.0

This field, though in the Modes segment of the EXT_CSD, is read only.
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¢ POWER_CLASS

This field contains the 4 bit value of the selected power class for the card. The power classes are defined in Table . The
host should be responsible of properly writing this field with the maximum power class it allows the card to use. The card
uses this information to, internally, manage the power budget and deliver an optimized performance.

This field is 0 after power-on or software reset.

Bits Description
[7:4] Reserved
[3:0] Card power class code (See Table 5-29)

e HS_TIMING
This field is O after power-on, or software reset, thus selecting the backwards compatibility interface timing for the card. If
the host writes 1 to this field, the card changes its timing to high speed interface timing (refer to Chapter 5.4.8)

e BUS_WIDTH
Itis set to ‘0’ (1 bit data bus) after power up and can be changed by a SWITCH command.
Value Bus Mode
255-3 Reserved
2 8 bit data bus
1 4 bit data bus
0 1 bit data bus

5.5.5 RCA Register

The writable 16-bit relative card address register carries the card address assigned by the host during the card identifica-
tion. This address is used for the addressed host-card communication after the card identification procedure. The default
value of the RCA register is 0x0001. The value 0x0000 is reserved to set all cards into the Stand-by State with CMD?7.

5.5.6 DSR Register

The 16-bit driver stage register can be optionally used to improve the bus performance for extended operating conditions
(depending on parameters like bus length, transfer rate or number of cards). The CSD register carries the information
about the DSR register usage. The default value of the DSR register is 0x404.
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6. MultiMediaCard Protocol Description

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 system1. Some of these
commands require a response.
e Addressed (point-to-point) commands : The addressed commands are sent to the addressed card and cause a
response from this card.
A general overview of the command flow is shown in Figure 6-1 for the card identification mode and in Figure 6-2 for the
data transfer mode. The commands are listed in the command tables (Table 6-9 - Table 6-17). The dependencies between
current state, received command and following state are listed in Table 6-18. In the following sections, the different card
operation modes are described first. Thereafter, the restrictions for controlling the clock signal are defined. All MultiMedi-
aCard commands together with the corresponding responses, state transitions, error conditions and timings are presented
in the succeeding sections.
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.
¢ Interrupt mode
Host and card enter and exit interrupt mode simultaneously. In interrupt mode there is no data transfer. The only mes
sage 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 iden
tifying 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 6-1 and Figure 6-2) is associated with one bus mode and one operation mode:

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

Identification State
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

1.Broadcast commands are kept for backwards compatibility to previous MultiMediaCard systems, where more than one
card was allowed on the bus.
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6.1 Card ldentification Mode

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

6.1.1 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 /dle State.

Command GO_IDLE_STATE (CMDO) is the software reset command and puts the card into /dle State. It is also used to
switch the card into SPI mode (refer to Chapter 7 for details).

After power-on, or CMDO, the cards’ output bus drivers are in high-impedance state and the card is initialized with a
default relative card address (,0x0001%) and with a default driver stage register setting (lowest speed, highest driving cur-
rent capability). The host clocks the bus at the identification clock rate fop (see Chapter 5.4.8).

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.

6.1.2 Operating Voltage Range Validation

Each type of MultiMediaCard (either High voltage or Dual Voltage) shall be able to establish communication 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 Chapter 5.4.2).

The SEND_OP_COND (CMD1) command is designed to provide MultiMediaCard hosts with a mechanism to identify and
reject cards which do not match the Vpp range desired by the host. This is accomplished by the host sending the required
Vpp voltage window as the operand of this command (See Chapter 5.5.1). 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 (see Chapter
5.5.1).
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Power on

Idle State from all states except (ina)

(idle)
card is busy or ~ v -
host omitted voltage range CMD1 Inactive CMD15
\ State (ina) =

cards with non compatible voltage range
v

Ready State
card looses bus (ready)

\ 4
CMD2
card wins bus

v
Identification
State (ident)
CMD3 card-identification mode

v
Stand-by State
(stby)

Wait-IR
(irq

State

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

‘ Any start bit detected on the bus

I
Interrupt mode ¢—— data-transfer mode

Figure 6-1 : 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.

The busy bit in the CMD1 response can be used by a card to tell the host that it is still working on its power-up/reset pro-
cedure (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. Such changes shall be
ignored by the card. If there is a real change in the operating conditions, the host must reset the card (using CMDO0) 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 com-
mand 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).
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The command CMD1 shall be implemented by all cards defined by this standard.

If the host intends to operate the Dual Voltage MultiMediaCards in the 1.65V to 1.95V range, it is recommended 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 1.65V 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.

6.1.3 Card Identification Process

The following explanation refers to a card working in a multi-card environment, as defined in versions of this standard pre-
vious 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 Chapter 5.4.8).
The open drain driver stages on the CMD line allow parallel card operation during card identification.

