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

The information in this manual is subject to change without notice.

ATP general policy does not recommend the use of its products in life support applications wheilera arfa
malfunction of the product may directly threaten life or injury.

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, reprodiasedated, or reduced to any
electronic medium or machifreadable form without prior consent, in writing, from ATP Corporation.

The i nformati on set forth in this document i s C

owned by ATP.
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Jul. 11" 2011 23 - Update performance
Aug. 5" 2011 2.4 - Updae environment specification
Sep. 18, 2011 2.5 - Update Japan & China branches contact information
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1 ATP Industrial Grade microSDHC Card Overview

1.1 ATP Product Availability

M= 8cs

Industrial Grade

468
Industrial Grade

Figure 1-1: Product Pictures
ATP P/N CAPACITY
AF4GUDI-ADV001 4GB
AF8GUDI-ADVO001 8GB
Table 1-1: Capacities
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1.2 Main Features

Compliant withSD Specification version 2.0

Supports SD and SPI mode

High reliability, operating at40°C to 85C

Top level Single Level Cell (SLC) NAND flash memory
Water proof, Dust proof and ESD proof

SIP (System In Package) process

Enhanced endurance mgernaldynamic/static wealeveling
Support pwer failure protectioifpower cycling)
Hardware BCH EC@ngineup to 28bit/1KB

Supports CPRM

ROHS compliant

CE & FCC certification

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

1.3 Application

ATP Industrial GradenicroSDHC cards are designed for demanding industrial applications, such as
military/aerospace, automotive, marine navigation, embedded, communication equipment or
networking, medical equipment, and manufacturing, where missitoal data requires the highest

level of reliability, durability, and data integrity.

Your Ultimate Memory Solution!
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2 Product Specifications

2.1 Environment Specifications

TYPE MEASUREMENT
Temperature Operaion -40°C to 85C
Non-Operaion | -40°C to 85C
. Operaton 25°C, 95%relative humidity
Moisture

Non-Operaton | 40°C, 93% relative humidity

Vibration Test Non-Operaton | 10~2000Hz6Grms, 30mins per axis

10N to thecenter of the card®50 cycles,

BendTest Non-Operaton .
30 cycles/minute
. 0.15Nm or+/-2.5°, 30 cycles/minute,
TorqueTest Non-Operaton 1000 cycles
(I\S/l?ll_tssp_lr_ggg;é Non-Operaton 35: ,0Over 85% RH,5% Salt Concentratjon
P 24 hours

Method1009.8)
SolarRadiationTest Non-Operaton | 49: ,Irradiation 1000W,/24 hours
UV Light Exposure Test

Non-Operation | 254nm, 15Ws/cm2

(1ISO 78161)
Drop Test Non-Operation | 150cm/Free fall, total 6 drops
Table 2-1: Environment
2.2 Reliability
Type Measurement

Number of insertions 10,000 minimum

SLC Block NAND Flash 100,000P/Ecycles
Static/DynamidNear Leveling algorithm

MTBF (@ 25C) >2,000,000 hours

Endurancél'echnology

Table 2-2: Reliability

Your Ultimate Memory Solution!
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2.3 Performance

Seq Read Seq Write Random Read | Random Write
Model P/N (KBIs) (KBIs) (KBJs) (KBJs)
AF4GUDI-ADV001 17239 12661 16075 5021
AF8GUDI-ADV001 17017 11804 15058 4954

*Note: Tested by HDBench 3.40 beta 6 with 40MB file size. The performance may vary based on different

testing environments.

Table 2-3: Performance

2.4 Electrical Characteristics

TYPE MEASUREMENT
Card supported Voltage 2.7~3.6V
Card supported Frequency 0~50 MHz
Data Bus Width Supported 1 or 4 bits

Table 2-4: Electrical Characteristics

2.5 Extra Features

Type

Measurement

Water Proof

IEC 60529 Edition 2.1: 200025 IPX7, below 1000mm
water, 30min

Dust Proof IEC 60529 Edition 2.1: 200023 IP5X
IEC 6100064-2:
ESD Proof contact pad +/4KV,

noncontact pad (Coupling plane discharge)8HV,
non-contact pad (Air discharge)-+15KV

RoHS Compliant

Yes

Your Ultimate Memory Solution!

Table 2-5: Extra Features
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2.6 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 2-6: Physical Dimension

2.7 Mechanical Form Factor (Units in MM)

E10
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Your Ultimate Memory Solution!

Figure 2-1: Dimensions of microSD (Bottom View)
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Figure 2-2: Dimensions Of microSD (Top View)
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COMMON DIMENSIONS R1 0.20 0.40 0.60
SYMBOL MIN MOM MAX NMOTE R2 0.20 0.40 0.60
A 10.90 11.00 | 11.10 R3 0.70 0.80 0.90
A1 9.60 9.70 9.80 R4 0.70 0.80 0.90
a2 - 3.85 - BASIC R5 i) 0.80 0.90
A3 7.60 7.70 7.80 RE 0.70 0.80 0.90
a4 - 1.10 - BASIC RT 29.50 30.00 | 3050
A5 075 0.80 0.85 R10 - 0.20 -
AR - - 8.50 R11 _ 020 _
AT 0.90 - - R17 0.10 0.20 0.320
A3 0.60 0.70 0.80 R18 0.20 0.40 050
A5 0.80 - - R19 0.05 - 0.20
B 14.90 15.00 | 1510
B1 6.30 6.40 6.50
B2 1.64 1.84 2.04
B3 1.30 1.50 1.70
B4 042 052 0.62
B5 2.80 2.90 3.00
B6 550 - -
BY 0.20 0.30 0.40
B4 1.00 1.10 1.20
BY9 - - 9.00
B10 7.80 7.90 8.00
B11 1.10 1.20 1.30
C 0.80 1.00 1.10
1 0.60 0.70 0.80
c2 0.20 0.30 0.40
C3 0.00 - 0.15

Your Ultimate Memory Solution!
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3 Electrical Characteristics

3.1 DC Characteristics

input high IeveIT

VDD

¥

Fy

input low level g

Iou:p ut high level

ILI ndefined

Iou:p ut low level

V335

Figure 3-1: Bus Signal Level

PARAMETER SYMBOL MIN TYPICAL MAX UNIT | REMARK
SupplyVoltage Vb 2.7 3.3 3.6 V
Operating Current lcca - 40 50 mA
(128MB~2GB)
Operating Current lcca - 50 70 mA
(4GB~8GB)
StandbyCurrent Iss - - 200 mA
Input Leakage Current I -10 - 10 mA
Output Leakage Curren lLo -10 - 10 mA
Input ngh VOltage VH 0.625X Vpp - Vpp + 0.3 V
Input Low Voltage Vi Vss-0.3 - 0.5 X Vpp \Y
Output High Voltage Vou 0.75X \Vbp - - V
Output Low Voltage VoL - - 0.125 X Vbp V

Your Ultimate Memory Solution!

Table 3-1: DC Characteristics
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3.2 AC Characteristics

r
F3
<

Input ><
Vie
VoH
Output ><
\

Toouy oH

FY
r

Shaded areas are not valid

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

High Speed Mode Bus Timing:

Parameter Symbol | Min | Max | Unit Remark

Clock CLK (All values are referred to m{W4) and max (\{)

Clock frequency Data Transfer Mode fpp 0 50 | MHz | Cgag<=10 pF(l card)
Clock low time twi 7 - NS | Cearg<=10 pF( card)
Clock high time twH 7 - NS | Cearg<=10 pF( card)
Clock rise time trin - 3 NS | Ccarg<=10 pF( card)
Clock fal time truL - 3 NS | Cearg<=10 pF( card)
Inputs CMD, DAT(referenced to CLK)

Input setup time tisu 6 - ns Cecard<= 10 pF( card)
Input hold time tiy 2 - NS | Ccarg<=10 pF( card)
Outputs CMD, DAT (referenced to CLK)

aétdpeut Delay time during Data Thsfer topLy ) 14 ns C. <= 40 pF( card)

Table 3-2: Bus Timing - Parameters Values (High Speed Mode)

Your Ultimate Memory Solution!
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Default Bus Timing(Backward Compatible):

Parameter Symbol | Min Max | Unit | Remark

Clock CLK (All values are referred to min £y and max (\{)

Clock frequency Data Transfer Madq fpp 0 25 MHz | C_<=10 pF( card)
Clock frequency Identification Mode | fop 0/100 | 400 | KHz | C_<=10 pF( card)
Clock low time twi 10 - ns C_ <=10 pF(l card)
Clock high time twhH 10 - ns C_ <=10 pF(l card)
Clock rise time trLH - 10 ns C_ <=10 pF(l card)
Clock fall time tTHL - 10 ns C_ <=10 pF(l card)

Inputs CMD, DAT(referenced to CLK)

Input setup time tisu 3 - ns C_ <=10 pF( card)

w
1

Input hold time tiy ns C_L <=10 pF( card)

Outputs CMD, DAT (referenced to CLK)

Output Delay time during Data . 0 14 |ns CuL <=40 pF(L card)
Transfer Mode obLY

. : CL <=40 pF( card
Output Delay time during ooy 0 50 | ns L pF( card)

IdentificationMode

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

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

Your Ultimate Memory Solution!
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e Lo

tne Srn

IH
Input ><
Vi
Vor
Output >< >< V

ooy on
» %

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 £y and max (\{)

