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512-Mbyte, 1-Gbyte and 2-Ghyte
3.3 V supply Secure Digital™ card

Features

SD memory card specification version 2.00-
standard

Up to 2 Ghytes of formatted data storage

Bus mode

— SD protocol (1 to 4 data lines)
— SPI protocol

Operating voltage range:

— Commands and memory access:
27Vto36V

Variable clock rate: 0 to 25 MHz
Read access (using 4 data lines)

— Sustained multiple block: up to 16 Mbytes/s

Write access (using 4 data lines)
— Sustained multiple block: up to 9 Mbytes/s

Maximum data rate with up to 10 cards

m Aimed at portable and stationary applications

Table 1.

Communication channel protocol attributes:

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

— Error-proof data transfer

— Single or multiple block oriented data
transfer

Device summary

MicroSD

Memory field error correction
Safe card removal during read
Write protect feature using mechanical switch

Built-in write protection features (permanent
and temporary)

MicroSD packages

— ECOPACK® compliant

— Halogen free

— Antimony free

Part number Speed class

Package form factor

Operating voltage range

SMS512DF 2

SMS01GDF 2

SMS02GDF 4

MicroSD 2.7Vto3.6V

November 2008

Rev 3
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Description

1

Description

The secure digital memory card (SD memory card) is a flash-based memory card. It is
specifically designed to meet the security, capacity, performance and environmental
requirements of the latest-generation audio and video consumer electronic devices, that is
mobile phones, digital cameras, digital recorders, PDAs, organizers, electronic toys, etc.

The secure digital memory card is a high-mobility, high-performance, low-cost and low-
power consumption device that features high data throughput at the memory card interface.
It includes a copyright protection mechanism that complies with the security of the SDMI
(Secure Digital Music Initiative) standard. The secure digital memory card security system
uses mutual authentication and a ‘cipher algorithm’ that protects the card from illegal use.
Unsecured access to the user's personal content is also available.

The secure digital memory cards have an advanced communication interface designed to
operate in a low voltage range. The full-size secure digital memory card has a 9-pin
interface whereas the mini secure digital memory card has a 11-pin interface but can be
fitted with a 9-pin adapter. Only the 9-pin interface is described in this document. The
MicroSD memory card has an 8-pin interface, and can also be fitted with a 9-pin adapter.

Table 2, Table 3, Table 4, Table 5, and Table 6 give an overview of the secure digital memory
card features.

The microSD packages are also halogen free and antimony free.

Related documentation
® Secure digital memory card specifications: part 1 physical layer specification, version
2.00

® MicroSD memory card specifications: addendum to SD memory card specifications
part 1, physical layer specification, version 2.01

Table 2. System performance
512 Mbytes 1 Gbyte 2 Ghytes
System performance Unit
Max | Typ Max Typ Max Typ
Sleep to ready 30 30 30 us
. . @ 16 16 16
Sustained multiple block read (107X) (107X) (107X) Mbytes/s
. N 1.8 1.8 1.8
Burst single block read (12X) (12X) (12X) Mbytes/s
. . L) 5 5
Sustained multiple block write (34X) (34X) 9 (60X) | Mbytes/s
. L () 0.3 0.3 0.3
Burst single block write 2X) 2X) 2X) Mbytes/s
Power-up to ready 200 200 200 ms

1. 107X, 60X, 34X, 12X and 2X speed grade markings where 1X = 150 Kbytes/s.
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Table 3. Power consumption(l)
Mode Max. current consumption
Standby 60 pA
Read 40 mA
Write 40 mA

Table 4.

1. TA =25 OC, VDD =3.6V.

Environmental specifications(®

Environmental

UV light exposure

specifications Operating Non-operating
—-25°Cto o 0
Temperature 85 °C -40°Cto85°C
Humidity (non-condensing) NA 85 °C - 85% RH
+4 kV, human body model according to
Contactpads | NA ANS| EOS/ESD-S5.1-1998
ESD - -
protection +8 kV (coupling plane discharge)
Other +15 kV (air discharge) human body model per
IEC61000-4-2
Salt water spray NA T = 35 °C 3% NaCl (MIL Std method 1009)
Vibration (peak-to-peak) NA 15 Gmax
Shock NA 1,000G
Drop 2,000G
) 20N (middle of the card)
Bending NA

20N (border of the card)

254 nm, 15 Ws/cm?

1. NA =not applicable; RH = relative humidity; ESD = electrostatic discharge

Table 5. Physical dimensions

Parameter MicroSD Unit
Width 11 mm
Height 15 mm

Inter connect area 0.7+0.1
Thickness Max. card thickness 0.95 mm
Max. pull area 1.0+£0.1

Weight <1 g
Number of pins 8 N/A

Table 6.

System reliability and maintenance

MTBF()

>1,000,000 hrs

Preventive maintenance

None

Data reliability

1 non-recoverable bit in 1014 bit read

1. MTBF = mean time between failures.
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2 Memory array partitioning

The basic unit of data transfer to/from the SD memory card is the byte. The memory array is
divided into several structures as described below and summarized in Table 7: Memory
array structures.

2.1 Block

The block is the unit structure related to block-oriented read and write commands. Its size is
the number of bytes that are transferred when a block-oriented read or write command is
sent by the host. The SD memory card block size is either programmable or fixed. The
information about allowed block sizes and programmability is stored in the CSD register.
The details of the memory array structure and the number of addressable blocks are shown
in Table 7: Memory array structures.

2.2 Sector

The sector is the unit structure related to the erase commands. Its size is the number of
blocks that are erased at any one time. The sector size is fixed for each device. The
information about the sector size (in blocks) is stored in the CSD register.

2.3 Write protect group (WP-group)

The WP-group is the smallest structure that may be individually protected. Its size is the
number of sectors that are write protected with one bit. The information about the write
protect group size is stored in the CSD register.

Table 7. Memory array structures
Number of structures in 512-Mbyte, 1-Gbyte Number of structures in 2-Gbyte
Type of devices devices
structure
Unit 512-Mbyte 1-Gbyte Unit 2-Gbyte
Blocks 512 bytes 978944 1999872 1024 bytes 1960448
Sector Block 128 128 Block 128
WP-groups Sector 16 32 Sector 64
Protected area Block 10240 28672 Block 20480
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Figure 1.
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3 Secure digital memory card interface

This section applies to the MicroSD card when used with an adapter.

The secure digital memory card has an advanced 9-pin communication interface (clock,

command, 4 data pins and 3 power supply pins) designed to operate in a low voltage range.
The secure digital card has its nine pins exposed on one side (see Figure 2). The signal/pin

assignments are listed in Table 8. The pin types are power supply, input, output and push-

pull. The signals include six communication lines CMD, DATO, DAT1, DAT2, DAT3, CLK and

three supply lines Vpp, Vgg1 and Vggp.

Figure 2.  Full size secure digital memory card form factor

| I
9

SD memory i
card

IIIIIIII Write enable (up)
2345678

Write protect (down)

ai10029

Table 8. Full-size SD memory card pin assighment
SD mode SPI mode
Pin #
Name Type® Description Name | Type Description
1 | cD/DAT3@ | 1/0/PP®)  |Card detect / data line [bit 3] cs | |Chip select (active Low)
2 CMD PP Command/response DI | Data in
3 Vss1 Supply voltage ground Vsg S Supply voltage ground
4 Vbob Supply voltage Vop S Supply voltage
5 CLK | Clock SCLK | Clock
6 Vsso S Supply voltage ground Vsso S Supply voltage ground
7 DATO 1/10/PP Data line [bit 0] DO O/PP |Data out
8 DAT1® I/O/PP  |Data line [bit 1] Reserved
9 DAT2(® I/O/PP  |Data line [bit 2] Reserved

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

2. The extended DAT lines (DAT1-DAT3) are input on power-up. They start to operate as DAT lines after SET_BUS_WIDTH

command.

3. After power-up this line is input with 50 kOhm pull-up (can be used for card detection or SPI mode selection). The pull-up
should be disconnected by the user, during regular data transfer, with SET_CLR_CARD_DETECT (ACMD42) command.

AN numonyx
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Figure 3.  MicroSD pin assignment
— N [s2) < wn © M~ [ee]
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Ai11728
Table 9. MicroSD contact pad assignment
SD mode SPI mode
Pin
Name Type(l) Description Name | Type Description
1 DAT2 | I/O/PP |Data line [bit 2] RSV Reserved
CD/DA | I/O/PP | Card detect / data line .
2 T30 ) [bit 3] CS | Chip select (neg true)
3 CMD PP | Command/response DI I Data in
4 Vbbb S Supply voltage Vop S Supply voltage
5 CLK | Clock SCLK I Clock
6 Vss S Supply voltage ground Vss S Supply voltage ground
7 DATO | I/O/PP |Data line [bit O] DO O/PP |Data out
8 DAT1 RSV Reserved

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

2. The extended DAT lines (DAT1-DAT3) are input on power up. They start to operate as DAT lines after
SET_BUS_WIDTH command. The Host shall keep its own DAT1-DAT3 lines in input mode, as well, while
they are not used. It is defined so, in order to keep compatibility to MultiMediaCards.

3. After power up this line is input with 50 KOhm pull-up (can be used for card detection or SPI mode
selection). The pull-up should be disconnected by the user, during regular data transfer, with
SET_CLR_CARD_DETECT (ACMD42) command.

12/60
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Secure digital memory card bus topology

The secure digital memory card system defines two alternative communications protocols:
SD and SPI that correspond to two operating modes.

Either mode can be selected in the application, mode selection is transparent to the host.
The host automatically detects the operating mode of the card by issuing the Reset
command (refer to Section 7.2.1: Mode selection) and will expect all further communications
to use the same mode. Therefore, applications that use only one communication mode do
not have to be aware of the other.

The SD bus includes the following signals:

® CLK: host to card clock signal

® CMD: bi-directional command/response signal
® DATO - DAT3: 4 bi-directional data signals.

® Vpp, Vss1, Vsso: power and ground signals.

The SD memory card bus has a synchronous star topology (refer to Figure 4: Secure digital
memory card system bus topology) with a single master (the application) and multiple slaves
(the cards). The Clock, power and ground signals are common to all cards. The command
(CMD) and data (DATO - DAT3) signals are dedicated to the cards, they provide continuous
point-to-point connection to all the cards.

During the initialization process, commands are sent to each card individually, allowing the
application to detect the cards and assign logical addresses to the physical slots. Data is
always sent (received) to (from) each card individually. However, in order to simplify the
handling of the card stack, after the initialization process, all commands may be sent
concurrently to all cards. Addressing information is provided in the command packet.

