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Disclaimer:

ATP Electronics Inc. shall not be liable for any errors or omissions that may appear in this document, and
disclaims responsibility for any consequences resulting from the use of the information set forth herein.

ATP may make changes to specifications and product descriptions at any time, without notice. The information
in this paper is furnished for informational use only so ATP assumes no responsibility or liability for any errors
or inaccuracies that may appear in this document.

All parts of the ATP documentation are protected by copyright law and all rights are reserved. This
documentation may not, in whole or in part, be copied, photocopied, reproduced, translated, or reduced to
any electronic medium or machine-readable form without prior consent, in writing, from ATP Electronics, Inc.

The information set forth in this document is considered to be “Proprietary” and “Confidential” property

owned by ATP.

© Copyright ATP All rights reserved.

Revision History

Date Version Changes compared to previous issue
- Customized Specification for Advantech
Dec. 20" 2016 3.9 - OEM PN AF512UDI-ADV002 added

- OEM PN AF1GUDI-ADV002 added
- OEM PN AF2GUDI-ADV002 added
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1.0 ATP Industrial Grade microSD Card Overview

1.1 ATP Product Availability
iCro
m 2GB

4

Industrial Grade

ms';' 168

Industrial Grade

ms.'a 512mB

Industrial Grade

Figure 1-1: Product Pictures
ATP P/N CAPACITY
AF512UDI-ADV002 512MB
AF1GUDI-ADV002 1GB
AF2GUDI-ADV002 2GB
Table 1-1: Capacities

ATP Confidential © ATP Electronics, Inc
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1.2 Main Features

Compliant with SD Specification version 2.0
Supports SD mode, SPI mode
High reliability, operating at -40°C to 85°C

Single-Level-Cell (SLC) NAND Flash memory
Water proof, Dust proof and ESD Resistant

SIP (System In Package) process
Enhanced endurance by Advanced Dynamic/ Static Wear Leveling algorithm

Read Disturb Protector -AutoRefresh technology to ensure data integrity especially in frequent
read operations
Enhanced power cycling support

Support BCH ECC engine up to 72bit/1KByte
Support CPRM

RoHS compliant

CE & FCC certification

Compact form factor : 15mm x 11mm x 1.0mm
Controlled BOM

Customized service: adjustable CID registers, firmware & setting and label by projects

1.3 Application

ATP Industrial Grade microSD cards are designed for demanding industrial applications, such as
handheld computing, military/aerospace, aviation, automotive, marine navigation, embedded
systems, communication equipment or networking, medical equipment, and automation, where
mission-critical data requires the highest level of reliability, durability, and data integrity.

ATP Confidential © ATP Electronics, Inc. Page 3 of 80
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2.0 Product Specifications

2.1 Environment Specifications

Type Measurement
Temperature Operation -40°C to 85°C
Non-Operation | -55°C to 90°C
o Operation 8% 95% relative humidity, non-condensing
Humidity

Non-Operation

8% 95% relative humidity, non-condensing

Random Vibration Test

Non-Operation

10~2000Hz, 6Grms, 30mins per axis

Bend Test

Non-Operation

10N to the center of the card

Torque Test

Non-Operation

0.1N-m or +/-2.5°

Salt Spray Test
(MIL-STD-883G
Method1009.8)

Non-Operation

35°C,Over 85% RH,3% Salt Concentration,
24 hours

UV Light Exposure Test
(1ISO 7816-1)

Non-Operation

254nm, 15Ws/cm?2

Drop Test

Non-Operation

150cm/Free fall, total 6 drops

2.2 Extra Features

Table 2-1: Environment

Type

Measurement

Water Proof

water, 30min

IEC 60529 Edition 2.1: 2001-02—IPX7, below 1000mm

Dust Proof

IEC 60529 Edition 2.1: 2001-02—IP5X

ESD Resistant

IEC 61000-4-2:

contact pad +/- 4KV,
non-contact pad (Coupling plane discharge) +/- 8KV,
non-contact pad (Air discharge) +/- 15KV

RoHS Compliant

Yes

Table 2-2: Extra Features

ATP Confidential © ATP Electronics, Inc.

Page 4 of 80



ATP Industrial Grade
microSD Card Specification
Version 3.9_ADV

2.3 Reliability

Type

Measurement

Number of insertions

10,000 minimum

Advanced Dynamic / Static Wear Leveling algorithm

Endurance 100K P/E cycles per Block
10 Terabytes random write
512MB - -
20 Terabytes sequential write
TBW 1GB 20 Terabytes random write
(Total Bytes Written) 40 Terabytes sequential write
>GB 40 Terabytes random write
80 Terabytes sequential write

MTBF(@ 25°C)

>5,000,000 hours

Note 1:

Table 2-3: Reliability

TBW (total bytes written) is an index of how many TB (Terabytes) can be used for written under product life time.
The endurance for flash cards can be predicted based on the usage conditions applied to the device, the internal NAND

flash cycles, the write amplification fact

or, and the wear leveling efficiency of the flash devices.

Above TBW is for reference only. Please contact ATP for TBW in real applications.

1 TeraBytes = 1000 GigaBytes (Disk storage)

Note 2:

MTBF highly depends on testing method. All ATP products are tested with Bellcore Method Il (Combines Method |
<Parts Count> predictions with laboratory data).

2.4 Electrical Characteristics

Type

Measurement

Card supporte

d Voltage 2.7~3.6V

Card supported

Frequency 0~50 MHz

Data Bus Width

Supported 1 or 4 bits

ATP Confidential © ATP Electronics, Inc

Table 2-4: Electrical Characteristics
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2.5 Data Retention

Endurance Used Number of P/E Cycles Used Corresponding Data Retention at
(NAND Flash block level) 25 °C use condition

= 10% P/E cycles =< 10,000 Cycles 10 years

> 10% P/E cycles >10,000 Cycles~ 100,000 Cycles 1 year

Table 2-5: Data Retention

Note 1: Data retention refers to the ability of a memory bit to retain its data state over a period of time after the data is

written in NAND Flash regardless of whether the part is powered on or powered off.
A data retention failure is when there is at least 1 bit of data that cannot be read or is read incorrectly.