(I_:r'gflzfer ,\;rgggency Dat ¢ . 0 50 MHz | C_<=10 pF( card)
Clock low time twi 7 - ns C. <=10 pF( card)
Clock high time twh 7 - ns C_ <=10 pF( card)
Clock rise time triH - 3 ns C. <=10 pF( card)
Clock fall time trhL - 3 ns C_ <=10 pF( card)
Inputs CMD, DAT(referenced to CLK)

Input setup time tisu 6 - ns C_ <=10 pF( card)
Input hold time tiy 2 - ns CL <=10 pF( card)
Outputs CMD, DAT (referenced to CLK)

Output Delay time during i i 14 ns CL <=40 pF( card)
Data Transfer Mode OobLY

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

Your Ultimate Memory Solution!
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4 microSD Card Hardware System

4.1 microSD Card Description

1 2 3 4 5 6 7 8
A A A ¥y J_ A A
Yoo
r y A r
DAT 2 DAT 3 DATO
v v DAT 1
CMD CLK
CCR[ELO] [y
CID [1270]__ |- Card g
nterface 2
RCA[(150]  |«w controller 3
DSRS0 |- =
CSD 12711 4> reset — S
SCRIG30 | 2
SSRISILOT | Ej
CSRIILOL |
| Memory core interface reset |<—a
Memary Core

Figure 4-1: microSD Card Function Block Diagram

Pin SD Interface SPI Interface

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

1 DAT2 I/O/PP | DataLine [Bit 2] RSV

2 CD/DAT3 | I/O/PP | Card Detect / Data Lin{ CS 13 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 Wltage Ground| Vss S Supply Voltageground

7 DATO I/O/PP | DatalLine [Bit O] DO O/PP Data Out

8 DAT1 I/O/PP | DatalLine [Bit 1] RSV

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

2) The extended DAT Lines (DaDAT3) are input on power up. They start to operate as DAT lines after
SET_BUS_WIDTH command. The Host shall keep its own DAT3 lines in input mode, as well, while they
are not used. It is defined so, in order to kempgatibility to MultiMediaCards.

3) After power up this line is input with 50Kohm puip (can be used for card detection o 8®de selection).
The pullup should be disconnected by user, during regular data transfer, with SET _CLR_CARD_DETECT

(ACMD42) command.

Your Ultimate Memory Solution!
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Each card has a set of information registBtsase refer to chapter 5 for the details of registers.

NAME | WIDTH DESCRIPTION
cIb 128 'C:ard.|FIenF|f|cat|on number; card individual number for
identification.
RCA 16 Relative card address; losjistem address of a card, dynamically,

suggested by the card and approved by the host during initializa
CSD 128 Card Specific Data; information about the card operatioditons.
microSD Configuration Register; information about 8@ Card s

SCR 64 Special Features capabilities.

OCR 32 Operationconditions register

SSR 512 mircoSD Statusinformationabout the card proptary features.
CSR 32 Card Stats;informationabout thecard 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 andground 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 individuallyjrejltme application to

detect the cards and assign logical addresses to the physical slots. Data is always sent (received) ta
(from) each card individually. However, in order to simply the handling of the card stack, after the
initialization process, allammmands 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 Cardwill use only DATO for data transfefter 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 DATI-DAT3 are not in use, the rel ast#ed HoOS
(input mode).

Your Ultimate Memory Solution!
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HOST
CLK CLE
W T y
Vas Yy Vs SD Memory
Card (&)
DO-3(A), D0-03. CMD 5
CMD{A v
CLK
. Y
| At e SD Memory
Card (B)
0a-3B), 0o-03, CMD B
CMD(B) :
CLE
vdd
Vs | MuliMediaCard
()
D0-3(C) 0.C5. CMOW| 1202 Mot
CMD{C) Connected

Figure 4-2: mcrioSD Card system bus Topology

4.3 microSD Card Hardware Interface

ThemicroSD Cardhas six communication lines and three supply lines:

A CMD: Command is a bidirectional signal. The host and card drivers are openapimghi pull mode.

A DATO0-3: Data lines are bidirectional signals. Host and card drivers are operating in push pull mode
A CLK: Clock is a host to card signal. CLK operates in push pull mode

A VvDD: VDD is the power supply line for all cards.

A VSS1,VSS2 are two ground lines.

In addition to those lines that are connected to the internal card circuitry there are two conteets of
Write Protect/Card Detect switch that are part of the socket. Those contacts are not méaadatory
they exist they sbuld be connected as given in the followitigure. WhenDAT3 is used for card
detection, Bar for DAT3 should be unconnected and another resistor should be connected to the
ground.

Rpat and Rewp are pultup resistors protecting the CMD and the DAT liagainst bus floating when
no card is inserted or when all card drivers are in aimgiedance mode. The host shall pul all
DATO-3 lines by RDAT, even if the host usescroSD Cardas 1 bit modeonly in SD mode. Alsathe
host shall pulup all "RSV"lines in SPI mode, even though thag not usedkyp is used for the Write
Protect/Card Detection switch.

Your Ultimate Memory Solution!
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&P P o
I:l Ro [ﬁ Rcwo Rwe
Write Protect VSS o
= CMD
. DATO-3
L ) . ~
SD IR Y Y BT
Memory 5 :
CG: :C i i
Card ===l
! ! 12345678
Host 3
i e i SD Memory [&
Card

4.4 Bus Signal Line Load

Figure 4-3: Bus circuitry diagram

The total capacitance CL of each line of theeroSD bus is the sum of the bus mastapacitance
ChosT, the bus capacitance CBUS itself and the capacitagge Gf each card connected to this line:

CL = Guost+ Cgus + N*Ccarp

N is the number of connected cards.

PARAMETER SYMBOL | MIN | MAX. | UNIT REMARK
Pull-up resistance for CMD | Remp 10 100 Kohm | to prevent budloating
Pull-up resistance for DAT | Rpart 10 100 Kohm | to prevent budloating
Total bus capacitance for ea C_ 40 pF 1 card
signal line CHOST+CBUS shall

not exceed 30 pF
Single card capacitance CcarD 10 pF
Maximum signal lhe 16 nH fpp<= 20 MHz
inductance
Pull-up resistance inside carf RDAT3 10 90 Kohm | May be used for
(pinl) card detection

Table 4-3: Bus Signal Line Load

Your Ultimate Memory Solution!
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4.5 Hot Insertion and Removal

To guarantee the proper sequence of card pin connection duringséxian, the use of eitherspecial
hotinsertion capable card connector or an aldtect loop on the host side (or some similar
mechanism) is mandatordo card shall be damaged by inserting or removing a card int¢heSD
Cardbus everwhen the pwer (VDD) is up. Data transfer operations are protected by CRC codes,
therefore any bithanges induced by card insertion and removal can be detectedroictb®D Card

bus masterThe inserted card must be properly reset also when CLK carries a clgokricy $. Each
cardshall 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 applicationaywhich
repeat the issued command.

4.6 Power up

The power up of thenciroSD Cardbus is handled locally in ea@D Cardand in thebus master.
Supply voltage
A

Vo Mmax

Bus master supply voltage | Valid voltage range for
____________ 1l co &

W g min
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I
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| ™ '
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Initialization sequencé_lcr""1m_ CMDBI" a1 [ e =S| CMD2
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The maximum of with busy bit set

1 msac, 74 clock cycles
and supply ramp up time

Figure 4-4: Power-up diagram
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A 6Power up timed is defined a sanddeperndsogpplications i n g
parameters such as thmaximum number aficroSD Cards, the bus length and tteracteristic of the
power supply unit.

A 6Supply ramp up timed provides the time that
master supply voltage) and the time to wait untilrtheroSD cad can accept the first command.

A The host shall supply power to the card so t
start to supply at least 74 SD clocks to ith@roSD card with keeping CMD line to high. In case of SPI
mode, CS sl be held to high during 74 clock cycles.

A After power wup (including hot insertmcooBD i . e
Cardenters thedle state In case of SD host, CMDO is not necessary. In case of SPI host, CMDO shall
bethe first command to send the card to SPI mode.

A CMD8 is newly added in the Physical Layer Sp
ranges and used to check whether the card supports supplied voltage. The version 2.00 tsssieshall
CMD8 andverify voltage before card initialization. The host that does not support CMD8ssipally

high voltage range.

A  ACMD41 is a synchronization command used to |
cards until they are out of their powap sequence. In case the host system connects multiple teds,

host shall check that all cards satisfy the supplied voltage. Otherwise, the host should selethieone

cards and initialize.

4.7 Compatibility to Multi Media Card

The microSD Card protocol iglesigned to be a supset of the MultiMedia Card Version 2.11
protocol. For complete details refer to MiNtediaCard specification.

4.8 Card Capacity

A St an da rmicroSDaMemaryi Qargs supports capacity up to and including 2 G bytes (231
bytes).All versions of the Physical Specifications define the Standard CapaicitySD Memory Card.