The SD bus allows dynamic configuration of the number of data lines. After power-up the SD
memory card defaults to using only DATO for data transfer. After initialization the host can
change the bus width (number of active data lines). This feature is an easy trade off between
hardware cost and system performance.

13/60




Secure digital memory card interface SMSxxxDF

3.2

14/60

Figure 4. Secure digital memory card system bus topology

HOST
CLK CLK
Vbp Vop SD memory
Ves Vg card (A)
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MultiMediaCard
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CMD(C) 5|

1. DAT1 and DAT2 not connected.
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SD bus protocol

Communication over the SD bus is based on command and data bit streams which are
initiated by a start bit and terminated by a stop bit.

® Command: a command is a token which starts an operation. A command is sent from
the host either to a single card (addressed command) or to all connected cards
(broadcast command). Commands are transferred serially on the CMD line. See
Figure 5: ‘No response’ and ‘no data’ operations.
The command token format is shown in Figure 8.

® Response: aresponse is a token which is sent from an addressed card, or
(simultaneously) from all connected cards, to the host, as an answer to a previously
received command. Responses are transferred serially on the CMD line. A response is
illustrated in Figure 5: ‘No response’ and ‘no data’ operations.
The response token format is shown in Figure 9.

® Data: data can be transferred from the card to the host or from the host to the card.
Data is transferred via the data lines. See Figure 6: (Multiple) block read operation for
an illustration.
The data packet format is shown in Figure 10.

Card addressing is implemented using a session address assigned to the card during the
initialization phase (see Section 4: SD memory card hardware interface). The basic
transaction on the SD bus is the command/response transaction. In this type of bus
transactions, the information is directly transferred within the command or response
structure. In addition, some operations have a data token. Data transfers to/from the SD
memory card are done in blocks. Data blocks are always followed by CRC bits.

Single and multiple block operations are supported. Note that the multiple block operation
mode improves the speed of write operations. A multiple block transmission is terminated by
issuing a STOP_TRANSMISSION command on the CMD line (see Figure 6: (Multiple) block
read operation and Figure 7: (Multiple) block write operation).

AN numonyx




SMSxxxDF

Secure digital memory card interface

Data transfer can be configured by the host to use single or multiple data lines (provided that
the card supports this feature).

A busy signal on DATO is used to indicate that a block write operation is ongoing (see
Figure 7: (Multiple) block write operation). The same busy signaling is used regardless of
the number of data lines used to transfer the data.

Response tokens (see Figure 9: Response token format) have four coding schemes
depending on their content. The token length is either 48 or 136 bits (see SD memory card
specification, chapters 4.7 and 4.9, for detailed definitions of the commands and
responses). The CRC protection algorithm for data block is a 16-bit CCITT polynomial (see
SD memory card specification, chapter 4.5).

On the CMD line, the MSB bit is transmitted first and the LSB bit last. When the wide bus
option is used, the data is transferred 4 bits at a time (refer to Figure 10). Start bits, end bits
and CRC bits, are transmitted on all the DAT lines used. CRC bits are calculated and
checked for every DAT line individually. The CRC status response and busy indication are
sent by the card to the host on DATO only (DAT1-DAT3 are don't care).

Figure 5. ‘No response’ and ‘no data’ operations
from host from host from card
to card to card \v V/TO host
CMD ===-- + Command  |==========+ Command |--| Response  f========~-
AT =777 o Operation o Operaion [T
N . dat
(no response) (no data) A10031
Figure 6. (Multiple) block read operation
from host from card

CMD

DAT

to card o host Data from STOP_TRANSMISSION command
K card to host stops data transfer

-- Command I' | Response  f=f=lr=======mmmmmmmnnnn. Command H Response ===

bl |Data blocleRCI--{Data bIocleRCI'--lData bIocleRCl ----------------- -

«——— Block read operation «—— Data stop operation —»

< Multiple block read operation ———————

ai10032
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Figure 7. (Multiple) block write operation

from host from card Data from CRC all right
to card 7o host host to response STOP_TRANSMISSION command
and busy stops data transfer
from card
CMD -- Command |' | Response I' ------------------------------ Command H Response
DAT ==f======ssssscccccccceeomennn |Data blockl CRCl- -‘I | busy |- -- -|Data blockl CRCl- -| | busy | ----------
< Block write operation > Data stop opgration —»
< Multiple block write operation >
ai10033
Figure 8. Command token format
Transmitter bit
'1' = command from host
Command content: command and address
Start bit information or parameter, protected by 7 bit CRC checksum
. End bit always '1'
always '0 \v f
0|1 CONTENT CRC]1
S = i '
Total length = 48 bits ——— 2110034
Figure 9. Response token format
Transmitter bit
'0' = Card response Response content: mirrored command and status
information (R1 response), OCR register (R3 response)
or RCA (R6 response) protected by 7 bit CRC checksum
Start bit End bit always '1'
always '0' w f
R1, R3, R6 |0]O CONTENT CRC|1
[«—— Total length = 48 bits ——— | End bit always 1 \v
R2 ojo CONTENT = CID or CSD CRC]1
< Total length = 136 bits >
ai10035b
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Figure 10. Data packet format

MSB (bit 4095) LSB (bit 0)
Start bit End bit always '1'
always '0' \ K
Standard bus (only DATO used)| 0 CONTENT CRC| 1

j¢———— Block length ———»

MSB number LSB number
Start bit End bit always '1'
always '0’ w K
DAT3 0 K095 CONTENT 3 JCRC] 1
DAT2 0 K094 CONTENT 2 JCRC] 1
Wide bus (all four data lines used)
DAT1 0 K093 CONTENT 1 |CRC| 1
DATO | 0 092 CONTENT 0 |CRC| 1
l&——  Block length / 4 ———

ai10036h

3.3 SD memory card functional description

All communications between the host and the cards are controlled by the host (master).

The host sends commands of two types:

® Broadcast commands which are intended for all cards. Some of these commands
reguire a response.

® Addressed (point-to-point) commands that are sent to the addressed card and are
followed by a response from the card.

34 Operation modes

Figure 11 and Figure 12 show an overview of the command flow for the card identification
mode and the data transfer mode, respectively.

Table 10 shows the relationship between operation modes and card states. Each state in the
SD memory card state diagram (see Figure 16 and Figure 18) is associated with one
operation mode.
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Table 10. Card states vs. operation modes

Card state Operation mode
Inactive state Inactive
Idle state
Ready state Card identification mode

Identification state

Standby state

Transfer state

Sending-data state

Data transfer mode
Receive-data state

Programming state

Disconnect state

Card identification mode

The host enters the card identification mode after reset and remains in this mode until it has
finished searching for new cards on the bus.

Cards enter the card identification mode after reset and remain in this mode until they
receive the SEND_RCA command (CMD3) (or the SET_RCA command for
MultiMediaCards).

While in card identification mode the host resets all the cards that are in card identification

mode, validates the operation voltage range, identifies every card and asks them to publish
their relative card addresses (RCA). This operation is done separately for each card on its

own CMD line. In this mode, all data communications use the command line (CMD) only.

The host starts the card identification process at the identification clock rate fop. The SD
memory card has push-pull CMD line output drives.

When the communication between the host and the card starts, the host may not know
which voltage is supported by the card and the card may not know whether it supports the
current supplied voltage. The host issues a Reset command (CMDO) with a specified
voltage while assuming it may be supported by the card. Then, the SEND_IF_COND
(CMDS8) is used to verify the SD memory card interface operating condition. In particular, the
card checks the validity of operating condition by analyzing the argument of CMD8 while the
host checks the validity by analyzing the response of CMD8.

The receipt of CMD8 makes the cards realize that the host supports the physical layer
version 2.00 and that the card can enable new functions. It is mandatory to send CMD8
before ACMDA41 for the low-voltage host. If a dual voltage card does not receive CMDS, it
will work as a high-voltage only card and will go to inactive state at ACMDA41.

SD_SEND_OP_COND (ACMDA41) is designed to provide SD memory card hosts with a
mechanism to identify and reject cards that 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 SD memory card specification, chapter 5.1). Cards which can not
perform data transfer in the specified range shall discard themselves from further bus
operations and go into inactive state. The levels in the OCR register shall be defined
accordingly (see SD memory card specification, chapter 5.1). Note that ACMDA41 is an
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application specific command, therefore APP_CMD (CMD55) shall always precede
ACMDA41. The RCA to be used for CMD55 in idle state shall be the card’s default RCA =
0x0000.

After the host issues a reset command (CMDO) to reset the card, the host shall issue CMD8
before ACMDA41 to re-initialize the SD memory card.

The host then issues the ALL_SEND_CID command (CMD2), to every card to get their
unique card identification (CID) numbers. All unidentified cards (which are in ready state)
answer by sending their CID numbers (on the CMD line) and switch to the identification
state. Then the host issues a CMD3 (SEND_RELATIVE_ADDR) command to ask the cards
to publish a relative card address (RCA). The RCA is shorter than the CID, and will be used
to address the card (typically at a clock rate higher than fop) once this is in data transfer
mode. Once the RCA is received the card state changes to standby. At this point, the host
may ask the card to publish another RCA number by sending another
SEND_RELATIVE_ADDR command to the card. The last published RCA is the actual RCA
of the card.

The host repeats the identification process, that is the cycles with CMD2 and CMD3, for
each card in the system. Once all the SD memory cards have been initialized, the host
initializes the MultiMediaCards that are in the system (if any) by issuing CMD2 and CMD3
as explained in the MultiMediaCard specification. Note that in the SD system all the cards
are connected separately so each MultiMediaCard has to be initialized individually.
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Figure 11. SD memory card state diagram (card identification mode)
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1. The card returns busy when:
- the card executes an internal initialization process
- the card is an high capacity SD memory card and the host does not support high capacity
This means that CMD8 is mandatory to initialize high capacity SD memory card.

2. For the host compliant to physical specifications version 2.00, it is mandatory to send CMD8 before ACMDA41.

3.4.2 Data transfer mode

Cards enter the data transfer mode once their relative card addresses (RCA) have been

published.

The host enters the data transfer mode after identifying all the cards on the bus.

20/60

The host issues SEND_CSD (CMD?9) to obtain the contents of the card specific data (CSD)
register for each card. The CSD register contains information like the block length and the
card storage.

Until the host knows the contents of all the CSD registers, the fpp clock rate must remain at
fop because some cards may have operating frequency limitations.