Note 2: NAND Flash suppliers refer to JEDEC JESD47 & JESD22 for Data Retention testing.

2.6 Performance

Capacity Seq. Read Seq. Write
(MB/s) (MB/s)
512MB 23.75 15.50
1GB 24.01 17.96
2GB 24.01 17.97

Table 2-6: Performance

Note: Tested by CrystalDiskMark with 1000MB file size. The performance may vary depending on the configuration,
firmware, setting, application and test environment.

2.7 Advanced Dynamic/ Static Wear Leveling- Longer Life Expectancy

The program / erase cycle of each sector/page/block is finite. Writing constantly on the same
spot will cause the flash to wear out quickly. Furthermore, bit errors are not proportioned to P/E
cycles; sudden death may occur when the block is close to its P/E cycle limit. Then unrecoverable bit
errors will cause fatal data loss (especially for system data or FAT).

Advanced Dynamic/ Static wear leveling algorithm evenly distributes the P/E cycles of each block
to minimize the possibility of one block exceeding its max P/E cycles before the rest. In return, the life
expectancy of memory storage device is prolonged and the chance/occurrence of unrecoverable bit

errors could be reduced.

ATP Confidential © ATP Electronics, Inc. Page 6 of 80
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2.8 Read Disturb Protector — AutoRefresh Technology — Ensure Data Integrity

Over time the error bits accumulate to the threshold in the flash memory cell and eventually
become uncorrectable despite using the ECC engine. In the traditional handling method, the data is
moved to a different location in the flash memory; despite the corrupted data is beyond repaired
before the transition.

The situation is worse in frequent read applications, such as navigation systems or OS boot-up
devices. The map or operation system is preloaded into the SD/microSD card and there may be one
time write and following by read operation only. Read disturbance is the result of electrical
interference from multiple read operations in surrounding pages. After NAND flash accumulates
100,000 read cycles, uncorrectable ECC errors may occur in the affected pages which results in data
failure in the same block.

To prevent data corruption, ATP microSD/SD card monitors the error bit levels in each read
operation; when it reaches the preset threshold value, AutoRefresh is activated by programming the
data into another block before the data is corrupted. After the re-programming operation is
completed, the controller reads the data and compares the data/parity to ensure data integrity.

Owing to different user experiences, please contact ATP for AutoRefresh in real applications.

2.9 Physical Dimension (Units in MM)

Type Measurement
Length 15mm +/- 0.1mm
Width 11mm +/- 0.1mm

Thickness 1.0mm +/- 0.1mm
Weight 0.4 g Max.

Table 2-9: Physical Dimension

ATP Confidential © ATP Electronics, Inc. Page 7 of 80
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2.10 Mechanical Form Factor (Units in MM)

. m m
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E10 i
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Figure 2-10: Dimensions of microSD (Bottom View)
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Figure 2-11: Dimensions Of microSD (Top View)
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COMMON DIMENSIONS
SYMBOL| _MIN_| NOM | MAX NOTE R 020 [ 040 | 060
A 10.90 | 11.00 | 11.10 R2 0.20 [ 040 | 060
Al 960 | 9.70 | 9.80 R3 0.70 | 0.0 | 0.90
A2 - 3.65 - BASIC R4 070 | 050 | 0.90
A3 760 | 770 | 7.80 R 070 | 0.0 | 0.90
AL - 1.10 - BASIC R6 070 | 080 | 090
AG 075 | 080 | 085 R7 2950 | 30.00 | 30.50
A6 - : B.50 R10 - 0.20 -
AT 0.90 i - R11 - 0.20 -
AB 060 | 070 | D80 RI7 0.10 [ 0.20 | 0.30
AD 0.80 - _ R1B 020 | 040 | 060
B 14.90 | 15.00 | 15.10 R19 0.05 - 0.20
B1 530 | 640 | 650
B2 164 | 184 | 204
B3 130 | 150 | 1.70
B4 042 | 052 | 062
B5 280 | 290 | 300
B6 550 i -
B7 020 | 0230 | 040
B8 100 | 1.10 | 1.20
B9 - 2 9.00
B10 780 | 7.90 | B.00
B11 110 | 120 | 1.30
C 000 | 1.00 | 1.10
Cl 060 | 070 | 080
C2 020 | 030 | 040
C3 0.00 N IRE

Page 10 of 80
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3.0 Electrical Characteristics

3.1 DC Characteristics
VDD
input high IeveIT Iou:put high level
IUﬂdEfir‘lEd
input low Ievell Iou:put low level
WSS
Figure 3-1: Bus Signal Level
Parameter Symbol Min Typical Max Unit Remark
Supply Voltage Vop 2.7 3.3 3.6 Vv
Operating Current* lect - 50 - mA
Standby Current Isg - - 200 LA
Input Leakage Current I -10 - 10 nA
Output Leakage Current lo -10 - 10 LA
Input High Voltage ViH 0.625 x Vpp - Vpp + 0.3 Vv
Input Low Voltage Vi Vss -0.3 - 0.25x Vpp Vv
Output High Voltage Vou 0.75x Vpp - - Vv
Output Low Voltage VoL - - 0.125 x Vpp Vv

Note*: Operation current might subject to working configuration and applications, and is highly dependent on density.
Please contact ATP for detailed information.

ATP Confidential © ATP Electronics, Inc.