A Hi gh rGiaoSk Mdembry Cards supports capacity more than 2 G bytes (231 bytes) and this
versionof specification limits capacity up to and including 32 Gigh Capacity SD Memory Card is
newly defined from the Physical Layer Specification Version 2@@ly hosts that are compliant to the
Physical Layer Specification version 2.00 or higher and the SDSgtem Specification Ver2.00 can
access High CapagiimciroSD Memory Cards. Other hosts fail to initialieggh CapacitymicroSD
Memory Cards
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5 Card Registers

Within the card interfaceevenregisters are defined: OCR, CID, CSD, RC3CR SSRand CSR
Thesecan be accessed only by corresponding commands. The OCR, CID, CSBRndgisters carry
the card/content specific information, while the R@#isteris configuration registestoring actual
configuration parameteand SSR and CSR are two stdiekls.

5.1 OCR Register

The 32bit 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 préeestheen
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 2.82.9

17 2.93.0

18 3.03.1

19 3.1-:3.2

20 3.2-3.3

21 3.33.4

22 3.435

23 3.53.6

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 seta 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 BahléA voltage range is not supported if the
corresponding bit value is set to LOW. As long as the card i bus corresponding bit (31) is det
LOW.
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5.2 CID Register

The Card Dentification (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 ueitfifecadion
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, - 1 [0:0]

Table 5-2: The CID fields

A MI D

An 8 bit binary numbeidentifies the card manufacturer. The MIDnmloer is controlled, definednd
allocated to aSD Card manufacturer by the SD Group. This procedure is establigheshsure
uniqueness of the CID register.

A Ol D

A 2 ASCII string characters that identifies the card OEM and/or the card contents (wheas used
distribution media either on ROM or FLASH cards). The OID number is controlled, defined and
allocatedto amicroSD Cardmanufacturer by the SD Group. This procedure is established to

ensure uniqueness of the CID register.

A PNM

The product name & string, 5 ASCII characters long.

A PRV

The product revision is composed of two Binary Coded Decimal (BCD) digits, four bits each,
representinen  An. moO revision number. The Ano is the
significantnibblee Asan e x amp |l e, the PRV binary value field
0010

A PSN

Your Ultimate Memory Solution!
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The Serial Number is 32 bits of binary number.

A MDT

The manufacturing date composed of two hexadecimal digits, one is 8 bit representing theagdar(y)

the otheiis four bits representing the month(fhe fAmo fi el d [11:8] is the
The Ayo field [ 19: 12Asanexanpld the bhinarg valuecobtdeeDate field for 2 0
production dat e 000A0P0LDLU00. 20010 wi || be:

A CRC

CRCY7 checksum (7 bits). This is the checksum of the CID contents

5.3 CSD Register

The CardSpecific Data register provides information on how to access the card contents. The CSD
defines the data format, error correction type, maximum data access timeemthetDSRegister can

be used etc. The programmable part of the register (entries marked by W orbejos@ecan be
hanged by CMD27. The type of the entries in the table below is coded as follewsaRable, W(1) =
writable once, W = multiple witble.

CELL CSD-

NAME FIELD WIDTH TYPE SLICE
CSD structure CSD_STRUCTURE 2 R [127:126]
reserved - 6 R [125:120]
data read accessne-1 TAAC 8 R [119:112]
data read accessne-2 in CLK | NSAC 8 R [111:104]
cycles(NSAC*100)
max. da& 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 - 6 R [75:70]
device size C_SIZE 22 R [69:48]
reserved - 1 R [47:47)
erase single block enable ERASE _BLK _EN 1 R [46:46]
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erase 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 2 R [30:29]
write speed factor R2W_FACTOR 3 R [28:26]
max. wite 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 [15:15]
copy flag (OTP) COPY 1 R/W(1) | [14:14]
permanent wte 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 [11:10]
reserved - 2 R [9:8]

CRC CRC 7 R/W [7:1]

not used, al w{- 1 - [0:0]

Table 5-3: The CSD Register fields

The following sections describe the CSD fields and the relevant data types. If not explicitly defined
otherwise, all bit strings are interpreted as binary coded numbers starting with the left bit first.

A CSD_STRUCTURE

Version number of the related CSD structure

CSD STRUCTURE VALID FOR SD CARD PHYSICAL
CSD_STRUCTURE VERSION SPECIFICATION VERSION
. Version 1.61.10
0 CSD versiortL.0 Version 2.00/Standard Capacity
1 CSD versior2.0 Version 2.00High Capacity
2-3 reseved

Table 5-4: CSD register structure

A TAAC
Defines the asynchronous part of the data access time.
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TAAC BIT POSITION CODE

time unit

2:0 0=1ns, 1=10ns, 2=10n s , 3=
4=10%8=s100¢ s, 6 =1
time value
O=reserved, 1=1.0, 2=1.2, 3=1.3,

6:3 4=15, 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

Table 5-5: TAAC access time definition

A NSAC

Defines the wrst case for the clock dependent factor of the data access time. The unit for NIRRC is
clock cycles. Therefore, the maximal value for the clock dependent part of the data access235ible
clock cycles.The total access time NAG the sum of TAAC ad NSAC. It has to beomputed by the
host for the actual clock rate. The read access time should be interpreted as deigydalr the first
data bit of a data block or stream.

A L TRAN_SPEED
The following table defines the maximum data transfer rat@pe data lineTRAN_SPEED:

TRAN_SPEED BIT CODE
transfer rate unit
2:0 0=100kbit/s, 1=1Mbit/s, 2=10Mbit/s,
3=100Mbit/s, 4... 7=reserved
time value
O=reserved, 1=1.0, 2=1.2, 3=1.3, 4=1]
6:3 5=2.0, 6=2.5, 7=3.0, 8=3.5, 9=4.0,
A=4.5, B=50, C=5.5, D=6.0, E=7.0,
F=8.0
7 reserved

Table 5-6;: Maximum data transfer rate definition

Note that for currensD Card that fieldis always 0_0110_010b (032h) whichegual to 25MHz the
mandatory maximum operating frequency D Card In High-Speed mode, that fielss always
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0_1011 010b (05Ah) which is equal to 50MHz. Antlen the timing mode returns to the default by
CMD6 or CMDO command, its value will be 032h.

A ccc
The SD Cardcommand set is divided into subsets (command classes). Theoocamtand class register
CCC defines which command classes are supported by this card. Aovalue6 16 i n a CCC

the corresponding command class is supported.

CCC BIT SUPPORTED CARD
COMMAND CLASS

0 class O

1 class 1

11 | class 1

Table 5-7: Supported card command classes

A-. READ_BL _LEN

The maximum read data block length is computed®&sPZ-"¥". The maximum block lengtmight
therefore be in the range 512...2048 bytes. Note thaidroSD Cardthe WRITE_BL_LEN is always
equal to READ_BL_LEN

READ BL LEN BLOCK LENGTH REMARK
0-8 reserved

9 2° = 512 Bytes

11 2! = 2048 Bytes

12-15 reserved

Table 5-8: Data block length

A READ_BL_PARTI AL miccoBv@aydy = 1 i n

Partial Block Read is always aWed inmicroSD Card It means that smaller blocks can be uasd
well. The minimum block size will be one byte.

A WRITE_BLK_MI SALI GN

Your Ultimate Memory Solution!
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Defines if the data block to be written by one command can be spread over more than one physical
block of the memory dege. 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.

A- READ_BLK_MI SALI GN
Defines if he 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.

A  DSR_1 MP

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

A Cc_slI zE
This field is expanded to 22 biend can indicate up to 2 TBytes (It is the same as the maximum
memory space specified by a-BR block address.)

This parameter is used to calculate the user data area capacitynicrtb®D memory card (not include
theprotected area). The user dataaarapacity 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 his field shall be set to O.

A . ERASE_BLK_EN

This field is fixed to 1, which means the host can erase one or multiple units of 512 bytes.

AL SECTOR_SI ZE
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 sizetasdi¢ld should not be used.

A WP _GRP_SI ZE
This field is fixed to 00h. The High CapacityicroSD Memory Card does not support write protected
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groups.

A WP _GRP_ENABLE
This field is fixed to 00h. The High CapacityicroSD Memory Card does not support wrgrotected
groups.

A L R2W_FACTOR

This field is fixed to 2h, which indicates 4 multiples. Write timeout can be calculated by multiplying
theread access time and R2W_FACTOR. However, the host should not use this factor and should use
250ms for write timeat.

A WRI TE_BL_LEN
This field is fixed to 9h, which indicates WRITE_BL_LEN=512 Byte.

A WRI TE_BL_PARTI AL

This field is fixed to 0, which indicates partial block read is inhibited and only unit of block access
isallowed.

A FILE_FORMAT_GRP

This field is €t to 0. Host should not use this field.

A COPY
Defines if the contents is original (= 6006) or
devi ces, sold to end consumer s, i' s setCOPYbito16

is an one time programmable bit.

A PERM_WRI TE_PROTECT

Permanently protects the whole card content against overwriting or erasing (all write and erase
commands for this card are permanently advitsabl e
protected.

A TMP_WRITE_PROTECT

Temporarily protects the whole card content from being overwritten or erased (all write and erase
commands for this card are temporarily disabled). This bit can be set and reset. The defaultvalde,is
i.e. not write proteed.

A FI LE_FORMAT
This field is set to 0.

A CRC

The CRC field carries the check sum for the CSD contents. The checksum has to be recalculated by the
host for any CSD modification. The default correspandsie initial CSD contents.
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5.4 RCA Register

The witable 16bit relative card address register carries the card address that is publisheadny the
during the card identification. This address is used for the addressezhlsbsbommunicatioafter the
card identification procedure. The default valuetted RCA register is 0x0000. The valQg0000 is
reserved to set all cards into the StéaydState with CMD7.