The broadcast command SET_DSR (CMD4) configures the driver stages of all identified
cards. It programs their driver stage registers (DSR) according to the application bus layout
(length), the number of cards on the bus and the data transfer frequency. The clock rate is
changed from fgp to fpp at that point. The SET_DSR command is an option for the card and
the host.
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CMDY7 is used to select one card and switch it to the transfer state. Only one card can be in
transfer state at a given time. If a previously selected card is still in transfer state when the
host uses CMD?7 to switch another card to the transfer state, then the connection between
the previously selected card and the host is released and the card reverts to the standby
state.

When CMD?7 is issued with the reserved relative card address ‘0000h’, all cards revert to the
standby state. This function may be used before identifying new cards, to avoid resetting
already registered cards. When in standby state the cards that already have an RCA do not
respond to identification commands (CMD41, CMD2, CMD3).

Note that a card is deselected when it receives a CMD7 with an RCA that does not match.
Card deselection is automatic if another card in a system is selected and the cards share
the same CMD lines.

So, in an SD memory card system, the host may either have a common CMD line for all SD
memory cards (in which case card deselection is automatic just like in a MultiMediaCard
system) or the host may have separate CMD lines, in which case it must be aware of the
necessity of deselecting cards.

All data communications in the data transfer mode are point-to point between the host and
the selected card (using addressed commands). All addressed commands are
acknowledged by a response on the CMD line.

The relationships between the various states in the data transfer mode are summarized

below (see Figure 12):

® All Data Read commands (CMD17, CMD18, CMD30, CMD56, ACMD51) can be
aborted at any time using the Stop command (CMD12). The data transfer will terminate
and the card will return to the transfer state

® All Data Write commands (CMD24,CMD25, CMD26, CMD27, CMD42, CMD56) can be
aborted at any time using the Stop command (CMD12). The write commands must be
stopped prior to deselecting the card using CMD7

® Assoon as the data transfer has completed, the card switches from the data write state
to either the programming state (if the transfer was successful) or the transfer state (if
the transfer failed)

o If a block write operation is stopped and the block length and CRC of the last block are
valid, the data will be programmed

® The card can provide buffering during block write. This means that the data to be
programmed to the next block can be sent to the card while the previous block is being
programmed.

If all write buffers are full, the DATO line will remain Low (busy) as long as the card is in the
programming state (see Figure 12).

® There is no buffering option for write CSD, write CID, write protection and erase. This
means that while the card is busy with any one of these commands, no other Data
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Figure 12.

Transfer command will be accepted. The DATO line will remain Low as long as the card
is busy and in the programming stat.

Parameter Set commands (CMD16, CMD32, CMD33) are not allowed while the card is
programming

Read commands are not allowed while the card is programming

Switching another card from the standby to the transfer state (using CMD7) will not
terminate erase and programming operations. The card will switch to the disconnect
state and release the DAT line.

A card in the disconnect state can be reselected using CMD7. The card will then revert
to the programming state and reactivate the busy signaling

Resetting a card (using CMDO or CMD15) will terminate any pending or ongoing
programming operation. This may result in the loss of card contents. It is up to the host
to prevent possible data loss.

SD memory card state diagram (data transfer mode)

Card identification mode

Data transfer mode from all states

[ cmps | [cmpis| | empo |

in data transfer mode

CMD13, CMD55

no state transition
in data transfer mode Sending data

state (data)
CMD6,CMD17,
CMD18,CMD30,CMD56(r
CMD12, ACMD13,ACMD22,
'operation ACMD51
complete’
: 1
Standby state Transfer state CMD16,CMD32
(stby) (tran) CMD33,ACMD6
vy ACMD42,ACMD23
L —
y CMD24,CMD25
CMD9 CMD28, 'Operation CMD26,CMD27
CMD10 CMD29 I complete' | |[CMD42,CMD56(w)
CMD3 CMD38 7y
'Operation
complete' Receive data
A state (rcv)

Programming

state (prg) CMD12 or

transfer end

Disconnect state
(dis)

ai10038b

22/60

AN numonyx




SMSxxxDF Secure digital memory card interface
3.5 Commands

Four types of commands are used to control the SD memory card:

1. Broadcast commands (bc), no response: the broadcast feature is available only if all
the CMD lines are interconnected at the level of the host. If they are not interconnected
then each individual card will accept the command in turn

2. Broadcast commands with response (bcr): since there is no open drain mode in SD
memory cards, this type of command is used only if the host does not use a common
CMD line. The command is accepted by every individual card and the responses from
all cards are sent simultaneously

3. Addressed (point-to-point) commands (ac): there is no data transfer on DAT.

4. Addressed (point-to-point) data transfer commands (adtc): there is a data transfer
on DAT.

All commands have a fixed code length of 48 bits for a transmission time of 1.92 us at

25 MHz and 0.96 us at 50 MHz. All commands and responses are sent over the CMD line of

the SD memory card. Command transmission always starts with the most significant bit

(MSB) of the command codeword. All commands are protected by a CRC. All command

codewords are terminated by the end bit (always '1"). Table 11 shows the command format.

All commands and their arguments are specified in the SD memory card specification.

Table 11. SD card command format
Bit position 47 46 45:40 39:8 71 0
Width 1 1 6 32 7 1
Value ‘0’ ‘1 X X X 1
Description Start bit Transmission Cqmmand Argument CRC7 End bit
bit index
3.6 Responses

N numonyx

All responses are sent via the command line CMD. Response transmission always starts
with the leftmost bit of the response codeword. The code length depends on the response
type. A response always starts with a start bit (always '0"), followed by the bit indicating the
direction of transmission (from card ='0").

A value denoted by 'X' in Table 12, Table 13, Table 14 and Table 15 indicates a variable
entry.

All responses (except for R3 responses) are protected by a CRC. All response codewords
are terminated by the end bit (always '1").

There are six types of responses. Their formats are defined as follows:

1. R1(normal response command): the code length is 48 bits. Bits 45 to 40 indicate the
index of the command to respond to. The index is a binary coded number (between 0
and 63). The status of the card is coded in 32 bits (see Table 12).

Note that if data transfer to the card takes place, then a busy signal may appear on the
data line after the transmission of each block of data. The host has to check for busy
after data block transmission
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2. Ribisidentical to R1 with an optional busy signal transmitted on the data line. The
card may become busy after receiving these commands, depending on the state it was
in prior to receiving the command. The host has to check for busy in the response

3. R2 (CID, CSD register): the code length is 136 bits. The contents of the CID register
are sent as a response to the CMD2 and CMD10 commands. The contents of the CSD
register are sent as a response to CMD9. Only the bits [127...1] of the CID and CSD
registers are transferred, the reserved bit [0] of these registers is replaced by the end
bit of the response (see Table 13)

4. R3 (OCR register): the code length is 48 bits. The contents of the OCR register are
sent as a response to ACMDA41 (see Table 14: Response R3).

5. R6 (published RCA response): the code length is 48 bits. Bits 45 to 40 indicate the
index of the command to respond to. In this case it is '000011' (together with bit 5 in the
status bits it means = CMD3) as shown in Table 15: Response R6. The 16 MSB bits of
the argument field are used for the published RCA number

6. R7(card interface condition): the code length is 48 bits. The card support voltage
information is sent by the response of CMD8. Bits 19 to 16 indicate the voltage range
that the card supports. The card that accepted the supplied voltage returns R7
response. In the response, the card echoes back both the voltage range and check
pattern set in the argument.

For more details about response formats, please refer to the SD memory card specification.
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Table 12. Response R1
Bit position 47 46 [45:40] [39:8] [7:1] 0
Width (bits) 1 1 6 32 7 1
Value ‘0 ‘0 X X X ‘1’
Description Start bit Transm|SS|0n Cqmmand Card status CRC7 End bit
bit index
Table 13. Response R2
Bit position 135 134 [133:128] [127:1] 0
Width (bits) 1 1 6 127 1
Value ‘0 ‘0 111117 X ‘1’
CID or CSD
Description Start bit Transmission bit Reserved register incl. End bit
internal CRC7
Table 14. Response R3
Bit position 47 46 [45:40] [39:8] [7:1] 0
Width (bits) 1 1 32 7 1
Value ‘o ‘o 1111117 X 1111171 ‘1
Description Start bit Transg?tlssmn Reserved OCR register Reserved End bit
Table 15. Response R6
Bit position a7 46 [45:40] [39:8] argument field [7:1] 0
Width (bits) 1 1 6 16 16 7 1
Value ‘0 ‘0’ X X X X ‘
New [15:0] Card
Transmission Command published status bits:
Description Start bit bit (‘olgggi(l’) RCA[31:16] | 23, 22, 19 CRC7 End bit
ofthecard | and 12to 0
Table 16. Response R7
Bit position 47 46 [45:40] [39:20] [19:16] [15:8] [7:1] 0
Width (bits) 1 1 6 20 4 8 7 1
Value ‘o ‘o ‘001000’ ‘00000h’ X X X s
Description Start bit Transm|55|on Cqmmand Resgrved Voltage | Echo-back of crC7 | End bit
bit index bits accepted | check pattern
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4

4.1

SD memory card hardware interface

SD memory card bus circuitry

Figure 13 shows the internal bus circuitry required for the SD memory card.

The SD memory card may also feature two additional contacts, that are not part of the
internal circuitry. When present in the device, these contacts are located at the level of the
write protect/card detect switch in the socket, and should be connected as illustrated in
Figure 13.

When DAT3 is used for card detection, the Rpag resistor connected to DAT3 should be
disconnected and another resistor should be connected to ground.

Rpar and Reyp are pull-up resistors used to protect the DAT and CMD lines, respectively,
against bus floating when no card is inserted or when all card drivers are high impedance.
Rwe is used to protect the write protect/card detection switch.