Table 3-1: DC Characteristics
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3.2 AC Characteristics

Default Bus Timing(Backward Compatible):

fop
U e fw twH q
[ VlH
Clock
\ — v IL
PGS |t
tisu ) s
V|H
Input
v IL
VOH
Output
VOL
tooLy(man tooLy(min

Shaded areas are not valid

Figure 3-2: Timing diagram data input/output referenced to clock (Default)

Parameter Symbol |Min Max. Unit Remark
Clock CLK (All values are referred to min (V|4) and max (V/_),
Clock frequency Data Transfer Mode fep 0 25 MHz |Ccaro= 10 PF
(1 card)
Clock frequency ldentification Mode fop 0(1)/100 | 400 kHz |CcarpS 10 PF
(1 card)
Clock low time twiL 10 ns Cecarp = 10 PF
(1 card)
Clock high time twH 10 ns Cearp < 10 PF
(1 card)
Clock rise time tTLH 10 ns Cearp = 10 pF
(1 card)
Clock fall time tTHL 10 ns |Ccarp =10 PF
(1 card)
Inputs CMD, DAT (referenced to CLK)

ATP Confidential © ATP Electronics, Inc. Page 12 of 80



ATP Industrial Grade
microSD Card Specification
Version 3.9_ADV

Parameter Symbol |Min Max. Unit Remark
Input set-up time tisu 5 ns Cenro = 10 PF
(1 card)
Input hold time tiH 5 ns Cearp < 10 PF
(1 card)
Outputs CMD, DAT (referenced to CLK)
Output Delay time during Data Transfer Mode | topLy | O 14 ns c_<40pF
(1 card)
Output Delay time during Identification Mode | topLy 0 50 ns c 40 pF
(1 card)

Table 3-2: Bus Timing - Parameters Values (Default)

(1) OHz means to stop the clock. The given minimum frequency range is for cases were continues clock is required.

ATP Confidential © ATP Electronics, Inc. Page 13 of 80
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High Speed Mode Bus Timing:

——— e —— -

I
50%Vip : o o i
!

A

\ / \
~_ _ __ _ - IH
Clock r‘/ /
_J / v
triL trH
tisu L tH
~ Vi
Input
ML
o
Output
VOL
< tooLy > » ItOH

Shaded areas are not valid

Figure 3-3: Timing diagram data input/output referenced to clock (High-Speed)

Parameter Symbol [Min Max. Unit Remark

Clock CLK (All values are referred to min (V) and max (V|.),

Clock frequency Data Transfer Mode fep 0 50 MHz |Ccarp = 10 PF
(1 card)

Clock low time twL 7 ns Cearp < 10 PF
(1 card)

Clock high time twH 7 ns |Ccaro= 10 PF
(1 card)

Clock rise time tTLH 3 ns Cenrp = 10 PF
(1 card)

Clock fall time tTHL 3 ns Cearp < 10 PF
(1 card)

Inputs CMD, DAT (referenced to CLK)

Input set-up time tisu 6 ns Cearp < 10 PF
(1 card)
Input hold time tiH 2 ns Ccarp < 10 PF

ATP Confidential © ATP Electronics, Inc. Page 14 of 80



ATP Industrial Grade
microSD Card Specification

Version 3.9_ADV
Parameter Symbol [Min Max. Unit Remark
(1 card)
Outputs CMD, DAT (referenced to CLK)
Output Delay time during Data Transfer Mode | topLy 14 ns C_ =40 pF
(1 card)
Output Hold time toH 2.5 ns CLz= 15pF
(1 card)
Total System capacitance for each line' CL 40 pF 1 card

Table 3-3: Bus Timing - Parameters Values (High Speed Mode)

(1) In order to satisfy severe timing, host shall drive only one card.

ATP Confidential © ATP Electronics, Inc.
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4.0 microSD Card Hardware System

4.1 microSD Card Description

1 2 3 4 5 & 7 3
A A A ¥ J_ A A
Voo
— r r
DAT 2 DAT 3 DATO
v M DAT 1
CMD CLK
OCR[310] [«
CID[270 | Card s
interface k]
RCA [150] AR g controller 2
DSE 1501 g 3
| cSDOatm e reset M— 5
omwn  Jed 5
SSRIS11:0] ;3
CSRI3L:01 [
‘ Memory core interface reset |4——

v

Memary Caore

Figure 4-1: microSD Card Function Block Diagram

Pin SD Interface SPI Interface

# Name Type' | Description Name |Type' | Description

1 DAT2 1/O/PP Data Line [Bit 2] RSV

2 CD/DAT3* | 1/0/PP® | Card Detect / Data Line | CS X Chip Select (Active Low)
[Bit 3]

3 CMD PP Command/ Response DI | Data In

4 Voo S Supply Voltage Voo S Supply Voltage

5 CLK I Clock SCLK | Clock

6 Vss S Supply Voltage Ground | Vs S Supply Voltage ground

7 DATO I/O/PP | Data Line [Bit 0] DO o/PP Data Out

8 DAT1 I/O/PP Data Line [Bit 1] RSV

2) The extended DAT Lines (Datl-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

Table 4-1: Pad Assignment
1) S:power supply; I: input; O; output using push-pull drivers; PP: 1/0 using push-pull drivers;

used. It is defined so, in order to keep compatibility to MultiMediaCards.

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

Each card has a set of information registers. Please refer to chapter 5 for the details of registers.

ATP Confidential © ATP Electronics, Inc.
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Name Width Description

CID 128 Card identification number; card individual number for identification.

Relative card address; local system address of a card, dynamically
suggested by the card and approved by the host during initialization.

CsD 128 Card Specific Data; information about the card operation conditions.
microSD Configuration Register; information about the SD Card’s

RCA 16

SCR 64 Special Features capabilities.

OCR 32 Operation conditions register.