5.5 SCR Register

In addition to the CSD register there is another configuratiorstexgthat named SD CARD
Configuration Register (SCR). SCR provides information 8D Cards special features thatere
configured into the given card. The size of SCR register is 64 bit. This ragistdrinthe factory by
ATP.

The following table degibes the SCR register content.

DESCRIPTION FIELD WIDTH 'CI':EII;IIE SSLCI:(IZ:\)E
SCR Structure SCR_STRUCTURE 4 R [63:60]
SD Card Spec. Version | SD_SPEC 4 R [59:56]
data_status_after erased DATA_STAT_AFTER_ERASE| 1 R [55:55]
SD SecuritySupport SD_SECURITY 3 R [54:52]
2?;3;;&””5 SD_BUS_WIDTHS 4 R [51:48]
reserved - 16 R [47:32]
Lessz.iegrged for manufacturg 32 R [31:0]

Table 5-16: The SCR Fields

AL SCR_STRUCTURE
Version number of the related SGRucture in th&D CardPhysical Layer Specification.
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SCR STRUCTURE VALID FOR SD PHYSICAL LAYER
SCR_STRUCTURE VERSION SPECIFICATION VERSION
0 SCR version No. 1.0 | Version 1.@-2.00
1-15 reserved

Table 5-9: SCR register structure version

AmicroSD_SPEC
Describes thenicroSD CardPhysical Layer Specification version supported by this card.

microSD_SPEC PHYSICAL LAYER SPECIFICATION
VERSION NUMBER

Version 1.61.01

Version 1.10

Version2.00

-15 reserved

WIN|IFL| O

Table 5-10: microSD Card Physical Layer Specification Version
A DATA _STAT _AFTER_ERASE

Defines the data status af¢ter er ase, whet her it

AmicroSD_SECURITY
Describes the security algorithm supported by the card.

microSD_SECURITY SUPPORTED
ALGORITHM

no Lecurity

Not used

Version1.01

Version2.0

4-7 reserved

WINFLO

Table 5-11: microSD Supported security algorithm
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AmicroSD_BUS WIDTHS
Describes all the DAT bus widths that are supported by this card.

Table 5-12: microSD Card Supported Bus Widths

5.6 SSR Register

microSD_BUS WIDTH | SUPPORTED
S BUS WIDTHS

Bit 0 1 bit (DATO)

Bit 1 reserved

Bit 2 4 bit (DATO-3)

Bit 3 [MSB] reserved

mciroSD Status; information about the card proprietary features (See 6.5)

5.7 CSR Register

Card Status; infanation about the card status ($e8.

Your Ultimate Memory Solution!
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6 mcrioSD Card Functional Description

6.1 mciroSD BUS Protocol

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

ACommand: 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.

A R exse @ mesponsssia 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.

AData: data can be transferred from the card tanibet or vice versa. Data is transferred via the
data lines.

from from from
Jgst T host . —  card
Ty
to cardis) « o cand \1 { to bost
':l_m.. - Eﬂlﬂlﬂﬂﬂd hkmsssssse s e nmEm E'Dl'EI.'l!lﬂI'i{] - l‘E'S]]IJI'iSE ..........
L R B e T L B
operation (ne response) operation (no data)

Figure6-1:Aino responseo And Ano datao Oper a

Card addressing is implemented using a session address, assigned to the card during the initialization
phase. The basic transaction on thH2 [Bis 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 theaciroSD Cardare done in blcks. Data blocks always weseicceeded 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 followson the CMD line. Data transfer can be configured by the host to use single or
multiple data lines.
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from from data from card impd-.:ﬂomn.’:mé
host ~~—" card ~ tohost EiopE data fransler
to card h% 1‘5 o host l,«”f
CMD*""9 command |"| response | """ R LR LEEE L command |=| response
DAT --H------mcmmea- data block |cre |~ | data block ||:n:|- - | data block ||;'1'c| ----------
PR block read operation e . datastop operation_

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 lire regardless of the number of data lines used for transferring the data

from from _data from sy from iT‘z‘f-‘d'fMﬂ:'d
hast - " card 7 host ~  card siops data famsfer
to card b | 4 10 kot I o card / o host
CMD-"q command |' | response | """ fmmmmn il e command |'| response
v v
DAT scdececsmcannaananannns | data block crcl- | busy | =« data block |cre |« busy |p---
* block write operation " data stop operption
multiple block write operation
Mf == = e = = s s EmE s EmE EmE Rk R EE EmE EE R EREEE EmEEE EmE RN EE EEE EEE ..

Figure 6-3: (Multiple) Block Write Operation

Command tokens have the following coding scheme:

Transmitter bit: —
L'=hest commeand \x Command content command and address information or pa-
1Y rameter, protected by 7 bit CRC checksum
Seart i ) End hit:
r: e e | _ abways 1
always 0 . | l l -
¥ ¥ v
0|1 Content CRC 1
total length=49 bits

Figure 6-4: Command Token Format
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transmitier bt -
'I"=card response Response content: mirrored command and status infor-
mation (R1 response), OCR register (R3 response) or

| RCA (RE), protected by a Thit CRC checksum end bit:
start b.t. \ Erp—
sways'D'" —--H:i + l f__ "
R, RARE 0|0 CONTENT 1
J total length=48 bits . __;::;1.:1.
R2
op| 0 CONTENT=CID or CSD CRC 1
P total lemgth=136 bits .

Figure 6-5: Response Token Format

In the CMD line the MSB bit is transmitted first the LSB bit is the |&8ten the wide bus option is

used, the data is transferred 4 bits at a time. Start and end bits, as well as the CRC bits, are transmittec
for every one of the DAT lines. CRC bits are calcudaaed checked for every DAT line individually.

The CRC status response and Busy indication will be sent by the card to the host on DATO only
(DAT2-DAT3 during that period are dondét <care).

There are two types of Data packet format for the SD card.
(1) Usualdata (8 bit width The usual data (8 bit width) are sent in LSB (Least Significant Biytst)

MSB (Most Significant Byte) last manner. But in the individual byte it is MSB (Most Signifisdt
first, LSB (Least Significant Bit) last.

ur b0 End bit
nthByte |CRC|1
dbye -
——
[b7 |66 |bs|ba|b3| b2 [b1] 60|
n th Byte Data packet format for Standard bus (only DATO used)
8bit width Data
1stByte 2nd Byte 3rd B th B
- tart bR séage nt:)az‘z:‘e rOatﬁe . Oaz:te En; ot
(SDIO) T e s S ) Al
CMD53 DAT3 7 |13 b7 | 63| --- [b7 [b3] CRC |1 |
[SD memory)]
CMD17, CMD18,
CMD24, CMD25, DAT2 b6 [b2| --- |66 [b2] cRC [ 1]
ACMD18, ACMD25,
B DAT1 - |o5|b1] cre | 1|

DATO - | 4] 60] cre [ 1]

Data packet format for Wide bus (all four lines used)

Figure 6-6: Data packet format - Usual data
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(2) Wide width data (SD Memory Register) The wide width data is shifted from MSB bit.

511 b0
[ Esosmms ] oo
Wide width Data L\ \.\
i DATO : ¢rRe | 1|
150 mamory) Data packet format for Standard bus (only DATO used)

ACMD13(SD Status).
ACMDS51(SCR).

ete Start bit End bit

Data packet format for Wide bus {(all four lines used)

Figure 6-7: Data packet format - Wide width data

6.2 Command

6.2.1 Command Types and Format

All communication between host and cards is contidbe the host (master). The host sends
command®f two types: broadcast and addressed (poxpioint) commands.

A Broadcast commands
Broadcast commands are intended for all cards. Some of these commands require a response.

A Addr e s doepdint) cgnmandst
The addressed commands are sent to the addressed card and cause a response from this card.

ACommand Format
Al'l commands have a fixed code | ength of 48
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Bit position | 47 46 [45:40] [39:8] [7:1] 0
Width (bits) | 1 1 6 32 7 1
Value 606[(616 X X X 61
start | transmission command end
Description | bit bit index argument CRC7 bit

Table 6-1: Command Format

A command al ways starts with aitinglitadng the direction df al wa
transmission (host = 0616) . The next 6 bits i
interpretedas a binary coded number (between 0 and 63). Some commands r@gdrmaent (e.g. an
address), whichiscodedby32t8 . A value denoted by 6xd6 sn the
dependent on the command. All commands are protected by a CRC. Every command codeword is
terminated by the end dndtheir arguments gre listédlindTpéid-Table | cCot
6-11.

6.2.2 Command Classes

The command set of tHeD Cardsystem is divided into several classes (See Téde Each class
supports a set of card functionalities.