Figure 13. Full size SD memory card circuitry

Vop Voo Vop
R R R Vss
DAT CMD wpP =
Write protect
CMD
DATO-DAT3
SD memory card * A AA

CLK

host l
C3 YY ¥V V)
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4.2 Power-up
The power-up time is defined as the voltage rising time from 0 V to Vpp(min) and depends
on application parameters such as the maximum number of SD cards, the bus length and
the characteristic of the power supply unit.
The supply ramp-up time indicates the time that the power needs to reach the operating
level (the bus master supply voltage) and the time to wait until the SD card can accept the
first command.
The host supplies power to the card so that the voltage reaches Vpp(min) within 250 ms and
starts to supply at least 74 SD clocks to the SD card with keeping CMD line to High. In case
of SPI mode, CS is held to High during 74 clock cycles.
After power-up (including hot insertion) the SD card enters the idle state. In case of SD host,
CMDO is not necessary. In case of SPI host, CMDO is the first command to send the card to
SPI mode.
CMDB8 is newly added in the physical layer specification version 2.00 to support multiple
voltage ranges and to check whether the card supports supplied voltage. The version 2.00
host issues CMD8 and verifies voltage before card initialization. The host that does not
support CMD8 supplies high voltage range.
ACMDA41 is a synchronization command used to negotiate the operation voltage range and
to poll the cards until they are out of their power-up sequence. In case the host system
connects multiple cards, the host checks that all cards satisfy the supplied voltage.
Otherwise, the host should select one of the cards and initialize.
Figure 14. Power-up diagram
Supply voltage
A
VppMax, - - oo __ -
Busmaster| ____________________ L
supply voltage
Valid voltage range for all commands
Vppminl . ___ /. . _
- » time
| _Power-up_|Supply ramp-up| . Time out value for _
~ time | time "~ initialization process(2)
Initialization ACMD]|Necfacmb] Nee [acmp] Neg
sequence [1CMPO [ CeMPE ™ 41 41 41 CMD2
Initialization Optional repetitions of
delay® ACMDA41, until no card
responds with the busy bit set.
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1. Initialization

delay = 1 ms (max) + 74 clock cycles + supply ramp-up time.

2. Timeout value for initialization processis 1 s.
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4.3

4.4

4.5
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Hot insertion/removal

To guarantee a reliable initialization during hot insertion, some measures must be taken on
by the host.

For example, a special hot-insertion capable card connector may be used to guarantee the
sequence of the card pin connection.

The card contacts are connected in three steps:

1. Ground Vgg (pin 3) and supply voltage Vpp (pin 4)

2. CLK, CMD, DATO, DAT1, DAT2 and Vgg (pin 6)

3. CD/DAT3 (pin 1).

Pins 3 and 4 should be connected first on insertion, and be disconnected last on extraction.

Another method is a switch which could ensure that the power is switched on only after all
card pads are connected.

Inserting a card in or removing it from the SD memory card bus with the power on will not
damage the card. Data transfer operations are protected by CRC codes, therefore any bit
changes induced by card insertion and removal can be detected by the SD memory card
bus master.

® The inserted card must be properly reset even when the clock frequency is fpp

® Each card should be fitted with a protection from the power supply to prevent damage
to the card (and host).

® Data transfer failures induced by removal/insertion are detected by the bus master.
They must be corrected by the application, which may repeat the issued command.

Power protection

Cards have to be inserted in or removed from the bus without being damaged. If one of the
supply pins (Vpp or Vgg) is not connected properly, then the current is drawn through a data
line. All the card outputs should also be able to withstand shortcuts to either supply. If the
hot insertion feature is implemented in the host, then the host has to be able to withstand an
instant shortcut between Vpp and Vgg without being damaged.

Electrical specifications

Table 17 defines the bus operating conditions for the SD memory card. The total
capacitance C| of the CLK line of the SD memory card bus is the sum of the bus master
capacitance Cygogst, the bus capacitance Cg 5 and the capacitances Ccprp Of all the cards
connected to this line.

CL = Chost * Cpus * N x Ccarp: Where:

® N is the number of cards connected to the line

® Cyost + Cgus must be lower than 30 pF for up to 10 cards and lower than 40 pF for up
to 30 cards

® The values in Table 17 should not be exceeded.

As the bus can be supplied with a variable supply voltage, all signal levels are related to the
supply voltage. See Figure 15: Bus signal levels and Table 18: Bus signal condition - I/O
signal voltages.
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Table 17. Bus operating conditions

Symbol Parameter Min Max Unit Remark
Peak voltage on all lines -0.3 Vpp+0.3 \Y
Input leakage current -10 10 A
Output leakage current -10 10 A
Vop Supply voltage 2.0 3.6 \%
Supply voltage specified in OCR register
Vss1, Vsso | Supply voltage differentials -0.3 0.3 \Y
Power-up time 250 ms
Rcmp Rpar | Pull-up resistance 10 100 KQ
fop <5 MHz
) . ) 250 PF 21 cards
CL Bus signal line capacitance ;
PP <20 MHz
100 PF 21 cards
Ccarp | Single card capacitance 10 pF
Maximum signal line inductance 16 nH fpp < 20 MHz
RpaT3 Pull-up resistance inside card (pinl) 10 90 KQ
Figure 15. Bus signal levels
v A
Vbp
High ¥ 1 High
input level Vg / v output level
Y 7 I
ViH I
Undefined
Vi A 4
A 7 I
Low VoL * Low
input level / output level
Y Y >
Vss t
ail10044
Table 18.  Bus signal condition - I/O signal voltages
Symbol Parameter Conditions Min Max Unit
VoH High output voltage lon =—100 pA at Vpp(min) 0.75Vpp \Y
VoL Low output voltage loL = 100 pA at Vpp(min) 0.125Vpp \Y
\m High input voltage 0.625Vpp Vpp + 0.3 \Y
Vi Low input voltage Vgs - 0.3 0.25Vpp \Y
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Figure 16. Data input/output timings referenced to clock (default)
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Table 19. Bus timings (default)

Symbol Alt Parameter Condition Min Max | Unit

tikL fep | Clock frequency data transfer mode C card <= 10 pF (1 card) 0 25 MHz

Clock frequency identification mode
fop (the low frequency is required for C card <= 10 pF (1 card) 0 400 kHz
MultiMediaCard compatibility).

tLKH twe | Clock low time C card <= 10 pF (1 card) 10 ns
tHKL twy | Clock high time C card <= 10 pF (1 card) 10 ns
t, trun | Clock rise time C card <= 10 pF (1 card) 10 ns
t trye | Clock fall time C card <= 10 pF (1 card) 10 ns

Inputs CMD, DAT (referenced to CLK)

tovkH tisy | Input set-up time C card <= 10 pF (1 card) 5 ns

tkHoX tiy Input hold time C card <= 10 pF (1 card) 5 ns

Outputs CMD, DAT (referenced to CLK)

tkLDx

¢ topLy | Output delay time C card <= 40 pF (1 card) 14 ns
KLDV

1. Clock CLK: all values are referred to min (V) and max (V|y).
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Figure 17. Data input/output timings referenced to clock (high-speed mode)

— tKLKL
tKLKH < tKHKL
_ \__
tf -t
tQVKH <« tKHOX
Input VALID
Output VALID
KHDV ~ tKHDX

ai14296

Table 20.  Bus timings (high speed)®
Symbol Alt Parameter Condition Min Max | Unit
tkikL fpp Clock frequency data transfer mode C card <= 10 pF (1 card) 0 50 MHz
tkLKH twiL Clock low time C card <= 10 pF (1 card) 7 ns
tKHKL twH Clock high time C card <= 10 pF (1 card) 7 ns
t, try | Clock rise time C card <= 10 pF (1 card) 3 ns
t trye | Clock fall time C card <= 10 pF (1 card) 3 ns
Inputs CMD, DAT (referenced to CLK)
tovkH tisu Input set-up time C card <= 10 pF (1 card) 6 ns
tkHox ty Input hold time C card <= 10 pF (1 card) 2 ns
Outputs CMD, DAT (referenced to CLK)
tkHDV topy | Output delay time C card <= 40 pF (1 card) 14 ns
tkHDX ton Output hold time C card >= 15 pF (1 card) 25 ns
1. Clock CLK: all values are referred to min (V) and max (V).
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Card registers

Six registers are defined in the card interface: OCR, CID, CSD, RCA, DSR and SCR. See
Table 21 for a description.

The registers are accessed by using the corresponding commands. The OCR, CID, CSD
and SCR registers contain the card/content specific information, whereas the RCA and DSR
registers are configuration registers that store the actual configuration parameters.

For more details about the register structure, please refer to the SD memory card
specification version 2.00.

Table 21. SD memory card registers

Name | Width Description

Card identification number register. It contains the card’s individual

cib 128 identification number. It is mandatory.

Relative card address register. It contains the local system address of the
RCAW 16 card, that is dynamically suggested by the card and approved by the host during
initialization. It is mandatory.

Driver stage register. It is used to configure the card's output drivers. It is

DSR 16 .

optional.

Card specific data register. It contains the information about the card’s
CSD 128 . o :

operation conditions. It is mandatory.

SD configuration register. It contains the information about the SD memory
SCR 64 . . s .

card's special feature capabilities. It is mandatory
OCR 32 Operation condition register. It is mandatory.

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

OCR register

The 32-bit operation conditions register contains the Vpp voltage profile of the card. It also
includes a status information bit that goes High (set to ‘1’) once the card power-up sequence
has completed. The OCR register is used by the cards that do not support the full operating
voltage range of the SD memory card bus, or by cards whose power-up sequence does not
match the definition given in Figure 14: Power-up diagram.

Bit 7 of OCR is newly defined for the dual voltage card and set to ‘0’ by default. If a dual
voltage card does not receive CMD8, OCR bit 7 in the response indicates ‘0’, and the dual
voltage card which received CMD8, sets this bit to ‘1’. This register includes bit 30: this bit is
set to ‘1’ if the card is an high capacity SD memory card, while ‘0’ indicates that the card is a
standard capacity SD memory card. The card capacity status bit is valid after the card
power-up procedure is completed and the card power-up status bit is set to ‘1. The host
reads this status bit to identify a standard or high capacity SD memory card.
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Table 22.

OCR register definition

OCR bit position

Vpp Voltage range

AN numonyx

0-3 reserved
4 reserved
5 reserved
6 reserved
7 reserved for low voltage range
8 reserved
9 reserved
10 reserved
11 reserved
12 reserved
13 reserved
14 reserved
15 27Vto28V
16 28Vto29V
17 29Vto3.0V
18 30Vto3.1V
19 31Vto3.2V
20 3.2Vto33V
21 3.3Vto34V
22 34Vto35V
23 35Vto3.6V
24-29 reserved
30 Card capacity status (CCS)
31 Card power-up status bit (busy)
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CID register

The card identification (CID) register contains the card identification information used during
the card identification phase. Each flash memory card should have a unique identification

number. The structure of the CID register is defined in Figure 16.

Table 23. CID fields

Name Field Width CID-slice
Manufacturer ID MID 8 [127:120]
OEM/application ID OID 16 [119:104]
Product name PNM 40 [103:64]
Product revision PRV 8 [63:56]
Product serial number PSN 32 [55:24]
Reserved - 4 [23:20]
Manufacturing date MDT 12 [19:8]
CRC7 checksum CRC 7 [7:1]
Not used, always '1’ - 1 [0:0]

CSD register

The card specific data register provides information on how to access the card contents.