SSR 512 microSD Status; information about the card proprietary features.
CSR 32 Card Status; information about the card status.

Table 4-2: microSD Card registers

4.2 microSD BUS Topology

The microSD Card bus has a single master (application), multiple slaves (cards), synchronous star
topology. Clock, power and ground signals are common to all cards. Command (CMD) and data (DATO
- DAT3) signals are dedicated to each card providing continues point to point connection to all the
cards.

During 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 simply 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.

microSD bus allows dynamic configuration of the number of data lines. After power up, by default,
the microSD Card will use only DATO for data transfer. After initialization the host can change the bus
width (number of active data lines). This feature allows easy trade off between HW cost and system
performance.

Note that while DAT1-DAT3 are not in use, the related Host’s DAT lines should be in tri-state (input
mode).

ATP Confidential © ATP Electronics, Inc. Page 17 of 80
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HOST
CLK CLE
P 5
2z e 55 SD Memory
Card (&)
DO-3(A), DO-D3. CMD,,
CMD{A) ¥
CLE
| '
| At e SD Memory
Card (B)
0aO-2(B), 00-D3, CMD B
CMD{B) ¥
CLE
Vdd
Waes | MuliMediaCard
()
D0-3(C) 0.C5. CMOw| 1202 Mot
CMD{C) Connected

Figure 4-2: microSD Card system bus Topology

4.3 microSD Card Hardware Interface

The microSD Card has six communication lines and three supply lines:

e CMD: Command is a bidirectional signal. The host and card drivers are operating in push pull mode.
e DATO-3: 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

e VDD: VDD is the power supply line for all cards.

e VSS1, VSS2 are two ground lines.

In addition to those lines that are connected to the internal card circuitry there are two contacts of
the Write Protect/Card Detect switch that are part of the socket. Those contacts are not mandatory
but if they exist they should be connected as given in the following figure. When DAT3 is used for card
detection, Rpar for DAT3 should be unconnected and another resistor should be connected to the
ground.

Roatr and Remp 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. The host shall pull-up all
DATO-3 lines by RDAT, even if the host uses microSD Card as 1 bit mode- only in SD mode. Also, the
host shall pull-up all "RSV" lines in SPI mode, even though they are not used. Ryp is used for the Write
Protect/Card Detection switch.
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Figure 4-3: Bus circuitry diagram

4.4 Bus Signal Line Load

The total capacitance CL of each line of the microSD bus is the sum of the bus master capacitance
Chost, the bus capacitance CBUS itself and the capacitance Ccarp Of each card connected to this line:

C. = Chost + Caus + N*Cearo

N is the number of connected cards.

Parameter Symbol Min Max. Unit Remark
Pull-up resistance for CMD Remp 10 100 Kohm to preve.nt bus
floating
Pull-up resistance for DAT Rpat 10 100 Kohm to preve.nt bus
floating
Total bus capacitance for 1 card
e pnal o C 40 oF CHOST+CBUS shall
g not exceed 30 pF
Single card capacitance Ccarp 10 pF
Maxi ional li
aX|.mum signal line 16 nH f.n <= 20 MH2
inductance
Pull-up re5|st§nce inside card RDAT3 10 90 Kohm May be used_ for
(pin1) card detection

Table 4-3: Bus Signal Line Load

ATP Confidential © ATP Electronics, Inc. Page 19 of 80



ATP Industrial Grade EEE

microSD Card Specification e
Version 3.9_ADV

4.5 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. No card shall be damaged by inserting or removing a card into the microSD
Card bus even when the power (VDD) 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 microSD Card
bus master. The inserted card must be properly reset also when CLK carries a clock frequency fpp. Each
card shall have power protection to prevent card (and host) damage. 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.

4.6 Powerup

The power up of the microSD Card bus is handled locally in each SD Card and in the bus master.
fupply voltage

Valid voltage range for
all comumands

Time out value far i time
inmalization process = lsec | -
I I--E”d of first ACKMD41 20 card rea-:-.-'-__i
acmo || N | acmp| M- acmo | NJ
Initialization sequencé_lcmm_ CMDBI‘» a1 = e T = |y |—gelCMD2
— - Opticnal repetitions of ACMD4 1
| Initialization delay: until no cards are responding
The maximum of with busy bit set

1 msec, 74 clock cycles
and supply ramp up time

Figure 4-4: Power-up diagram
e ‘Power up time’ is defined as voltage rising time from 0 volt to VDD min and depends on application

parameters such as the maximum number of microSD Cards, the bus length and the characteristic of
the power supply unit.
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e ‘Supply ramp up time’ provides the time that the power is built up to the operating level (the bus
master supply voltage) and the time to wait until the microSD card can accept the first command.

* The host shall supply power to the card so that the voltage is reached to Vdd_min within 250ms and
start to supply at least 74 SD clocks to the microSD card with keeping CMD line to high. In case of SPI
mode, CS shall be held to high during 74 clock cycles.

e After power up (including hot insertion, i.e. inserting a card when the bus is operating) the microSD
Card enters the idle state. In case of SD host, CMDO is not necessary. In case of SPI host, CMDO shall
be the first command to send the card to SPI mode.

e CMDS8 is newly added in the Physical Layer Specification Version 2.00 to support multiple voltage
ranges and used to check whether the card supports supplied voltage. The version 2.00 host shall
issue CMD8 and verify voltage before card initialization. The host that does not support CMD8 shall
supply high voltage range.

e 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 shall check that all cards satisfy the supplied voltage. Otherwise, the host should select
one of the cards and initialize.

4.7 Compatibility to Multi Media Card

The microSD Card protocol is designed to be a super-set of the Multi Media Card Version 2.11
protocol. For complete details refer to Multi Media Card specification.