Atfter the bus is activated, the host will request the cards to send its valid operation conditions (CMD1). The response to
CMD1 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 ALL_SEND_CID (CMD2), asking all cards for its unique card
identification (CID) number. All unidentified 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 immediately 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 /dentifica-
tion 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 fgp). 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 card 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 Chapter 6.11).
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6.2 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 Chapter 5.4.8). The
host issues SEND_CSD (CMD9) to obtain the Card Specific Data (CSD register), e.g. block length, card storage capacity,
maximum clock rate, etc.

| cmD3 | [cmpis | [embo |
Card identification
mode
Interrupt mode Data transfer from all states in

mode Data-transfer-mode Sending-data
State (data)

‘CMDB & CMD55 ‘

no state transition

Wait-IRQ State in data-transfer-mode CMDI12, CMDS, 11,17,
irq “operation 18, 30, 56(r)
complete”

Any start bit
detected on
the bus

CMDI6,
23,3536

4
Stand-by State
(stby)

Transfer
State (tran) /J<4—]

T

CMD4

9,10,39 » , CMD20
operation 5
complete” 24,25,26,27,42, 56(w)
CMD 6, A
“operation 28,29, 38 _
) us test
S Sapas. Receive-data .State (btst)
25 State (rcv)
Programming CMD14

State (prg)

CMD7
State (dis) transfer end*
CMD7

Figure 6-2 : MultiMediaCard State Diagram (Data Transfer Mode)

The broadcast command SET_DSR (CMD4) configures the driver stages of the card. It programs its DSR register corre-
sponding to the application bus layout (length) and the data transfer frequency. The clock rate is also switched from fop to
fpp at that point.

CMD?7 is used to select the card and put it into the Transfer State. 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 CMDY7 is issued with the
reserved relative card address “0x0000”, the card is put back to Stand-by State. After the card is assigned an RCA it will
not respond to identification commands (CMD1, CMD2, CMD3, see Chapter 6.1.3).
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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 6-2):

¢ 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: 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 commands must be
stopped prior to deselecting the card by CMD7. The write commands are: block write (CMD24 and CMD25), write CID
(CMD26), and write CSD (CMD27).

e 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).

¢ |f a block write operation is stopped and the block length and CRC of the last block are valid, the data will be pro
grammed.

e 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.

o |If all write buffers are full, and as long as the card is in Programming State (see MultiMediaCard state diagram
Figure -2), the DATO line will be kept low.

¢ 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.

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

e Read commands are not allowed while card is programming.

e 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.

e A card can be reselected while in the Disconnect State, using CMD?7. In this case the card will move to the Program
ming State and reactivate the busy indication.

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

e 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.

In the following format definitions, all upper case flags and parameters are defined in the CSD (Chapter 5.5.3), and the
other status flags in the Card Status (Chapter 6.9).
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6.2.1 Command Sets And Extended Settings

The card operates in a given command set, by default, after a power cycle or reset by CMDO, it is the MultiMediaCard
standard command set, using a single data line, DATO. The host can change the active command 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 con-
tains 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 setting one of the

access modes. All three modes access and modify one of the EXT_CSD bytes, the byte pointed by the Index field'

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.

Table 6-2 : EXT_CSD Access Modes

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 operation.

6.2.2 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 5-7, Chapter 5. For the host to
change to a higher clock frequency, it has to enable the high speed interface timing. The host uses the SWITCH command
to write 0x01 to the HS_TIMING byte, in the Modes segment of the EXT_CSD register.

The valid values for this register are defined in '"HS_TIMING’, in page 37. 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.

6.2.3 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 (26 MHZ
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 'PWR_CL_ff vvv’, in page 84 If the host tries to write an invalid value, the
POWER_CLASS byte is not changed and the SWITCH_ERROR bit is set.

1.The Index field can contain any value from 0-255, but only values 0-191 are valid values. If the Index value is in the 192-255 range
the card does not perform any modification and the SWITCH_ERROR status bit is set.

44 Sep.22.2005

ELECTRONICS



Revision 0.3 MultiMediaCard™

6.2.4 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 func-
tional pins on the bus can be detected.

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 DATO0 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 through Table ). The reverse data pattern sent by the card
may optionally include a CRC16 checksum, which is ignored by the host.

The card has pull ups in all data inputs. 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. .

Data | Data pattern sent by the host | Reversed pattern sent by the card Notes
line
DATO | 0,10xxxxxxxxxx,[CRC16],1 0,01000000,[CRC16],1 Start bit defines beginning of pattern
DATA1 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 6-3 : 1-bit Bus Testing Pattern
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Data | Data pattern sent by the host | Reversed pattern sent by the card Notes
line
DATO | 0,10xxxxxxxxxx,[CRC16],1 0,01000000,[CRC16],1 Start bit defines beginning of pattern
DAT1 | 0,01xxxxxxxxxx,[CRC16],1 0,170000000,[CRC16],1
DAT2 | 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 6-4 : 4-bit Bus Testing Pattern
Data | Data pattern sent by the host | Reversed pattern sent by the card Notes
line
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

Table 6-5 : 8-bit Bus Testing Pattern

6.2.5 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 regis-
ter (using the SWITCH command to do so). After power-on, or software reset, the contents of the BUS_WIDTH byte is
0x00.

The valid values for this register are defined in 'BUS_WIDTH’, in page 86. 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.

6.2.6 Data Read

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 Figure 6-
12 - Figure 6-14). The data transmission 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 Chapter 6.4).
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e 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 con-
tained 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 multiple block r