The CSD register defines the data format, error correction type, maximum data access time,
data transfer speed, whether the DSR register can be used etc. The programmable register
parameters (entries with cell type W or R, listed in Table 24) can be changed using CMD27.
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Table 24. CSD fields compatible with CSD structure V1 /MM card specification V2.11
Name Field width | Cell type® | cSD-slice

CSD structure CSD_STRUCTURE 2 R [127:126]
Reserved - 6 R [125:120]
Data read access-time-1 TAAC 8 R [119:112]
(I?\Iaéigi%g)ccess-time-z in CLK cycles NSAC 8 R [111:104]
Max. data transfer rate TRAN_SPEED 8 R [103:96]
Card command classes CCC 12 R [95:84]
Max. read data block length READ_BL_LEN 4 R [83:80]
Partial blocks for read allowed READ_BL_PARTIAL 1 R [79:79]
Write block misalignment WRITE_BLK_MISALIGN 1 R [78:78]
Read block misalignment READ_BLK_MISALIGN 1 R [77:77]
DSR implemented DSR_IMP 1 R [76:76]
Reserved - 2 R [75:74]
Device size C_SIZE 12 R [73:62]
Max. read current @Vpp(min) VDD_R_CURR_MIN 3 R [61:59]
Max. read current @Vpp(max) VDD_R_CURR_MAX 3 R [58:56]
Max. write current @Vpp(min) VDD_W_CURR_MIN 3 R [55:53]
Max. write current @Vpp(max) VDD_W_CURR_MAX 3 R [52:50]
Device size multiplier C_SIZE_MULT 3 R [49:47]
Erase single block enable ERASE_BLK_EN 1 R [46:46]
Sector size SECTOR_SIZE 7 R [45:39]
Write protect group size WP_GRP_SIZE 7 R [38:32]
Write protect group enable WP_GRP_ENABLE 1 R [31:31]
Reserved for MultiMediaCard compatibility | — 2 R [30:29]
Write speed factor R2W_FACTOR 3 R [28:26]
Max. write data block length WRITE_BL_LEN 4 R [25:22]
Partial blocks for write allowed WRITE_BL_PARTIAL 1 R [21:21]
Reserved - 5 R [20:16]
File format group FILE_FORMAT_GRP 1 R/W(1) [15:15]
Copy flag (OTP) COPY 1 R/W(1) [14:14]
Permanent write protection PERM_WRITE_PROTECT 1 R/W(1) [13:13]
Temporary write protection TMP_WRITE_PROTECT 1 R/W [12:12]
File format FILE_FORMAT 2 R/W(1) [11:10]
Reserved - 2 R/W [9:8]
CRC CRC 7 R/W [7:1]
Not used, always '1’ - 1 - [0:0]

1. R =readable, W(1) = can be written once, W = can be written several times.
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54 RCA register
The writable 16-bit relative card address register contains the card address published by the
card during the identification phase. This address is used for addressed host-card
communications after the card identification phase. The default value of the RCA register is
0000h. This value is reserved, the CMD7 command uses it to set all the cards to the standby
state.
5.5 DSR register (optional)
The 16-bit driver stage register is not used in Numonyx cards.
5.6 SCR register
The SD card configuration register (SCR) is a configuration register. The SCR provides
information on the special features that are configured in the SD memory card. The size of
SCR register is 64 bits.
This register is programmed in the factory by the SD memory card manufacturer. Table 25
describes the SCR contents.
Table 25. SCR fields
Description Field Width Cell type(l) SCR slice
SCR structure SCR_STRUCTURE 4 R [63:60]
SD memory card - specification. SD_SPEC 4 R [59:56]
Version
Data_status_after erases DATA_STAT_AFTER_ERASE 1 R [55:55]
SD security support SD_SECURITY 3 R [54:52]
DAT bus width supported SD_BUS_WIDTHS 4 R [51:48]
Reserved - 16 R [47:32]
Reserved for manufacturer usage |— 32 R [31:0]

1. R =readable.
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6 Timings

The symbols listed in Table 26 are used in all timing diagrams.

The difference between P-bits and Z-bits is that P-bits are actively driven to High by the card
or the host output driver whereas Z-bits are driven to High and kept High by the pull-up
resistors Recyp and Rpar: P-bits, which are actively driven High, are less sensitive to noise.
All timing values are defined in Table 27.

Table 26. Timing diagram symbols

Symbol Description
S Start bit (= ‘0")
T Transmitter bit (host = '1', card ='0")
P One-cycle pull-up (= '1%)
E End bit (=1)
Z High impedance state (-> ='1")
D Data bits
X Don't care data bits (from card)
* Repetition
CRC Cyclic redundancy check bits (7 bits)
Card active
Host active
6.1 Command and response
The host command and the card response are both clocked out on the rising edge of the
host clock.
6.1.1 Card identification and operating conditions timings

The timings for CMD2 (ALL_SEND_CID) and ACMDA41 are shown in Figure 18. The
command is followed by two Z-bits (to leave time for the bus to switch direction) and then by
P-bits pushed up by the responding card. The card response to the host command starts
after N|p clock cycles.
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Figure 18. Identification sequence
[¢—— Host command ——»14— N cycles — [ ¢—— CID or OCR —»
cMD |S|T CONTENT |CRC|E|z|z|P|* |P|S|T CONTENT z|z|z
ail0046
6.1.2 Card relative address timings

Figure 19.

The SD memory card timings for CMD3 (SEND_RELATIVE_ADDR) are given in Figure 19.
The minimum delay between the host command and the card response is Ncg clock cycles.

SEND_RELATIVE_ADDRESS command

[¢—— Host command ———»4—N_R cycles —»<4——— Response —————»

cmp  |s|T CONTENT |CRC|E|z|z|P|[ = [P]|S|T CONTENT |CRC|E|z|z]| z
ail0047
6.1.3 Data transfer mode
After publishing its RCA the card switches to the data transfer mode. The command is
followed by two Z-bits (to leave time for the bus to switch direction) and then by P-bits
pushed by the responding card as shown in Figure 20. The timing diagram presented in
Figure 20 applies to all host commands followed by card responses, and to ACMD41 and
CMD2 commands.
Figure 20. Response (data transfer mode)
[¢—— Host command ———»<4—Ny cycles —»4———— Response ——— ¥
cCMD |S|T CONTENT |CRC|E|z|z|P|[ = [P]|S|T CONTENT |CRC|E|z|z]| z
ail0047
6.1.4 Last card response, next host command timings
After receiving the last card response, the host can start the next command transmission
after Ng¢ clock cycles as shown in Figure 21. The timing diagram presented in Figure 21
applies to any host command.
Figure 21. Response end to next CMD start (data transfer mode)
[¢— Response — > 14—Ng cycles —»<4———— Host command ————»
CMD |S|T CONTENT |CRC|E|z| ‘== [z]|S|T CONTENT |CRC|E

ai10048
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6.1.5

Figure 22.

Last host command, next host command timings

The host can send a new command N¢ clock cycles after sending the previous one as
shown in Figure 22.

Command sequence (all modes)

CMD

[—— Host command ———»<4—N cycles —»<4——— Host command ———

S|T CONTENT CRC|E|Z Ak ZIS|T CONTENT CRC| E

ai10049

6.2

6.2.1

Figure 23.

Data read

Single block read

The host selects one card for the data read operation by issuing CMD7, and sets the valid
block length for oriented data transfer by issuing CMD16. Figure 23 shows the timings for a
basing bus read operation. The sequence starts with a Single Block Read command
(CMD17) which specifies the start address in the argument field. The response is sent on
the CMD line.

Data transmission from the card starts Nac after the end bit of the read command, where
Nac is the access time. CRC check bits are appended to the data bits to allow the host to
check for transmission errors.

Single Block Read command

CMD

DAT

[¢—— Host command ———»<—Ny cycles —»4—— Response ————¥

S(T CONTENT CRC|E|Z|Z|P|[*™ |P|S|T CONTENT CRC| E

¢— Njc cycles ——»j<— Read data —»

Zlz\|z Fkkk Zlzlzlzlz|lz]|P FkkFkkkFhk PISID|IDI|D *kk

ai10050

6.2.2

N numonyx

Multiple block read

In multiple block read mode, the card responds to the read command from the host by
sending a continuous flow of data blocks. The data flow is terminated by a
STOP_TRANSMISSION command (CMD12). Figure 24 describes the Multiple Block Read
command followed by the data blocks and Figure 25, the response to a
STOP_TRANSMISSION command. The data transmission stops two clock cycles after the
end bit of the STOP_TRANSMISSION command.
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Figure 24.

Multiple Block Read command

[¢—— Host command —»r¢—

Ncr

—>¢— Response —»
cycles

CMD |S|T

CONTENT [CRC|E Z|P|* S|T| CONTENT [CRC|E

Npc cycles —»——— Read data ——» 14— N, cycles—»r<—Read data —

DAT Z

*kkk Fkkkkkk Fkkkkkk

® P(S CONTENT CRCIE| P P

ai10051

Figure 25.

STOP_TRANSMISSION command (CMD12, data transfer mode)

CMD

DAT

[¢— Host command ———»}4—N_R cycles —»<4———— Response ————»

* * *

S(T CONTENT CRC|E|Z|Z]|P PIS|T CONTENT CRC| E

* k kK k k Kk Kk * k Kk k k Kk kK k Kk kK k k kK k k Kk k k K* Kk *

ai10052

6.3

6.3.1
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Data write

Single block write

The host selects one card for the data write operation by issuing CMD7. The host sets the
valid block length for block oriented data transfer by issuing CMD16. Figure 26 shows the
timings of a basic bus write operation. The sequence starts with a Single Block Write
command (CMD24) which determines (in the argument field) the start address. The card
responds on the CMD line.

Data transfer from the host starts Nyr clock cycles after the card response is received.
CRC check bits are appended to the data sent by the host to allow the card to check for
transmission errors. The card returns the CRC check result as a CRC status token on the
DATO line. If a transmission error occurred, the card returns a negative CRC status ('101"). If
the transmission completed successfully, the card returns a positive CRC status ('010") and
starts programming the data.

If an error occurred while programming the flash memory, the card ignores all further data
blocks. In this case the card will not send any CRC response and so, there will be no CRC
start bit on the bus and the three CRC status bits will read ('111").

Note that the CRC response is always output two clock cycles after the data.