4.8 Card Capacity

e Standard Capacity microSD Memory Cards supports capacity up to and including 2 G bytes (231
bytes). All versions of the Physical Specifications define the Standard Capacity microSD Memory Card.
e High Capacity microSD Memory Cards supports capacity more than 2 G bytes (231 bytes) and this
version of specification limits capacity up to and including 32 GB. High Capacity SD Memory Card is
newly defined from the Physical Layer Specification Version 2.00. Only hosts that are compliant to the
Physical Layer Specification version 2.00 or higher and the SD File System Specification Ver2.00 can
access High Capacity microSD Memory Cards. Other hosts fail to initialize High Capacity microSD
Memory Cards.
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5.0 Card Registers

Within the card interface seven registers are defined: OCR, CID, CSD, RCA, SCR, SSR and CSR. These
can be accessed only by corresponding commands. The OCR, CID, CSD and SCR registers carry the
card/content specific information, while the RCA register is configuration register storing actual
configuration parameters and SSR and CSR are two status fields.

5.1 OCR Register

The 32-bit operation conditions register stores the VDD voltage profile of the card. In addition, this
register includes a status information bit. This status bit is set if the card power up procedure has
been finished.

OCR bit position VDD voltage window
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 2.7-2.8
16 2.8-2.9
17 2.9-3.0
18 3.0-3.1
19 3.1-3.2
20 3.2-3.3
21 3.3-34
22 3.4-3.5
23 3.5-3.6
24-29 reserved
30 Card Capacity Status (CCS)*
31 card power up status bit (busy)?

1) This bit is valid only when the card power up status bit is set.
2) This bit is set to LOW if the card has not finished the power up routine

Table 5-1: OCR register definition
The supported voltage range is coded as shown in Table 5-1. A voltage range is not supported if the
corresponding bit value is set to LOW. As long as the card is busy, the corresponding bit (31) is set to
LOW.
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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. Every individual flash card shall have a unique identification
number. The structure of the CID register is defined in the following paragraphs:

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]

Table 5-2: The CID fields

e MID

An 8 bit binary number identifies the card manufacturer. The MID number is controlled, defined and
allocated to a SD Card manufacturer by the SD Group. This procedure is established to ensure
unigueness of the CID register.

* OID

A 2 ASCII string characters 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 microSD Card manufacturer by the SD Group. This procedure is established to

ensure uniqueness of the CID register.

e PNM

The product name is a string, 5 ASCII characters long.

e PRV

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

The Serial Number is 32 bits of binary number.

e MDT

The manufacturing date composed of two hexadecimal digits, one is 8 bit representing the year(y)
and the other is four bits representing the month(m). The “m” field [11:8] is the month code. 1 =
January.

The “y” field [19:12] is the year code. 0 = 2000. As an example, the binary value of the Date field for
production date “April 2001” will be: 00000001 0100.

e CRC

CRC7 checksum (7 bits). This is the checksum of the CID contents.

5.3 CSD Register

The Card-Specific Data register provides information regarding access to the card contents. The CSD
defines the data format, error correction type, maximum data access time, 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 types of the entries in the table below are coded as follows: R = readable,

W(1) = writable once, W = multiple writable.

e CSD_STRUCTURE

Version number of the related CSD structure

CSD STRUCTURE CSD structure version Valid for SD Card Physmal Specification
- Version
. Version 1.0-1.10
0 CSD version 1.0 Version 2.00/Standard Capacity
1 CSD version 2.0 Version 2.00 /High Capacity
2-3 reserved

Table 5-3: CSD register structure
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5.3.1 CSD Register (CSD Version 1.0)

Name Field Width|Value .Ic.:;lljle CSD-slice
CSD structure CSD_STRUCTURE 2 00b R [127:126]
reserved - 6 00 0000b R [125:120]
data read access-time-1 TAAC ] xxh R [119:112]
data read access-time-2 in CLK NSAC 3 xxh R [111:104]
cycles (NSAC*100)

max. data transfer rate TRAN_SPEED 3 32h or 5Ah R [103:96]
card command classes CCC 12 |01x110110101b|R [95:84]
max. read data block length READ_BL_LEN 4 xh R [83:80]
partial blocks for read allowed READ_BL_PARTIAL 1 1b R [79:79]
write block misalignment WRITE_BLK_MISALIGN |1 b R [78:78]
read block misalignment READ_BLK_MISALIGN 1 b R [77:77]
DSR implemented DSR_IMP 1 b R [76:76]
reserved - 2 00b R [75:74]
device size C_SIZE 12 © xxxh R [73:62]
max. read current @VDD min VDD_R_CURR_MIN 3 XXXk R [61:59]
max. read current @VDD max VDD_R_CURR_MAX ] XXXk R [58:56]
max. write current @VDD min VDD_W_CURR_MIN ic] xxxb R [65:53]
max. write current @\VDD max VDD_W_CURR_MAX ] xxxb R [52:50]
device size multiplier C_SIZE_MULT ] XXXk R [49:47]
erase single block enable ERASE_BLK_EN 1 b R [46:46]
erase sector size SECTOR_SIZE 7 DOOOXXONKD R [45:39]
write protect group size WP_GRP_SIZE 7 XXXXXXXD R [38:32]
write protect group enable WP_GRP_ENAELE 1 xb R [31:31]
reserved (Do not use) 2 00b R [30:29]
write speed factor R2W_FACTOR 3 XXX R [28:26]
max. write data block length WRITE_BL_LEN 4 DO R [25:22]
partial blocks for write allowed WRITE_BL_PARTIAL 1 xb R [21:21]
reserved - 5 00000b R [20:16]
File format group FILE_FORMAT_GRP 1 xb R/W(1) [15:15]
copy flag (OTP) COPY 1 Xb R/W(1) [14:14]
permanent write protection PERM_WRITE_PROTECT [1 Xb R/W(1) [13:13]
temporary write protection TMP_WRITE_PROTECT (1 b RW  [[12:12]
File format FILE_FORMAT 2 xxb R/AW(1) [11:10]
reserved 2 00b RW  [9:8]
CRC CRC 7 DOCXXXXXD RW  |[7:1]

not used, always'1’ - 1 1b - [0:0]
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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=10us.
5=100ps, 6=1ms, 7=10ms

6:3 time value

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

NSAC
Defines the worst case for the clock-dependant factor of the data access time. The unit for NSAC is
100clock cycles. Therefore, the maximal value for the clock-dependent part of the data access time is

25.5k clock cycles.