Class0, 2, 4, 5and8 aremandatorysupported byATP SD Card. The other classeseoptional.The
supported Card Command Classes (CCC) are coded as a parantbeercand specific data (CSD)
register of each card, providing the host with information on haaetess the card.

gg?ﬂ?ﬂAND01234567891011
CLASS
o® =3 Py =2 - — @ = 3

SUPPORTED | class g |8 8188 %%—% ?;_%?;% o | ¢ g
COMMANDS | description & | 8 g ] % @ g,m 2 ?’hg % 5§ | &
CMDO Mandatory +
CMD2 Mandatory +
CMD3 Mandatory +
CMDA4 Mandatory +
CMD5 Optional +
CMD6 Mandatory +
CMD7 Mandatory +
CMD8 Mandatory +
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CMD9 Mandatory +
CMD10 Mandatory +
CMD12 Mandatory +
CMD13 Mandatory +
CMD15 Mandatory +
CMD16 Mandatory + +
CMD17 Mandatory +
CMD18 Mandatory +
CMD24 Mandatory +
CMD25 Mandatory +
CMD27 Mandatory +
CMD28 Optional +
CMD29 Optional +
CMD30 Optional +
CMD32 Mandatory
CMD33 Mandatory
CMD34-37 Optional +
CMD38 Mandataoy
CMD42 Optional
CMD50 Optional +
CMD52 Optional +
CMD53 Optional +
CMD55 Mandatory +
CMD56 Mandatory +
CMD57 Optional +
ACMD6 Mandatory +
ACMD13 Mandatory +
ACMD22 Mandatory +
ACMD23 Mandatory +
ACMD41 Mandatory +
ACMD42 Mandatory +
ACMD51 Mandatory +

Table 6-2: Card Command Classes (CCCs)

6.2.3 Detailed Command Description

The following tables define in detail aficiroSD Cardous commands.
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ﬁ:\:\ggx TYPE | ARGUMENT | RESP | ABBREVIATION COMMAND DESCRIPTION
CMDO bc [31:0] stuff bits | - GO_IDLE_STATE resets all cards talie state
CMD1 reserved
asks any card to send the CID numbers o}
CMD2 ber [31:0] stuff bits | R2 ALL SEND_CID the CMD line (any card that is connected {
the host will respond)
) . SEND_RELATIVE_ ask the card tpublish a new relative
CMD3 ber [31:0] stuff bits | R6 ADDR address (RCA)
CMD5 reserved for I/O cards (refer to "SDIO Card Specification™)
command toggles a card between the star
by and transfer states or between the
programming and disconnect states. In bo
R1b cases the card is selected by its own relat
(only address and gets deselected by any other
CMD7 ac [31:16] RCA from SELECT/DESELECT_| address; adtess 0 deselects all. In case th
[15:0] stuff bits | the CARD the RCA equal 0 then the host may do oné
selected the following:- Use other RCA number to
card) perform card deselectionRe-send CMD3
to change its RCA number to other than O
and then use CMD7with RCA=0 for card-d
selection.
[31:12]reserve
d bits Sends SD Memory Card interfacendition,
[11:8]supply which includes host supploltage
CMDS8 ber voltage(VHS) | R7 SEND_IF_COND information and asks the canthether card
[7:0]check supports voltage. Reservbis shall be set
pattern to '0".
[31:16] RCA addressed card sends its eapecific data
CMDS 1 ac 1 115:0) stuff bits | 2 SEND_CSD (CSD) on the CMD line.
[31:16] RCA addressed card sends its card identificatig
CMDIO 1 ac | 11501 stuff bits | K2 SEND_CID (CID) on CMD the lire.
CMD11 | reserved
CMD12 | ac [31:0] stuff bits | R1b STOP_ forces the card to stop transmission
' TRANSMISSION P
[31:16] RCA .
CMD13 | ac [15:0] stuff | R1 SEND_STATUS addressed card sends its status
: register.
bits
CMD14 | reserved
sets the card to inactive state in order to
[31:16] RCA i GO_INACTIVE_ ) L
CMD15 | ac [15:0] stuff bits STATE protect the card stack against amomication
breakdowns.

Table 6-3: Basic commands (class 0)
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CMD

INDEX TYPE [ ARGUMENT | RESP | ABBREVIATION COMMAND DESCRIPTION

In the case of a Standard Capacity SO}
Memory Card, this command sets the
block length (in bytes) for all following
block commands (read, write, lock).
Default block length is fixed to 512
Bytes.

Set lengthis valid for memory access
commands only if partial block read
operation are allowed in CSD.

In the case of a High Capacity SD
Memory Card, block length set by
CMD16

command does not affect the memory
read and write commands. Always 511
Bytes fixed blocKength is used. This
command is effective for
LOCK_UNLOCK

command.

In both cases, if block length is set
larger

than 512Bytes, the card sets the
BLOCK LEN ERROR bit.

[31:0] block

CMD16 | ac length

R1 SET_BLOCKLEN

In the case of a Standard Capp8D
Memory Card, this command, this
command reads a block of the size
selected by the SET_BLOCKLEN
R1 READ_SINGLE_ BLOCK | command.

In the case of a High Capacity Card,
blocklength is fixed 512 Bytes
regardless of the

SET BLOCKLEN command.

[31:0] data

CMD17 | adtc address

continuously transfers data blocks fron
R1 READ_MULTIPLE_BLOCK | card to host until interrupted by a
STOP_TRANSMISSION command.

[31:0] data

CMD18 | adtc address

CMD19 | reserved

CMD23

1) The data transferred must not cross a physical block boundary unless READ_BLK_ MISALd&Nhishe CSD.
Table 6-2: Block oriented read commands (class 2)
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CMD

INDEX TYPE | ARGUMENT [ RESP | ABBREVIATION COMMAND DESCRIPTION

In the case of a Standard Capacity SD
Memory Card, this commandtsehe
block length (in bytes) for all following
block commands (read, write, lock).
Default block length is fixed to 512
Bytes.

Set length is valid for memory access
commands only if partial block read
operation are allowed in CSD.

In the case of a Highdpacity SD

R1 SET_BLOCKLEN Memory Card, block length set by
CMD16

command does not affect the memory
read and write commands. Always 512
Bytes fixed block length is used. This
command is effective for
LOCK_UNLOCK

command.

In both cases, if block length is set larg
than512Bytes, the card sets the
BLOCK_LEN_ERROR bit.

[31:0] block

CMD16 | ac length

In the case of a Standard Capacity SD
Memory Card, this command writes a
block of the size selected by the
SET_BLOCKLEN commant

In the case of a High @acity Card,
block length is fixed 512 Bytes
regardless

of the SET_BLOCKLEN command.

[31:0] data

CMD24 | adtc address

R1 WRITE_BLOCK

[31:0] data
address

continuously writes blocks of data until

CMD25 | adtc STOP_TRANSMISSION follows.

R1 WRITE_MULTIPLE_BLOCK

CMD26 | Reserved For Manufacturer

CMD27 | adtc [31:0] stuff R1 PROGRAM_CSD programming of the programmable bits
bits of the CSD.

1) The data transferred must not cross a physical block boundary unless WRITE_BLK_MISALIGN is set in the CSD. In
case that writgartial blocks is not supportéden the block length=default block length (given in CSD).

Table 6-4: Block oriented write commands (class 4)
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I(l:\l'\lg[éx TYPE | ARGUMENT | RESP | ABBREVIATION COMMAND DESCRIPTION
if the card has writ@rotection feaures,
this command sets the write protection
cvp2s | ac [31:0] data R1b SET WRITE PROT bit of th.e addres_sed group. The
address - - properties of write protection are codeq
in the card specific data
(WP_GRP_SIZE).
[31:0] data if the card provides writ protection
CMD29 | ac : R1b CLR_WRITE_PROT features, this command clears the write
address ; )
protection bit of the addressed group.
[3L:0] write featuros, ths command agks the card |
CMD30 | adtc | protect data | R1 SEND_WRITE_PROT ' . .
send the statusf the write protection
address o1
bits.
CMD3L1 | reserved

1)32 write protection bits (representing 32 write protect groups starting at the specified address) followed by 16 CRC bits
are transferreth a payload format via the data line. The last (least signifidzit of the protection bits corresponds to the

first addressed group. If tleeldresses of the last groups are outside the valid range, then the corresponding write protection
bits shall be set to zero

Table 6-5: Block oriented write protection commands (class 6)

Icl:\l'\él)léx TYPE | ARGUMENT | RESP | ABBREVIATION COMMAND DESCRIPTION

CMD32 | ac [31:0] data R1 ERASE_WR_BLK_START | sets the address of the first wriiock to
address be erased.

CMD33 | ac [31:0] data R1 ERASE_WR_BLK_END setsthe address of the last write block (
address the continuous range to be erased.

cMD38 | ac [31:0] stuff R1b ERASE erases all previously selected write
bits blocks.