If the card does not have any data receive buffer available, it indicates this condition by
pulling the DATO data line to Low. It will stop pulling DATO to Low as soon as at least one
data receive buffer for the defined data transfer block length becomes available. The level of
DATO does not give any information about the data write status. The host can obtain this
information by issuing a CMD13 (SEND_STATUS) to the card.
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Figure 26. Block Write command

Host
—>e— N —»e¢— Cardr nse —»
command CR Card response

cMD |E|z|z|P|*|P|S|T|CONTENT [CRC|E|Z|Z|P xxxxxxxxxxxxxxxxxxAplplplp|p|p|P|P

(€N, z»T¢—— Write data —— CRC status  «Busy®

DATO (z|z|*******z|Z{Z | *** |Z|Z|Z]|Z|P*P|S| CONTENT [CRC(E|Z|Z|S| Status |E[S|L*L|E|Z

DATL-DAT3 | Z|Z|*******|Z|Z|[Z | *** |Z|Z|Z|Z|P*P|S| CONTENT [CRC|E|Z|[Z|X[X[X|X[X|X X [X]|X|Z

ai10053

6.3.2 Multiple block write

In multiple block write mode, the write command from the host is followed by a continuous
flow of data blocks from the host. The data flow is terminated by a STOP_TRANSMISSION
command (CMD12).

As in the case of a single block write operation, CRC check bits are appended to the data
sent to allow the card to check for transmission errors. The card returns the CRC check
result as a CRC status token on the DATO line.

If a transmission error occurred, the card returns a negative CRC status ('101"). If the
transmission completed successfully, the card returns a positive CRC status ('010") and
starts programming the data.

If an error occurred while programming the flash memory, the card ignores all further data
blocks. In this case the card will not send any CRC response and so, there will be no CRC
start bit on the bus and the three CRC status bits will read ('111").

Figure 27 describes a multiple block data transmission with and without a card busy signal.

Figure 27. Multiple Block Write command

Card
response

CMD |E|1Z|ZIP IE R R E R R EEREEEEREEREER] PIPIPIP|IP| *** %% % %% % %% k&% x%*x* PIPIPIP|P|P|IPI|P|P

N, P14 Write data = CRC status «N,gz»1¢ Write data — CRC status «Busy»r< N,;n ]

DAT [zZ|z|P*P|S|Data+CRC|E(Z|Z|S|Status|E|Z|P * P|S|Data+CRC|E|Z|Z|S|Status|E|S|L*L[{E|Z|P*P

ail005

6.4 STOP_TRANSMISSION command

The STOP_TRANSMISSION command works in the same way as in the read mode.
Figure 28 to Figure 31 describe the timings of the STOP_TRANSMISSION command in
different card states.

The card will consider that a data block was successfully received and is ready for
programming only if the CRC data of the block was validated and the CRC status token,
returned to the host.

Figure 29 is an example of an interrupted (by a STOP_TRANSMISSION command from the
host) attempt to transmit the CRC status token. The result is the same as in other examples
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where the STOP_TRANSMISSION command is implemented: the end bit of the
STOP_TRANSMISSION command from the host is followed, on the data line, by one more
data bit, then an end bit and two Z-bits. The two Z-bits, which correspond to two clock
cycles, are used to switch the bus direction. The received data block is considered
incomplete and will not be programmed.

In the previous stop transmission examples, the host stopped the data transmission during
an active data transfer.

In Figure 30 and Figure 31 the STOP_TRANSMISSION command is received by the card
after all the data blocks have been sent.

In Figure 30, the card is busy programming the last block when the STOP_TRANSMISSION
command is received whereas in Figure 31 the card is idle but the input buffers still contain
data blocks to be programmed. In the second case, the card starts programming the blocks
upon reception of the STOP_TRANSMISSION command and activates the busy signal.

Figure 28. STOP_TRANSMISSION during data transfer from the host
¢—— Host command —»¢———— N cycles ——»<4——— Card response ———; [« Host command
CMD | S| T| CONTENT |CRC|E|Z|z|P| P ****x** P |S|T| CONTENT [CRC [E S| T | CONTENT
[¢——  Card is programming ————
DAT |D|D|D|D|D|D|D|D|D|D|E[Z|Z[S|L| *******&%xk%xdk®xk®xk®x* Elz|lz|Z|z|zZ]|Z]|Z|z

ai09518

Figure 29. STOP_TRANSMISSION during CRC status transfer from card

l«— Host command —»«——————— N cycles ——>}«— Card response —»| le— Host
command
CMD [S|T|CONTENT|CRC|E|Z|zZ|P|] P * * * * x = P [S|T|CONTENT|CRC|E S|T|[CONTENT]
Data CRC . .
oo™ status() le——Card is programming —————»
DAT DDDDDZZSSI&tU%EZZSL KOk kK Gk kR Kk ok ok Kk kR kK ok ok Kk ok E|z|z|z|z|z|zZ|Z|Z

ai10062

1. The card CRC status response was interrupted by the host.

Figure 30. STOP_TRANSMISSION received after last data block with card busy programming

CMD

DAT

l«— Host command —#}«- Ny, cycles »l¢— Card response —| le— Host
command
S|T|CONTENT|CRC|E|Z]|Z|P|* * *[P|S| T [CONTENT|CRC|E S|T|CONTENT

[ &——  Card is programming ———»

kok ok ok ok ok ok ok ok ok ok ok ok ok ok K ok k ok ok ok ok ok ok ok ok okok ok okok ok koKkok K oKkok LIE|Z|Z|Z\Z|Z|Z|Z|Z

ai10063
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Figure 31. STOP_TRANSMISSION received after last data block with card idle

l«— Host command —{«- N cycles »«— Card response — le— Host
command
CMD [S|T|CONTENT|CRC|E|Z|z|P|* * *|P|S|T|CONTENT|CRC|E S| T|CONTENT

[ &——  Card is programming ———»

DAT |zZ|z|z|z|z|zZ|zZ|z|zZ|Z|Z|S|L KRR KKK KK KKK Kk K Kk ok Kk ok LIE|(Z|z|z|z|z|Z|Z|Z

ai10064

6.4.1 Erase, set and clear write protect timings

The host must first tag the start (CMD32) and end (CMD33) addresses of the range to be
erased. The Erase command (CMD38), once issued, will erase all the selected write blocks.
Similarly, Set and Clear Write Protect commands start a programming operation as well.
The card will signal ‘busy’ (by pulling the DAT line Low) for the duration of the erase or
program operation. The bus transaction timings are the same as those given for the
STOP_TRANSMISSION command in Figure 31.

6.4.2 Re-selecting a busy card

When a busy card in disabled state is reselected, it restores its busy signaling on the data
line. The timing diagram for this command / response / busy transaction is the same as that
for STOP_TRANSMISSION command illustrated in Figure 31.

6.5 Timing values

Figure 27 gives all timings.

Table 27.  Timing values

Parameter Min Max Unit
Ncr 2 64 clock cycle
Nip 5 5 clock cycle
Nac 2 Taac + Nsac clock cycle
Nrc 8 - clock cycle
Nce 8 - clock cycle
NwRr 2 - clock cycle
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Serial peripheral interface (SPI) mode

The SPI mode is a secondary communication protocol, which is available in flash memory-
based SD memory cards. The SD memory card SPI implementation uses a subset of the
SD memory card protocol and command set. The advantage of the SPI mode is the
capability of using off-the-shelf host, hence reducing the design-in effort to a minimum. The
disadvantage is the loss of performance (for instance, single data line and hardware CS
signal per card). The SPI mode is selected during the first Reset command after power-up
(CMDO0) and cannot be changed once the part is powered on.

SPI bus topology

The SPI compatible communication mode of the SD memory card is designed to
communicate with an SPI channel, commonly found in various microcontrollers on the
market. The SPI standard defines the physical link only, and not the complete data transfer
protocol. The SD memory card SPI and SD modes use the same command set.

Like all SPI devices, the SD memory card SPI channel uses the four following 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.

All data tokens are multiples of bytes (8 bits) and always byte-aligned to the CS signal. The
card identification and addressing methods are replaced by a hardware Chip Select (CS)
signal. There are no broadcast commands. For every command, a card (slave) is selected
by asserting (active Low) the CS signal (see Figure 32: SD memory card system SPI mode
bus topology). The CS signal must be continuously active for the duration of the SPI
transaction. The only exception occurs during card programming, when the host can de-

assert the CS signal without affecting the programming process. The SPI interface uses 7
out of the 9 SD signals (DAT1 and DAT2 are not used, DAT3 is the CS signal) of the SD bus.
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Figure 32. SD memory card system SPI mode bus topology
HOST
CS(a) cs
Voo Voo SD memory
Vas Vggl card (A)
gLK, DatalN, DataOuf| (SPI mode)
14
\\//DD SD memory
CLK SS card (B)
DatalN |, ELK, DatalN, DataOuf|  (SPI mode)
DataOut [N > Y
TS cs
Yool \ultiMediacard
Vs ©)
<;:LK, DatalN, DataOyq ~ (SPI mode)
i ai10065
7.2 SPI bus protocol
Whereas the SD channel is based on command and data bit streams initiated by a start bit
and terminated by a stop bit, the SPI channel is byte-oriented. Every command or data block
is built up with 8-bit bytes and is byte-aligned to the CS signal (that is, the length is a multiple
of 8 clock cycles).
Like in the SD protocol, messages in the SPI protocol consist of command, response and
data-block tokens. All communications between host and cards are controlled by the host
(master). The host starts every bus transaction by asserting the CS signal Low.
The response behaviors in SPI mode and SD mode differ in three ways. In the SPI mode:
® the selected card always responds to the command
® two additional (8- & 16-bit) response structures are used
® when the card encounters a data retrieval problem, it sends an error response in place
of the expected data block (in the SD mode the card does not respond but implements
a timeout).
In addition to returning a response for every command received, the card returns a special
data response token for every data block received during write operations.
7.2.1 Mode selection

AN numonyx

The SD memory card wakes up in the SD mode. It will enter the SPI mode if the CS signal is
asserted (Low) when the Reset command (CMDO) is received.

The only way to return to the SD mode is to start a new power-down/power-up sequence.

In SPI mode, the SD card protocol state machine does not apply.
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7.2.2 Bus transfer protection

On entering the SPI mode the card defaults to the non-protected mode where there is no
CRC (Cyclic Redundancy Check). So systems using reliable data links are not obliged to
have the hardware and firmware necessary to implement CRC functions.

In non-protected mode, the CRC bits are still present but are don't care. The CRC option
can be turned on and off by the host through the CRC_ON_OFF command (CMD59).