The total access time NAC as expressed in the Table 4-47 is the sum of TAAC and NSAC. It should 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

TRAN_SPEED
The following table defines the maximum data transfer rate per one data line - TRAN_SPEED:

TRAN_SPEED bit [code

20 transfer rate unit

0=100kbit/s, 1=1Mbit/s, 2=10Mbit/s,
3=100Mbit/s, 4_.. T=reserved

G:3 time value

O=reserved, 1=1.0, 2=1.2, 3=1.3, 4=1.5,
h=20 6=25 7=30 8=35 9=40 A=45,
B=50,C=55 D=60 E=70, F=80

7 reserved

Note that for current SD Memory Cards, this field shall be always 0_0110_010b (032h) which is equal
to25 MHz - the mandatory maximum operating frequency of SD Memory Card.

In High-Speed mode, this field shall be always 0_1011_010b (05Ah) which is equal to 50 MHz, and
when the timing mode returns to the default by CMD6 or CMDO command, its value will be 032h.
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CCC

The SD Memory Card 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 command class is supported.

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

The maximum read data block length is computed as 2READ_BL_LEN. The maximum block length
might therefore be in the range 512...2048 bytes (see Chapter 4.11 for details). Note that in an SD
Memory Card the WRITE_BL_LEN is always equal to READ_BL_LEN

READ_BL_LEN [Block length
0-8 reserved

0 29 — 512 Bytes
10 21%=1024 Bytes
11 21 = 2048 Bytes
12-15 reserved

READ_BL_PARTIAL (always =1 in SD Memory Card)
Partial Block Read is always allowed in an SD Memory Card. It means that smaller blocks can be used
as well. The minimum block size will be one byte.

* 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
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DSR_IMP
Defines if the configurable driver stage is integrated on the card. If set, a driver stage register (DSR)

shall be implemented

DSR_IMP DSR type
0 no DSR implemented
1 DSE implemented

C_SIZE

This parameter is used to compute the user’s data card capacity (not include the security protected
area). 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

BLOCKNR = (C_SIZE+1) * MULT
MULT = 2C-SI4E_MULT+2 (C_SIZE_MULT < 8)
BLOCK_LEN = 2RFAP-BLLEN - pEAD BL LEN < 12)

To indicate 2 GByte card, BLOCK_LEN shall be 1024 bytes.
Therefore, the maximal capacity that can be coded is 4096*512*%1024 = 2 G bytes.
Example: A 32 Mbyte card with BLOCK_LEN =512 can be coded by C_SIZE. MULT = 3 and C_SIZE =

2000.

VDD_R_CURR_MIN, VDD_W_CURR_MIN
The maximum values for read and write currents at the minimal power supply VDD are coded as
follows
VDD_R_CURR_MIN
VDD_W_CURR_MIN
20 0=0.5mA; 1=1mA; 2=omA; 3=10mA; 4=20mA,;
o=30mA; 6=60mA; 7=100mA

Code for Current Consumption @ VDD

VDD_R_CURR_MAX, VDD _W_CURR_MAX
The maximum values for read and write currents at the maximal power supply VDD are coded as

follows:
VDD_R_CURR_MAX
VDD_W_CURR_MAX
20 OD=1mA; 1=5mA; 2=10mA; 3=25mA; 4=35mA;
H=45mA; 6=80mA; 7=200mA

- i

Code for Current Consumption @ VDD
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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 2¢->1#E-MULT+2.

C_SIZE_MULT MULT
0 2°=4
1 2°=8
2 2*=16
3 2° =132
4 2" =64
5 2" =128
6 2% = 256
7 2°=512

ERASE BLK _EN
The ERASE_BLK_EN defines the granularity of the unit size of the data to be erased. The erase

operation can erase either one or multiple units of 512 bytes or one or multiple units (or sectors) of
SECTOR_SIZE (see definition below).

If ERASE_BLK_EN=0, the host can erase one or multiple units of SECTOR_SIZE. The erase will start
from the beginning of the sector that contains the start address to the end of the sector that contains
the end address. For example, if SECTOR_SIZE=31 and the host sets the Erase Start Address to 5 and
the Erase End Address to 40, the physical blocks from 0 to 63 will be erased as shown in below figure

Physical Block O 1 z 3 4 5 &
(per CSD) 0123456789 0123456789 0123456789 0123456789 01234567689 0123456789 0123456789

Host Erase - o
Address Range o
Eraze Area i -
Eraze Unit
Size - L -

If ERASE_BLK_EN=1 the host can erase one or multiple units of 512 bytes. All blocks that contain data
from start address to end address are erased. For example, if the host sets the Erase Start Address to
5 and the Erase End Address to 40, the physical blocks from 5 to 40 will be erased as shown as below

Physical Block 0 1 2 3 4 5 &
(perCSD) 0123456789 0123456789 0123456759 0123456789 0123456789 0123456789 0123456769

Host Erase
Address Range

- L

Erase Area - -
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SECTOR_SIZE

The size of an erasable sector. The content of this register is a 7-bit binary coded value, defining the
number of write blocks (see WRITE_BL_LEN). The actual size is computed by increasing this number
by one. A value of zero means one write block, 127 means 128 write blocks.