CMD39 | reserved

Non Valid in SD Card Reserved for
CMD40 MultiMediaCard /O mode
CMDA41 | reserved

Table 6-6: Erase commands (class 5)
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I(l:\l'\lg[éx TYPE | ARGUMENT | RESP | ABBREVIATION COMMAND DESCRIPTION
In the case of a Standard Capacity S
Memory Card, this command sets th
block lengh (in bytes) for all
following
block commands (read, write, lock).
Default block length is fixed to 512
Bytes.
Set length is valid for memory acces}
commands only if partial block read
operation are allowed in CSD.
[31:0] block In the case of a High Capacity SD
CMD16 ac Ienéth R1 SET_BLOCKLEN MemoryCard, block length set by
CMD16
command does not affect the memor|
read and write commands. Always 5!
Bytes fixed block length is used. Thig
command is effective for
LOCK_UNLOCK
command.
In both cases, if block length is set
larger
than 512Bytes, the cdisets the
BLOCK_LEN_ERROR bit.
Used to set/reset the password or
CMD42 adtc LB_‘l:O] stuff R1 LOCK_UNLOCK Iock/unlock_ the card. The size of the
its. data block is set by the
SET BLOCK LEN command.
CMD43-49 | reserved
CMD51 reserved

Table 6-7: Lock card (class 7)

ICIZ\I'\I?)IEX TYPE | ARGUMENT | RESP | ABBREVIATION COMMAND DESCRIPTION
s1:16] RCA e e
CMD55 | ac [15:0] stuff | R1 APP_CMD bp b
bits command rather than a standard
command
11 st e el 2 o ok
CMD56 adtc | bits. [0]: R1 GEN_CMD L
cardfor general purpose/application
RD/WR1 iy
specificcommands. In the case of a
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StandardCapacity SD Memory Cards,
the sizeof the data block shall be set |
the SET_BLOCK_LEN command. In
thecase of a High Capacity SD
MemoryCards, the size of the data
block is fixedto 512 byte. The host
sets RD/WR=1 foreading data from
the card and sets to O

for writing data to the card.

CMD58&-

59 reserved
CMD60-
63 reserved for manufacturer

1) RD/ WR: 10 the host gét0®d & hlel okt ok edds dlbtie@auplicatimifi e d @ &
specific commands (given in Table 21) are supported if Class 8 veeallimandatoryn SD Card.

Table 6-8: Application specific commands (class 8)

ﬁ\l'\lg[éx TYPE | ARGUMENT | RESP | ABBREVIATION COMMAND DESCRIPTION
CMD52. " P
CMD54 reserved for /O mode (refer to "SDIO Card Specification™)

Table 6-9: I/O mode commands (class 9)

The following table describes all the application specific commands supported/reserve&byGhed
All the following ACMDs shall be preceded with APP_CMD command (CMD55).

CMD COMMAND

INDEX TYPE | ARGUMENT RESP | ABBREVIATION DESCRIPTION
Defines the data bus width
(6006=1bit of

31:2] stuff bits bus) to be used for data

ACMDS | ac %1:O]t1us width R1 SET_BUS_WIDTH tran)sfer. The allowed data
bus widths are given in SCH
register.

ACMD13 | adtc | [31:0] stuff bits R1 SD_STATUS Send the SD Card status.

ACMD17 | reserved

ACMD1S | -- B B B Resgrve_d for SD security
applications1

ACMD19

to reserved

ACMD21

ACMD22 | adtc | [31:0] stuff bits [R1 | SEND NUM WR BLOCKS | Send the number of the
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written (without errors) write|
blocks. Responds with
32bit+CRC data block. If
WRITE_BL_PARTIAL="0',
the unit of ACMD22 is
always 512byte.If
WRITE_BL_PARTIAL="1',
the unit of ACMD22 is a
block length which was use(
when the write command
was executed.

ACMD23

ac

[31:23] stuff bits
[22:0]Numberof
blocks

R1

SET_WR_BLK_ERASE_COUNT|

Set the number of write
blocks to be prerased

before writing (to be used fd
faster Multiple Block WR
command) . ild
wr block)(2).

ACMD24

reserved

ACMD25

Reserved for SD security
applications1

ACMD26

Reserved for SD security
applications1

ACMD38

Reserved for SD security
applications1

ACMD39
to
ACMDA40

reserved

ACMDA41

ber

[31]reserved bit
[30]JHCS(OCR[30])
[29:24]reserved bits
[23:0] VDD Voltage
Window(OCR[23:0])

R3

SD_SEND_OP_COND

Asks the accessed card to
send its operating condition
register (OCR) content in th
response on the CMD line.

ACMDA42

ac

[31:1] stuff bits
[O]set_cd

R1

SET_CLR_CARD_DETECT

Connect[1]/Disconnect[0]
the 50KOhm pulup resistor
on CD/DAT3 (pin 1) of the
card.

ACMDA43

Reserved for SD security
applications1

ACMDA49

ACMD51

adtc

[31:0] stuff bits

R1

SEND_SCR

Reads the SD Configuration]
Register (SCR).

(1)

Ref er

to ASD MenetriyorCa rfdorSeceaitrditlye Spexpglfdmcat i on
(2) Command STOP_TRAN (CMD12) shall be used to stop the transmission in Write Multiple Block whetherettasere
(ACMD23) feature is used or not.

Table 6-10: Application Specific Commands used/reserved by SD Card

CMD COMMAND
INDEX TYPE | ARGUMENT RESP | ABBREVIATION DESCRIPTION
CMD6 | adtc [31] Mode R1 SWITCH_ Checksswitchable
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0:Check function FUNC function (mode 0)
1:Switch function and switch card
[ 30: 24] reserved (A function (mode 1).

[23:20] reserved for function group 6
(Al'l ORFP 6 or

[19:16] reserved fofunction group 5
(Al'l ORFP 6 or

[15:12] reserved for function group 4
(Al'l ORFP 6 or

[11: 8] reserved for
or OxF)

[7:4] function group 2 for command systen|

[3:0] function group 1 for access mode

CMD34

CMD35

CMD36

CMD37 Reserved for each command system set by switch function command (CMD6).

CMD50

CMD57

Table 6-11: Switch function commands (class 10)

6.3 Card State Transition Table
Table6-12 defines the card state transitions in dependency of the received command.

CURRENT STATE
idle | ready | ident | stby [ tran | data [ rev | prg | dis [ ina

Eﬁlﬁfgg OF STATE changes to
CLASS
INDEPENDENT
iOperation |- | - | - [- |- [- |- [tan]sthy]-

class 0
CMDO idle idle idle idle | idle |idle |idle |idle |idle | -
CMD2 - ident | - - - - - - - -
CMD3 - - stby | stby | - - - - - -
CMD4 - - - sthy | - - - - - -
CMD7, card is i i i tran | - i i i org | -
addressed
g%?gésce%rd Isnot - - - stby | stby [ stby | - dis | - -
CMD8 idle - - - - - - - - -
CMD9 - - - sthy | - - - - - -
CMD10 - - - sty | - - - - - -
CMD12 - - - - - tran | prg | - - -
CMD13 - - - stby [ tran | data | rcv | prg | dis | -
CMD15 - - - ina |ina |ina ina |[ina |ina |-

class 2
CMD16 - - - - tran | - - - - -
CMD17 - - - - data | - - - - -
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CMD18 - | - - | data] - - - - -
class 4

CMD16 see class 2

CMD24 - - - rcv | - - - - -

CMD25 - - - rcv | - - - - -

CMD27 - - - rcv | - - - - -
class 6

CMD28 - - - prg | - - - - -

CMD29 - - - prg | - - - - -

CMD30 - - - data | - - - - -
class 5

CMD32 - - - tran | - - - - -

CMD33 - - - tran | - - - - -

CMD38 - - - prg | - - - - -
class 7

CMD42 - | - - Jrev |- - - |- |-
class 8

CMD55 idle - stby [ tran | data | rcv | prg | dis | -

CMD56; RD/WR =0 - - - rcv |- - - - -

CMD56; RD/WR =1 - - - data | - - - - -

ACMDG6 - - - tran | - - - - -

ACMD13 - - - data | - - - - -
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CURRENT STATE
idle ready ident | stby | tran | data | rcv | prg | dis | ina
ACMD22 - - - - data | - - - - -
ACMD?23 - - - - tran | - - - - -
ACMD18,25,26,38, Refer to ASD Card Security Sped
43,44,45,46,47,48,49 | Security Features
ACMDA41, carq VDD ready | - i i i i i i i i
range compatible
ACMDA41, card is busy | idle - - - - - - - - -
ACMDA41, card VDD .
range not compatible | "2 i i i i i i i |
ACMDA42 - - - - tran | - - - - -
ACMD51 - - - - data | - - - - -
class 9
CMD52-CMD54 refer to "SDIO Card Specification"
class 10
CMD6 - - - - data | - - - - -
CMD34-37,50,57 - - - - tran | - - - - -
class 11
CMD41;
CMDA43...CMD49, reserved
CMD58-CMD59

CMD60...CMD63

reserved for manufacturer

Table 6-12: Card state transition table
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6.4 Responses

All responses are sent via the command line CMD. The response transmission always stimts with
left bit of the bit string corresponding to the response codeword. The code length depéhds on
response type.

A response always starts with a start bit (asvay ¢ 0 6 ) , foll owed by the bi
transmission (card = 06006) . A value denoted by
responses except for the type R3 (see below) are protected by a CRC. Every command codeword is
temi nated by t he Theradarelva types ofaesporesgs @D CardTheir formats are
defined as follows:

AR1 (normal response command): code length 48 bit. The bits 45:40 indicate the index of the
command to be responded to, this valuadpanterpreted as a binary coded number (betwesmd063).

The status of the card is coded in 32 bits. Note that in case that data transfeatd thenvolved then

a busy signal may appear on the data line after the transmission dfleeiclof daf. The host shell
check for busy after data block transmission

Bit position | 47 46 [45:40] [39:8] [7:1]

Width (bits) | 1 1 6 32 7

Value 6006|6060 X X X

Description s’Fart tr_ansmlssmn pommand card status CRC7
bit bit index

Table 6-13: Response R1

AR1b is identical to R1 with an optional busy signal transmitted on the data line. The cabgcoaye
busy after receiving these commands based on its state prior to the command redeptidost shell
check for busy at the responsefd&e¢o Chapter 4.12.3 for detailed descriptéom timing diagrams.