7.2.3 Data read

Single and multiple block read operations are supported in SPI mode. The main difference
with the SD mode is that in SPI mode data and responses to the host are both sent on the
DataOut line. As a consequence the data transfer may be interrupted and the last data
block, replaced by the response to a STOP_TRANSMISSION command.

The basic unit of data transfer is the block. The maximum size of a block is defined in the
CSD register (READ_BL_LEN).

If READ_BL_PARTIAL is set, smaller blocks entirely contained in a physical block (as
defined by READ_BL_LEN) may also be transmitted. Single block read operations are
initiated by issuing the READ_SINGLE_BOCK command (CMD17). The start address can
be any byte in the valid address range of the card. Every block, however, must be contained
in a single physical card sector.

Multiple block read operations are initiated by issuing the READ_MULTIPLE_BLOCK
command (CMD18) and every transferred block has a 16-bit CRC appended to it. The
STOP_TRANSMISSION command (CMD12) will actually stop the data transfer operation
(just like in the SD mode).

Figure 33. Read operation mechanism

from host from card data from card next command
to card to host to host

ai10066

Figure 34. Multiple block read operation

from host from card data from card next command
to card to host to host
Datain =----4 command F==--======mcmeadaammaaaaaaaaabanaas | STOP_TRANSMISSION
Y
Data out ======emaamunnx -I Response |- - -| Data block |CRC H Data block |CRC |- |Data B.H Response |

ai10067
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Figure 35. Read data error

from host fromcard Data error message next command
to card to host from card to host

e KT SOt et B

Data out ========nun-n-- 'I Response |- - -| Data error I -----------------------------

ail0068

7.2.4 Data write
Single and multiple block write operations are supported in SPI mode.

Upon reception of a valid write command, the card sends a response token and waits for a
data block to be sent from the host. Write operations, as illustrated in Figure 36, follow the
same rules as read operations (refer to Section 7.2.4: Data write) as regards the CRC, block
length and start address.

After receiving a data block, the card returns a data response token. If the data block
received contains no error, it is programmed. Throughout the programming operation the
card sends a continuous stream of busy tokens to the host (by holding the DataOut line
Low).

Figure 36. Write operation

Data start data from data from host
from host from card token host Data response to card Data stop

to card to host to card and busy token
from card ﬁ

Data in - Data block [f=========f===- Data block |-============== -
_________________________ Data R Data R
Data out | reséonse Busy |

ai10069

7.2.5 Erase & write protect management

The erase and write protect management procedures are the same in the SPI and SD
modes.

While the card is erasing or changing the write protection bits, it remains in the busy state
and holds the DataOut line Low.

Figure 37. Erase & write protect operations

from host from card from host from card
to card to host to card to host

T S TS I [T S—
Data out Response | Bus
-
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7.2.6

7.2.7

7.2.8

7.2.9

7.2.10

7.3
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Read CID/CSD registers

In SPI mode the CID and CSD registers use a block read operation. When a Read
command is issued, the card returns a response message followed by a 16-byte data block
with a 16-bit CRC.

As Tapc, the data read access time, is stored in the CSD register, it cannot be used as the
read latency of the CSD register. Ncr (see Table 27: Timing values) is used instead.

Reset sequence

The SD memory card requires a defined reset sequence. After power-on reset or CMDO
(software reset) the card enters an idle state. When idle, the only host commands the card
will accept are CMD1 (SEND_OP_COND), ACMD41 (SD_SEND_OP_COND), CMD58
(READ_OCR), and CMD59 (CRC_ON_OFF).

For the thick (2.1 mm) SD memory card - CMD1 (SEND_OP_COND) is also valid - this
means that in SPI mode, CMD1 and ACMDA41 have the same behaviors, but the usage of
ACMDA41 is preferable since it allows easy distinction between an SD memory card and
MMC card. For the thin (1.4 mm) standard size SD memory card, CMD1 is an illegal
command during the initialization that is done after power-on. After power-on, once the card
has accepted valid ACMDA41, it will be able to also accept CMD1 even if used after re-
initializing (CMDO) the card.

In the SPI mode, as opposed to the SD mode, CMD1 (and ACMD41) has no operands and
does not return the contents of the OCR register. Instead, the host may use CMD58
(available in SPI mode only) to read the OCR register.

SEND_IF_COND (CMDB8) is used to verify SD memory card interface operating condition.
The argument format of CMD8 is the same as defined in the SD mode and the response
format of CMD8 is R7 (see SD memory card specification version 2.00).

Memory array partitioning

It is the same as in the SD mode.

Card Lock/Unlock commands

In the SPI mode, the Lock and Unlock commands are the same as in the SD mode.

Application Specific commands

The only difference between the SD and SPI modes is the APP_CMD status bit, which is not
available in the SPI mode.

SPI mode commands

All the SPI commands are 6-byte long. The command always starts with the MSB of the
string, which corresponds to the command code. See Table 28 for details of the command
format.

Like in the SD mode, the commands in the SPI mode are divided into classes. However, the
classes supported by the two modes are different. See Table for details.
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The commands supported in the SPI mode are described in detail in Table . If no argument
is required in the command, the value of the field should be set to '0'. Reserved commands
are reserved in both the MultiMediaCard and SPI modes. The contents of the command
index field are binary: for example, it is '000000' for CMDO and '100111' for CMD39.

For more details about commands and arguments, please refer to the SD memory card
specification.

Table 28. Command format

Bit position 47 46 [45:40] [39:8] [7:1] 0
Width (bits) 1 1 6 32 7 1
Value 0 1 X X X 1
Descriptions Start bit | Transmission bit | Command index Argument CRC7 End bit

Table 29. Command classes in SPl mode

Card Supported commands
CMD Class
class | descr.
(Cco)

011|15(6|8|9(10|12|13|16{17{18(24|25|27|28|29|30|32|33|34|35|36|37|38|42|50(52|53|55|56|57|58|59

Class

0 Basic +|+ +H |+ |+ |+ + |+

Not
supported
in SPI

Class

Class Block read + |+ |+

Not
supported
in SPI

Class

Class .
Block write + + [+ |+

Class
Erase +|+ +

Write
protection + |+ |+
(optional)

Class

Class |Lock card
7 (optional)

Class |Application
8 specific

Not
supported + + |+
in SPI

Class
9

Class

1o [Switch + ++ |+ |+ + +

Class

1 Reserved

1. This command class has been added in specification version 1.10.
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7.4

7.4.1

71.4.2

7.4.3

7.4.4

7.4.5

7.5
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Responses

There are several types of response tokens. As in the SD mode, all are transmitted MSB
first.

R1 format

The card sends this response token after every command except for the SEND_STATUS
command.

R1 format responses are 1-byte long. The MSB is always zero and the other bits indicate
errors, an error being indicated by a '1'".

R1b format

This response token is similar to the R1 format response token but for the option of adding
the busy signal.

The busy signal token can be any number of bytes. A zero value indicates that the card is
busy. A non-zero value indicates that the card is ready for the next command.

R2 format

This response token is 2-byte long. It is sent as a response to the SEND_STATUS
command.

R3 format

This response token is sent by the card when a READ_OCR command is received. The
response length is 5 bytes. The structure of the first byte is identical to that of the R1 format
response. The other four bytes contain the OCR register.

For more details about responses, please refer to the SD memory card specification v.2.00.

R7 format

This response token is sent by the card when a SEND_IF_COND command (CMD8) is
received. The response length is 5 bytes. The structure of the first (MSB) byte is identical to
response type R1. The other four bytes contain the card operating voltage information and
echo back of check pattern in the argument and are specified by the same definition as R7
response in SD mode.

Clearing status bits

In the SPI mode, as described in the previous paragraphs, status bits are reported to the
host in three different formats: R1 format response, R2 format response and data error
token (the same bits may exist in several response types - for instance card ECC failed).

As in the SD mode, error bits are cleared when read by the host, regardless of the response
format.

State indicators are cleared either when read by the host or in accordance with the card
state. For more details, please refer to the SD memory card specification.
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7.6 SPI bus timings
Figure 39 illustrates the basic command/response transaction in SPI mode (that is, when
the card is ready).
Figure 40 describes a command/ response transaction when the card is busy (R1b
response format). For timings, refer to Table 27.
Table 30. SPItiming symbols
S Start bit (=0)
T Transmitter bit (host = 1, card = 0)
P One-cycle pull-up (=1)
E End bit (= 1)
z High impedance stage
D Data bits
* Repeater
Table 31. SPItiming values
Timing Min Max Unit
Ncs 0 8 clock cycles
Ncr 1 8 8 clock cycles
Ncx 0 8 8 clock cycles
Nrc 1 8 clock cycles
Nac 1 Specified in CSD register 8 clock cycles
Nwr 1 8 clock cycles
Nec 0 8 clock cycles
Nps 0 8 clock cycles
Ngr 1 1 8 clock cycles
Figure 38. Host command to card response - card is ready
cs |H Ll Ll ol oy H
e— Ncg —> e— Ngco —>
Datain | X H**H 6-byte command HIH[H|H|H[**sxssxenxx| Haorpy |x X
r— NCR —>
Data out z HI{H[H]|H]|*****x*x**=x H**H 1- or 2-byte response HIH]| H|H z
ail0071b
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Figure 39. Host command to card response - card is busy

cs MLl Kok ok K K K K K ok K K K K K K K K K K Kk K clotototutmlal oot ototol Al
« Nog -] = N —PT<Npg P €N P
Datain |X| H * * H 6-byte command H{H[H[H|H|H|H|H]H|H * * H | X * X |H[H|H|H * H|X]|X
—Ncg—>
Dataout |[Z|Z|H[H|H|H ok ok ok ok ok ok ko H * * H | Response Busy L|z|z|z|Busy|H|H[H|H|Z
ai10072

Figure 40. Card response to Host command

CcS LicfrlolL k k ko k Kk k kK kK k ok kK k k kK k k Kk Kk Kk Kk % LILIHIHIH

Datain [H| H| H|H|H]|H Kok oK K K X K K K % H|H|H|H 6-byte command HIH|H|H[X]|X]X

NRC

Dataout |H| H|H|[H|H 1- or 2- byte response H**H Kok ok ok K K K K Kk HIHIHIHIH]ZI Z

ail0073

7.6.1 Data read timings

The timing diagram for deselecting the card by de-asserting CS after the last card response
corresponds to a standard command-to-response timing diagram as illustrated in Figure 40
During open-ended multiple block read operations, the STOP_TRANSMISSION command
may be sent while the card is transmitting data to the host. In this case, the card stops
transmitting the data block within two clock cycles (the bits in the first byte may not all be set
to '1") and returns the response message after a time measured in numbers of clock cycles
(NcRr)- See Figure 41 for details. For timings, refer to Table 27.