WP_GRP_SIZE

The size of a write protected group. The content of this register is a 7-bit binary coded value, defining
the number of erase sectors (see SECTOR_SIZE). The actual size is computed by increasing this
number by one. A value of zero means one erase sector, 127 means 128 erase sectors.

WP_GRP_ENABLE
A value of 0 means no group write protection possible.

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
1
2 (write half as fast as read)
A
g
16

32

7 reserved

oo O] Rl W] R =] O

WRITE_BL_LEN

The maximum write data block length is computed as 2WRITE_BL_LEN. The maximum block length
might therefore be in the range from 512 to 2048 bytes. Write Block Length of 512 bytes is always
supported.

Note that in the SD Memory Card, the WRITE_BL_LEN is always equal to READ_BL_LEN.

WRITE_BL_LEN [Block Length
0-8 reserved

9 2% = 512 bytes
10 2™ = 1024 Bytes
11 2" = 2048 Bytes
12-15 reserved
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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 and its partial derivatives, in
resolution of units of 512 bytes, 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.

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 5-15 (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 a one time programmable bit.

PERM_WRITE_PROTECT

Permanently protects the entire 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.

TMP_WRITE_PROTECT

Temporarily protects the entire 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.

FILE_FORMAT

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

FILE_FORMAT_GRPFILE_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 0,4, 2, 3 Reserved

CRC

The CRC field carries the check sum for the CSD contents. It is computed according to Chapter 4.5.

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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5.3.2 CSD Register (CSD Version 2.0)

Below table shows Definition of the CSD for the High Capacity SD Memory Card (CSD Version 2.0).
The following sections describe the CSD fields and the relevant data types for the High Capacity SD

Memory Card.

CSD Version 2.0 is applied to only the High Capacity SD Memory Card. The field name in parenthesis is
set to fixed value and indicates that the host is not necessary to refer these fields. The fixed values

enables host, which refers to these fields, to keep compatibility to CSD Version 1.0. The Cell Type field
is coded as follows: R = readable, W(1) = writable once, W = multiple writable

Name Field Width [Value Cell Type |CSD-slice
CSD structure CSD STRUCTURE 2 01b R [127:126]
reserved - B 00 0000b R [125:120]
data read access-time (TAAC) 8 0OEh R [119:112]
data read access-time in CLK|[[NSAC) B 00h I [111:104]
cycles (NSAC*100)

max. data transfer rate (TRAN_SPEED) 8 32h or SAh R [103:96]
card command classes CCC 12 01%110110101b R [95:84]
max. read data block length (READ_BL_LEN) 14 i) R [8:3:80]
partial blocks for read allowed |(READ BL PARTIAL) 1 0 R [79:79]
write block misalignment (WRITE BLK MISALIGN) [1 0 R [78:78]
read block misalignment (READ BLK_MISALIGN) |1 0 R [77:77]
DSE implemented DSE_IMF 1 % R [76.76]
reserved - B 00 0000b R [75:70]
device size C_SIZE 22 00 xooxh R [69:48]
reserved - 1 0 R [47:47]
erase single block enable (ERASE_BLK_EN) 1 1 R [46:46]
erase sector size (SECTOR_SIZE) 7 7Fh R [45:39]
write protect group size (WP_GRP_SIZE) 7 0000000b R [38:32]
write protect group enable (WP GRFP_ENABLE) 1 0 R [31:31]
resenved 2 00b R [30:29]
write speed factor (R2W_FACTOR) 3 010b R [28:26]
max. write data block length (WRITE_BL _LEN) 4 2] R [25:22]
partial blocks for write allowed ||[WRITE_BL_PARTIAL) 1 0 R [21:21]
reserved - 5 00000b R [20:16]
File format group (FILE_FORMAT GRP) 1 0 R [15:15]
copy flag (OTP) COPY 1 X RAV(1) [14:14]
permanent write protection FPERM_WRITE_PROTECT [1 X FAN(1) [13:13]
tempaorary write protection TMP WRITE PROTECT [1 B R [12:12]
File format (FILE FORMAT) 2 00b R [11:10]
resenved - 2 00b R [9:8]
CRC CRC 7 pooaXxb RAW [7:1]

not used, always'1’ - 1 1 - [0:0]
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* TAAC
This field is fixed to OEh, which indicates 1 ms. The host should not use TAAC, NSAC, and
R2W_FACTOR to calculate timeout and should uses fixed timeout values for read and write operations

* NSAC
This field is fixed to 00h. NSAC should not be used to calculate time-out values.

* TRAN_SPEED
Definition of this field is same as in CSD Version1.0.

e CCC
Definition of this field is same as in CSD Version1.0.

* READ BL _LEN
This field is fixed to 9h, which indicates READ_BL_LEN=512 Byte.

* READ BL _PARTIAL
This field is fixed to 0, which indicates partial block read is inhibited and only unit of block access is
allowed.

* WRITE_BLK_ MISALIGN
This field is fixed to 0, which indicates write access crossing physical block boundaries is always
disabled in High Capacity SD Memory Card.

* READ_BLK_MISALIGN
This field is fixed to 0, which indicates read access crossing physical block boundaries is always
disabled in High Capacity SD Memory Card.

* DSR_IMP
Definition of this field is same as in CSD Version1.0.

e C_SIZE

This field is expanded to 22 bits and can indicate up to 2 TBytes (It is the same as the maximum
memory space specified by a 32-bit block address.)

This parameter is used to calculate the user data area capacity in the SD memory card (not include the
protected area). The user data area capacity is calculated from C_SIZE as follows:

memory capacity = (C_SIZE+1) * 512K byte

As the maximum capacity of the Physical Layer Specification Version 2.00 is 32 GB, the upper 6 bits of
this field shall be set to 0.