AR2 (CID, CSD register): code length 136 bits. The contents of the CID register are seaspsrse
to the commands CMD2 and CMD10. The contents of the CSD register are serespaae to
CMD9. Only the bits [127...1] of the CID and CSD are transferred, the reservéd] lnt these
registers is replaced by the end bit of the response.

Bit position | 135 134 [133:128] [127:1] 0
Width (bits) | 1 1 6 127 1
Value 0006|000 a11111|x 01
Description s'Fart tr_ansmission reserved QID or CSD reqister e_nd
bit bit incl. internal CRC7 | bit

Table 6-14: Response R2
AR3 (OCR register): code length 48 bits. The contents of the OCR register is sent as a tesponse
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ACMDA41.
Bit position 47 46 [45:40] [39:8] [7:1] 0
Width (bits) |1 1 6 32 7 1
Value 006606 011111]1]x 61111|61
Description sFart tr_a nsmission reserved OC.R reserved e_nd
bit bit register bit

Table 6-15: Response R3

ARG (Published RA response): code length 48 bit. The bits 45:40 indicate the index of the

Bit position | 47 | 46 [45:40] [39:8] Argument field [7:1] |O
Width (bits) | 1 1 6 16 16 7 1
Value 604606 X X X X 01
Description | start | transmissior] conmand | New [15:0] card |CRC |end
bit | bit index published| status bits: |7 bit

( 6000[RCA 23,22,19,12:(
[31:16] (see Table
of 30)

the card

Table 6-16: Response R6

command to be responded-to n t hat case it wild/l b e statQsObitsdtl 1 6
means = CMD3). The 16 MSB bits of the argument field are used for the Published RCA number.

AR7(Card interface condition)lCode length is 48 bits. The card support voltage information is sent by
the response of CMD8. Bits 41% indicate tk voltage range that the card supports. The card that
accepted the suppliedbltage returns R7 response. In the response, the card echoes back both the
voltage range and check patteet in the argument.

Bit position | 47 46 [45:40] |[39:20] | [19:16] | [15:8] | [7:1] | O
Width (bits) 1 1 6 20 4 8 7
Value 600 606 [6001(¢(6000O0 X X X 01
eche
. back
_ start| transmissior] command| reserved| voltage CRC | end
Description . : : : of .
bit bit index | bits accepted 7 bit
check
pattern
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Table 6-17: Response R7

Table 618 shows the format of 'voltage accepted' in R7.

voltage accepted Value Definition
0000b Not Defined
0001b 2.7-3.6V
0010b Reserved for Low Voltage Rang
0100b Reserved
1000b Reserved
Others Not Defined

Table 6-18: Voltage Accepted in R7

6.5 mciroSD Card Status

mcrioSD Cardsupports two card status field as follows:
-CardStatué: compatible to the Multi Medi aCard pr

- GmicroSD_Status : Extended status field of 512bits
mcrioSD Cardand future Application Specific features.

6.5.1 Card Status

The response format R1 contains ab®2field namedcard status This field is intended to transnitie
cardbés status information (which may bspecifed or ed
otherwise, the status entries are always related to the previous issued command. The sdrtfastics
register is according to the CSD entry SPEC_VERS, indicatingyerson of the response formats
(possibly used for later extension$able6-19 defines the different entries of the status. The type and
clear condition fields in the tabée abbreviated as follows:

A Type:

E: Error bit.
S: Status bit.
R: Detected and set for the actual command response.
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X: Detected and set during commarxkeution. The host must poll the card by issuing the status
command in order to read these bits.

A Clear Condition:

A: According to the card current state.

B: Always related to the previous command. Reception of a valid command will clear it (dethya
of one command).

C: Clear by read.

Clear
Bits Identifier Type Value Description Condi-
tion
31 OUT OF RANGE ER X 909? ngThe comma.ndos argume
- - 6106 = e allowed range for this card.
30 ADDRESS ERROR Erx |0 0 0 :_erron ¢ A misaligned address Whlch did not match tf c
- 616 e 1 block length was used in the command.
506 = 1 The transferred block length is not allowed f
29 BLOCK_LEN_ERROR|ERX | 1 &  _ this card, or the number of transferred bytes| C
- - 010= e
does not match the block length.
o8 ERASE_SEQ ERROR| E R (3 0 9 f n ¢ An error in the sequence of erase command c
— — 616 = e occurred.
27 ERASE PARAM ER X (3 0 9 = n ¢ Aninvalid selection of writéblocks for erase c
— 616= e occurred
6006= nq
26 WP_VIOLATION E R X | protected Attempt to program a write protected block.| C
6106= pit
60086 = (
o5 CARD IS LOCKED S X u,nloc£<ed ) When set, signals that the card is locked by A
- = 616 = host
locked
Clear
Bits Identifier Type Value Description Condi-
tion
o LOCK_UNLOCK _ ER X 6006 = n( Setwhen asequence or password c
FAILED 616 = e | errorhas been detectedlatk/unlock
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card command.
23 COM CRC ERROR ER c:> 0 (:) f n o | The CRC chgk:of the previous B
- - 616= er | command failed.

22 ILLEGAL_COMMAND | ER 8 2 g ; 2 > | Command not legal for the card stat{ B
21 CARD ECC EAILED ER X c:> 0 (:) f su Cgrd internal ECC was applied but c
- - 616= f al failedto correctthe data.

20 CC_ERROR ERX g 2 g ; 2 (r) Internal card controller error C
19 ERROR ER X c:> 0 c:J i n o | Ageneral or an unknown error C

0106 = er | occurred during the operation.
17,18 | reserved
can be either one of the following
errors:
5606= nol- The read only section of the CSD
16 CSD_OVERWRITE ERX | 2 - X does not match the card content. C
01l0rer er
- An attempt to reverse the copy (se
as original) or permanent WP
(unprotected) bits was made.
606 = n ol Onlypartial address space was eras
15 WP_ERASE_SKIP S X proteced due to existing write pro tected C
616= pr (blocks.
606 = e n{ Thecommand has been executed
14 CARD_ECC_DISABLED| S X 16 = di s {withoutusing the internal ECC. A
5006= dc | An erase sequence was cleared bef
13 ERASE_RESET SR 616= se executing because an outayhse C
sequence command waeeived
0 =idle
1 =ready
2 =ident The state of the card when receiving
3 =sthy the command. If the command
4 =tran execution causes a state change, it
12:9 CURRENT_STATE SX 5 = data; be visible to the host in the responsq B
6=rcyv, to the next command. The four bits
7 =prg are interpreted askinary coded
8 =dis number between 0 and 15.
9-14 = reserved
15 =reserved
8 READY EOR DATA S X (:) 0 (:) i n o | corresponds to buffer empty signalir A
— — 616= r e{onthebus
7,6 reserved
606 = D The card will expect ACMD, or
5 APP_CMD SR 616 = E indication that the command has C
been interpreted as ACMD
4 reserved
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Bits Identifier Type Value Description Clear
Condi-tion
3 AKE_SEQ_ERROR ER 0 0 0 f Errpr in the sequence of auther
6106 = cation process
2,10 reserved
Table 6-19: Card status

The following table defines for each command responded R} aesponse the affected bits in the

status field. An O0x0 means the err orcomnaadt us
Response Format 1 Status bit #
CMD# 12
31[130(29]|28|27(26]|25|24(23|22|21(20(19]|18|17|16]|15]| 14| 13 9 8
X | x X X
X X X [x |x |x [x |x |x X
X [x |Ix |Ix [x |x |x [x [x |x [x |[x |x |x [x |x [|X
12 X | X X | X X |IX [ X | X |x |xX [|X X X
13 X | X X [x |Ix |Ix [x |x |x [x |[x |x [x |x |x [|Xx X |x
16 X X | X | X | X |[X [X |X |[X [X |X [X |X |X |X |X [X
17 X | X X [x |Ix |Ix [x [x |x [x [x |x [x [x |x |x [x |x
18 X | X X | X | X | X |[X [X |X |[X [X |X [X |X |X |X |X [|X
24 X |x |x X [x |Ix |Ix [x |x |x [x [x |x [x |[x |x |x [x |x [|x
25 X | X [X X [ X [ X | X [ X [X | X |[X [X |X |[X [X |X |X [X |X [X
26 X | x [x |[x |x |x [x [x |x |xXx |[x [x |[x |xX |X |X
27 X |IX | X [x |[x | X |X [x [x |[x |X |X [xX [X |[X [|X
28 X X | x [x |[x |x |x [x [x |x |xX |[x [x |[x |xX |X |X
29 X X |IX | X [x |[x | X |X [x [x |[x |X |X [xX [xX |[xX [|X
30 X X | X | X | X |[X [X |X |[X [X |X [X |X |X |X |X [|X
32 X X [x |x |x [x |x |x [x [x |x [x [x |x |x [x |x [|x
33 X X [ X [ X | X | X [X | X |[X [X |X |[X [X |X |X [X |X [X
38 X |Ix [x |x |Ix [x [x |x |Ix [x [x |x |[x [x |x |x [x
42 X |IX | X [x |[x |x |X [x [x |[x |X |X [x [xX |[xX [|X
55 X | x [x | x |x |x [x |[x |x |x |[x [x |[x |x |xX |X
56 X [x |Ix |Ix [x |x |x [x [x |x [x |[x |x |x [x |x [|Xx
ACMD
6 X X |x |Ix [x [x |x |[x [x |x [x [x |x |x [x |x [x
ACMD
13 X |x |Ix [x [x |x |[x [x |x [x [x |x |x [x |x [x
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Response Format 1 Status bit #
CMD# 12
31(30(29|28|27|26(25|124|123|22(21(20]|19]|18|17(16|15]|14 |13 9 8 |5
ACMD
22 X |x |Ix [x [x |x |[x [x |x [x [x |x |x [x |x [Xx X
ACMD
23 X |x |Ix [x [x |x |[x [x |x [x [x |x |x [x |x [Xx X
ACMD
42 X |x |Ix [x [x |x |[x [x |x [x [x |x |x [x |x [X X
ACMD
51 X |x |Ix [x [x |x |[x [x |x [x [x |x |x [x |x [X X

Table 6-18: Card status field / command - cross reference

6.5.2 mciroSD Status

The microSD Status contains status bits that are related totn®SD Cardproprietary features and

may be used for future application specific usage. The size oitheSD Status is one data block of

512bit. The content of this registertransmitted to the Host over the DAT bus along with 1&€RC.