Figure 41. Single block read operation

C_s H L L L * *¥ % % k% k¥ *¥ *¥ ¥ ¥ ¥ k¥ ¥ ¥ ¥ ¥ ¥ *k *x *x * L L L H H H H H
*— Ngs —> [ N —>
Datain |X| H**H Read command |H|H|[H[H|H KR KKK Kk Kk Kok H*H | X[X[X[X
¢— Ncgr — 4— Npc —
Dataout |Z | Z|H|[H|[H]| Hf ******x H**H Card response| H * * H |Datablockl H| H|H|H|Z|Zz]|Z

ail0074
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Figure 42. STOP_TRANSMISSION between blocks during multiple block read

C_SHLL * k k kK k k *k k *k k *k *k *k *k * *k * ¥k *x * * LLLLL
*Nes™
Datain |X [H * H | Read Il H | s xow s wwwww s H|HPTORGEANIH H|H[H|H|H|H

<NCR> ‘NAC’ ‘NAC’ ‘NCR’

Dataout |Z[Z[H|[H|H| **** |H *H regp"gﬂse H * H |Data block| H * H |Data block|H| H * H regpfggse

ai10075

Figure 43. STOP_TRANSMISSION within a block during multiple block read

CcS HILIL k Kk ko k Kk k kK Kk k ok kK k k kK k k Kk Kk Kk Kk % HINERINIR

*Nes™

Datain [X|H * H | o Read ApH|H[H| e THIH[HSTORIRANIH W H HIH|H|H|H|H|H

*Ncr ™ *Nac ™ € Nac ™ < Ncr >

Card Card
Dataout |[Z|Z|H|H|H| **** |H *H response H * H [Datablockl H * H | Data [X|[X|H] * * |H response

ai10076

Figure 44. CSD register read operation

C_S HLLL * k k *k k *k k k k *k *¥ *k *k *k *k * * k¥ * * % LLLHHHH
e N —> <+ Nec™,
Datain |X|H * * H| Readcommand [H|H|H[H|H Kok ok K K K K Xk * H* H [Xx]x]x]x
“—Ncr] €—Ngy—>
Dataout |Z|Z|H[H|H[H| * * * * ** H**H Card response |H * * H [Datablock[H|H|H[H|Z[Z]|Z

ai10077

7.6.2 Data write timings

The host may deselect a card at any moment during single and multiple block write
operations. The card will release the DataOut line one clock cycle after it is deselected (CS
High). To check whether the card is still busy, the host must reselect it by driving CS Low.
The card will then take control of the DataOut line one clock cycle after being reselected. In
multiple block write operations, the timings from the command being issued to the first data
block being transmitted by the card are the same as for single block write operations (see
Figure 45 for details). The timing of stop tran prefixes is the same as that of data blocks.
After the card receives the STOP_TRANSMISSION command, the data on the DataOut line

is undefined for one byte (NgRr), then a busy message may be sent by the card. For timings,
refer to Table 27.
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Figure 45. Single block write operation

CcS HIL k ok k ok k Kk k kK Kk k kK Kk kK k k Kk k Kk Kk k K% NI IR IR INIRGIGIGIIRINENER

[ *Ncs l\Woig [N PNy

Datain |X|H * H |Write command |H|H|[H|H|H|H|H|H * H |Data block|H|H|H[H|H * H|X * X [H|H[H|H

*Ncr> <Ny

Card Data
Dataout |(Z|Z|H[H|H *ok kK H*H response H[H|H[H|H|H|H response Busy [L|Z|Z]z|Busy|H

ai10078

Figure 46. Multiple block write operation

CcS Lf* %% %% %% % %% %% xxx*xxxxx|p(pfojoiefeleieiejefefefeieieiefeielele

‘NWR-’ ‘NWR-’

5TOP TH

Datain |H|Datablock|H|H[H|H|H|H|H|H * H |Data block|H|H|H|H|H|H|[H|H * H oMD

Data Data N
response | BUsY [H|H|H[H[H|H|H Busy |H[H|H|[H|H|H|X * X |Busy

Dataout |H|H|H|H response

T

ai10079
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Package mechanical data

To meet environmental requirements, Numonyx offers these devices in ECOPACK®
packages. ECOPACK packages are lead-free. The category of second level interconnect is
marked on the package and on the inner box label, in compliance with JEDEC Standard
JESD97. The maximum ratings related to soldering conditions are also marked on the inner
box label.

Figure 47. MicroSD card mechanical dimensions

A3

A2 C1 Al

A4 A5 C2 R3 R4

1
i
i
i
i
i i
i i
i i
B A i NI i I b | Rris
i i
i i
i i
i i
| !
i

B11

R11

R5 A R6

MICRO SD
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Table 32.  MicroSD package mechanical data
millimeters inches
Symbol
Min Typ Max Min Typ Max
A 10.90 11.00 11.10 0.429 0.433 0.437
Al 9.60 9.70 9.80 0.378 0.382 0.386
A2 - 3.85 - - 0.152 -
A3 7.60 7.70 7.80 0.299 0.303 0.307
A4 - 1.10 - - 0.043 -
A5 0.75 0.80 0.85 0.030 0.031 0.033
A8 0.60 0.70 0.80 0.024 0.028 0.031
B 14.90 15.00 15.10 0.587 0.591 0.594
B1 6.30 6.40 6.50 0.248 0.252 0.256
B2 1.64 1.84 2.04 0.065 0.072 0.080
B3 1.30 1.50 1.70 0.051 0.059 0.067
B4 0.42 0.52 0.62 0.017 0.020 0.024
B5 2.80 2.90 3.00 0.110 0.114 0.118
B7 0.20 0.30 0.40 0.008 0.012 0.016
B8 1.00 1.10 1.20 0.039 0.043 0.047
B10 7.80 7.90 8.00 0.307 0.311 0.315
B11 1.10 1.20 1.30 0.043 0.047 0.051
c 0.17 0.21 0.25 0.007 0.008 0.010
C1 0.60 0.70 0.80 0.024 0.028 0.031
Cc2 0.20 0.30 0.40 0.008 0.012 0.016
C3 0.90 1.00 1.10 0.035 0.039 0.043
R1 0.20 0.40 0.60 0.008 0.016 0.024
R2 0.20 0.40 0.60 0.008 0.016 0.024
R3 0.70 0.80 0.90 0.028 0.031 0.035
R4 0.70 0.80 0.90 0.028 0.031 0.035
R5 0.70 0.80 0.90 0.028 0.031 0.035
R6 0.70 0.80 0.90 0.028 0.031 0.035
R7 29.50 30.00 30.50 1.161 1.181 1.201
R10 - 0.20 - - 0.008 -
R11 - 0.20 - - 0.008 -
R17 0.10 0.20 0.30 0.004 0.008 0.012
R18 0.20 0.40 0.60 0.008 0.016 0.024
R19 0.05 - 0.20 0.002 - 0.008
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Ordering information

Table 33. Ordering information scheme
Example: SMS  02G

Memory card standard

SMS = storage medium, secure digital

Density

512 = 512 Mbytes
01G =1 Ghyte
02G = 2 Gbytes

Options of the standard

D = MicroSD

Memory type

F = flash memory

Card version

A, B = version depending on internal card configuration

Temperature range

5=-25t085°C

Packing

E = ECOPACK package, standard packing (tray)

Other digits may be added to the ordering code for preprogrammed parts or other options.

Devices are shipped from the factory with the memory content bits erased to '1’.

For further information on any aspect of the device, please contact the nearest Numonyx

sales office.
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Appendix A Power supply decoupling
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The Vgg1, Vggo and Vpp lines supply the card with the operating voltage. To do this,
decoupling capacitors for buffering current peak are used. These capacitors are placed on

the bus side corresponding to Figure 48.

Figure 48. Power supply decoupling

single card slot

l: ] Vss:
Tlc
: El Vss SD memory card
l
: El Vss2
1

: single card slot

Ai11729

The host controller includes a central buffer capacitor for Vpp,. Its value is 1 pF/slot.
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10 Revision history
Table 34. Document revision history
Date Revision Changes
10-Apr-2008 1 Initial release.
Modified: read and write access for sustained multiple block on
page 1, Table 1: Device summary, Table 2: System performance,
e Table 3: Power consumption, Table 7: Memory array structures,
25-Jun-2008 2 and title of Table 19: Bus timings (default).
Added Figure 17: Data input/output timings referenced to clock
(high-speed mode) and Table 20: Bus timings (high speed).
20-NoV-2008 3 Document’s status promoted from preliminary data to full
datasheet.
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Please Read Carefully:

INFORMATION IN THIS DOCUMENT IS PROVIDED IN CONNECTION WITH NUMONYX™ PRODUCTS. NO LICENSE, EXPRESS OR
IMPLIED, BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS DOCUMENT. EXCEPT
AS PROVIDED IN NUMONYX'S TERMS AND CONDITIONS OF SALE FOR SUCH PRODUCTS, NUMONYX ASSUMES NO LIABILITY
WHATSOEVER, AND NUMONYX DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY, RELATING TO SALE AND/OR USE OF
NUMONYX PRODUCTS INCLUDING LIABILITY OR WARRANTIES RELATING TO FITNESS FOR A PARTICULAR PURPOSE,
MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

Numonyx products are not intended for use in medical, life saving, life sustaining, critical control or safety systems, or in nuclear facility
applications.

Numonyx may make changes to specifications and product descriptions at any time, without notice.

Numonyx, B.V. may have patents or pending patent applications, trademarks, copyrights, or other intellectual property rights that relate to the
presented subject matter. The furnishing of documents and other materials and information does not provide any license, express or implied,
by estoppel or otherwise, to any such patents, trademarks, copyrights, or other intellectual property rights.

Designers must not rely on the absence or characteristics of any features or instructions marked “reserved” or “undefined.” Numonyx reserves
these for future definition and shall have no responsibility whatsoever for conflicts or incompatibilities arising from future changes to them.

Contact your local Numonyx sales office or your distributor to obtain the latest specifications and before placing your product order.

Copies of documents which have an order number and are referenced in this document, or other Numonyx literature may be obtained by
visiting Numonyx's website at http://www.numonyx.com.

Numonyx StrataFlash is a trademark or registered trademark of Numonyx or its subsidiaries in the United States and other countries.
*Other names and brands may be claimed as the property of others.

Copyright © 11/5/7, Numonyx, B.V., All Rights Reserved.
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