* ERASE BLK_EN
This field is fixed to 1, which means the host can erase one or multiple units of 512 bytes.
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e SECTOR_SIZE
This field is fixed to 7Fh, which indicates 64 KBytes. This value does not relate to erase operation.
Version 2.00 cards indicates memory boundary by AU size and this field should not be used.

* WP_GRP_SIZE
This field is fixed to 00h. The High Capacity SD Memory Card does not support write protected groups.

* WP_GRP_ENABLE
This field is fixed to 0. The High Capacity SD Memory Card does not support write protected groups.

* R2W_FACTOR

This field is fixed to 2h, which indicates 4 multiples. Write timeout can be calculated by multiplying
the read access time and R2ZW_FACTOR. However, the host should not use this factor and should use
250ms for write timeout

* WRITE_BL _LEN
This field is fixed to 9h, which indicates WRITE_BL_LEN=512 Byte.

* WRITE_BL_ PARTIAL
This field is fixed to 0, which indicates partial block read is inhibited and only unit of block access is
allowed.

* FILE_ FORMAT_GRP
This field is set to 0. Host should not use this field.

* COPY
Definition of this field is same as in CSD Versionl.0.

* PERM_WRITE_PROTECT
Definition of this field is same as in CSD Version1.0.

* TMP_WRITE_PROTECT
Definition of this field is same as in CSD Version1.0.

* FILE_FORMAT
This field is set to 0. Host should not use this field.

* CRC
Definition of this field is same as in CSD Version1.0.
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5.4 RCA Register

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

5.5 SCR Register

In addition to the CSD register there is another configuration register that named - SD CARD
Configuration Register (SCR). SCR provides information on SD Card's special features that were
configured into the given card. The size of SCR register is 64 bit. This register is set in the factory by
ATP.

The following table describes the SCR register content.

Description Field Width Tf/e;:e SCR Slice

SCR Structure SCR_STRUCTURE 4 R [63:60]
SD Card - Spec. Version SD_SPEC 4 R [59:56]
data_status_after erases DATA_STAT_AFTER_ERASE |1 R [55:55]
SD Security Support SD_SECURITY 3 R [54:52]
DAT Bus widths supported SD_BUS_WIDTHS 4 R [51:48]
reserved - 16 R [47:32]
lrjeszegr;/ed for manufacturer i 39 R (31:0]

Table 5-9: The SCR Fields

¢ SCR_STRUCTURE

Version number of the related SCR structure in the SD Card Physical Layer Specification.

Valid for SD Physical Layer Specification
Version

Version 1.01-2.00

SCR_STRUCTURE SCR structure version

0 SCR version No. 1.0
1-15

reserved

Table 5-10: SCR register structure version

® microSD_SPEC
Describes the microSD Card Physical Layer Specification version supported by this card.

microSD_SPEC Physical Layer Specification Version

Number
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0 Version 1.0-1.01
1 Version 1.10
2 Version 2.00
3-15 reserved

Table 5-11: microSD Card Physical Layer Specification Version

 DATA_STAT_AFTER_ERASE

Defines the data status after erase, whether it is ‘0’ or ‘1’.

e SD_SECURITY

Describes the security algorithm supported by the card.

SD_SECURITY Supported algorithm
0 no security
1 Not used
2 Version 1.01
3 Version 2.0
4-7 reserved

Table 5-12: SD Supported security algorithm

e SD_BUS_WIDTHS
Describes all the DAT bus widths that are supported by this card.

Supported Bus
SD_BUS_WIDTHS Widths
Bit 0 1 bit (DATO)
Bit 1 reserved
Bit 2 4 bit (DATO-3)
Bit 3 [MSB] reserved

Table 5-13: SD Card Supported Bus Widths

5.6 SSR Register
SD Status; information about the card proprietary features (See 6.5)

5.7 CSR Register
Card Status; information about the card status (See 6.5).
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6.0 SD Card Functional Description

6.1 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.

e 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). A
command is transferred serially on the CMD line.

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

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

the data lines.

?"ﬂ;- from from
ot T bost . e card
to card(s) « o card \q ¥ to bost
CMD" "1 command f=""-"""""======-~ command |=| response |"""Tt-T-=-<
.
operation (no response) operation (no data)

Figure 6-1: “no response” And “no data” Operations

Card addressing is implemented using a session address, assigned to the card during the initialization
phase. The basic transaction on the SD bus is the command/response transaction. This type of bus
transactions transfers their information directly within the command or response structure. In
addition, some operations have a data token.

Data transfers to/from the microSD Card are done in blocks. Data blocks always were succeeded by
CRC bits. Single and multiple block operations are defined. Note that the Multiple Block operation
mode is better for faster write operation. A multiple block transmission is terminated when a stop
command follows on the CMD line. Data transfer can be configured by the host to use single or
multiple data lines.
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Figure 6-2: (Multiple) Block Read Operation
The block write operation uses a simple busy signaling of the write operation duration on the DATO
data line regardless of the number of data lines used for transferring the data
from from _data from sy from imdfmai%e
R e i ~"  host —— i stops data rams
:ufn:d b ¥ Tcluzillj: l.-"’f to card / Téillitn
CMD-*=9 command || response |' .- '1 """""" fl R A command |=| response
DAT sedeccccacennnannnnnnns | data bleck crcl- = [ busy |- -« datablock |crc|« busy [p=--
. block write operation data stop operption »
multiple block write operation
M = = = s m s s mE s s s e " Emm EmEEEE EEEmE EmEmE EmE EEEEE EmE e EmE.
Figure 6-3: (Multiple) Block Write Operation
Command tokens have the following coding scheme:
_'J'r_?.l:_s:ujne:'bi'