The SD Status is sent to the host over the DAT bus if ACMD13 is sent (CMD55 followed with
CMD13) . ACMD13 can be tgemt @ drdais seléciedmcrtbSDoStatuy i n
strudureis described in bellownl he same abbreviation for O0typeob
the Card Status above.

Clear
Bits Identifier Type | Value Description Condi-
tion
511: g 8 2 g i rl e g g ? 1 Shows the currently defined data by
510' DAT_BUS_WIDTH SR 6006 = _4 bit width that was defined by A
; L SET_BUS_WIDTH command
01106= reser
509 SECURED MODE |sRr [200= Not 1N 4isinSecured Mode of operatiq A
6016= I n Sec.|
508: reserved
496
00xxhd= SD
Cards as defined in In thefuture, the 8 LSBs will be used
Physical Spec Ver1.01 | to define diferent variations of an Si
2.00 (06x06=dqMemoryCard (Each bitwill define
495 SD_CARD_TYPE SR The following cards are | different SD Types). The 8 MSBs A
480 currently defined: will _
00006= R be used to define SD Cards that do
0= €91 hot comply with current
RD/WR Card.
00016= SD
479: SIZE_OF _PROTEC SR in units of Theactual area = A
448 TED_AREA MULT*BLOCK_LEN (SIZE_OF_PROTECTED_ AREA) *
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refer to CSD register MULT * BLOCK_LEN.
447: SPEED_CLASS SR Speed Class of the card | (See below) A
440 (See below)
439: PERFORMANCE_M [ SR Performance of move (See below) A
432 OVE indicated by 1 [MB/s]

step. (See below)
431: AU_SIZE SR Size of AU (See below) [ (See below) A
428
427: reserved
424
423: ERASE_SIZE SR Number of AUs to be (See below) A
408 erased at a time
407: ERASE_TIMEOUT | SR Timeout value for erasing (See below) A
402 areas specified by

UNIT_OF ERASE AU
401: ERASE_OFFSET SR Fixed offset value added | (See below) A
400 to erase time.
399:312| reserved
311.0 reserved

Table 6-19: microSD Card Status

A SI ZE_OF PROTECTED_AREA

Setting this field differs between Standardliadigh Capacity Cards.

In the case of a Standard Capacity Card, the capacity of protected area is calculated as follows:
Protected Area = SIZE_OF_PROTECTED_AREA_* MULT * BLOCK_LEN.
SIZE_OF_PROTECTED_AREA is specified by the unitin MULT*BLOCK_LEN.

In thecase of a High Capacity Card, the capacity of protected area is specified in this field:
Protected Area = SIZE_OF_PROTECTED_AREA

SIZE_OF _PROTECTED_AREA is specified by the unit in byte.

A  SPEED_CLASS
This 8bit field indicates the Speed Class and theevaln be calculated by Pw/2.

SPEED_CLASS Value Definition
00h Class 0

01h Class 2

02h Class 4

03h Class 6

04hi FFh Reserved

Table 6-20: Speed Class Code Field

A - PERFORMANCE_MOVE

This 8bit field indicates Pm and the value cansbéby 1 [MB/sec] step. If the card does not move
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used RUs, Pm should be considered as infinity. Setting to FFh means infinity. The minimum value of
Pm
is defined by in Tablé-21.

PERFORMANCE_MOVE Value Definition
00h Not Defined

01h 1 [MB/sec]

02h 2 [MB/sec]

FEh 254 [MB/sec]
FFh Infinity

Table 6-21: Performance Move Field

A AU_SI ZE

This 4bit field indicates AU Size and the value can be selected in power of 2 from 16 KB.

Value
B SIS Definition
Oh Not Defined
1h 16 KB
2h 32 KB
3h 64 KB
4h 128 KB
5h 256 KB
6h 512 KB
7h 1 MB
8h 2 MB
9h 4 MB
AhT1 Fh Reserved

Table 6-22: AU_SIZE Field

The maximum AU size, depends on the card capacity, is defined in
Table6-23. The card can set anyAsize between RU size and maximum AU size.

Capacity 16 MB1 64 MB 128 MB-256 MB 512 MB 1 GBi 32 GB
Maximum AU Size 512 KB 1 MB 2 MB 4 MB

Table 6-23: Maximum AU size

A  ERASE_SI ZE
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This 16bit field indicates NERASE. When NERASE numberg\bfs are erased, the timeout value is
specified by ERASE_TIMEOUT (Refer to ERASE_TIMEOUT). The host should determine proper
number of AUs to be erased in one operation so that the host can indicate progress of erase lbperation.

this field is set to 0O, therase timeout calculation is not supported.

ERASE_SIZE Value Definition

0000h Erase Timeout Calculation is not supported.
0001h 1 AU

0002 2 AU

0003 3 AU

FFFFh 65535 AU

Table 6-24: Erase Size Field

A . ERASE_TI MEOUT

This 6-bit field indicates the TERASE and the value indicates erase timeout from offset when multiple
AUs are erased as specified by ERASE_SIZE. The range of ERASE_TIMEOUT can be defined as up
to 63seconds and the card manufacturer can choose any combioRERASE_SIZE and
ERASE_TIMEOUT depending on the implementation. Once ERASE_TIMEOUT is determined, it
determines the ERASE_SIZE. The host can determine timeout for any number of AU erase by the
Equation (6). Refer to 4.14 for the concept of caloutperase timeout. If ERASE_SIZE field is set to

0, this field shall be set to 0.

ERASE_TIMEOUT Value Definition

00 Erase Timeout Calculation is not supported.
01 1 [sec]

02 2 [sec]

03 3 [sec]

63 63 [sec]

Table 6-24: Erase Timeout Field

A . ERASE_OFFSET

This 2bit field indicates the TOFFSET and one of four values can be selected. The erase offset adjusts
theline by moving in parallel on the upper side. Refer to Figt88 4nd Equation (6) in 4.14. This
field is meaningless if ERASE_SIZE and ERASE_TIMEOUT fields are set to 0.

ERASE_OFFSET Value Definition
Oh 0 [sec]
1h 1 [sec]
2h 2 [sec]
3h 3 [sec]

Table 6-25: Erase Offset Field
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6.6 Card Identification Mode and Data Transfer Mode

Two operation modes @defined for th&D Cardsystem:

ACard identification mode

The host will be in card identification mode after reset and while it is looking for new catils bus.
Cards will be in this mode after reset until the SEND_ RCA command (CMD&esved.

AData transfer mode

Cards will enter data transfer mode once their RCA is first published. The host will enteadster
mode after identifying all the cards on the biike following table shows the dependencies between
operation modes and card stateéach statén the SD Cardstate diagram (see FiguBeB) is associated
with one operation mode:

CARD STATE OPERATION MODE

Inactive State inactive

Idle State d identificati

Ready State card identification
P— mode

Identification State

Standby State

Transfer State
Sendingdata State
Receivedata State
Programming State
Disconnect State

data tansfer mode

Table 6-26: Overview of Card States vs. Operation modes

While in card identification mode the host resets all the cards that are indeatdication mode,
validates operation voltage range, identifies cards and asks them to publish Relative Card Address
(RCA). This operation is done to each card separately on its own CMD line. All data communication

the Card Identification Mode us#ee command line (CMD) only.

6.6.1 Card Identification Mode

While in card identification mode the host resets all the cards that are in card identification mode,
validates operation voltage range, identifies cards and asks them to publish Relative Card Address
(RCA). This operation is done to each card separately on its own CMD line. All data communication in
the Card Identification Mode uses the command line (CMD) @uying the card identification

process, the card shall operate in the SD clock frequertbg mfentification clock rate®D .
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The command GO_IDLE_STATE (CMDO) is the software reset command and sets each card into Idle
State regardless of the current card state. Cards in Inactive State are not affected by this command.
After poweron by the has all cards are in Idle State, including the cards that have been in Inactive

State beforeAfter poweron or CMDO, al | cardsoé6 CMD | ines are
the next command.he cards are initialized with a default relative catdrass (RCA=0x0000) and

with a defauldriver stage register setting (lowest speed, highest driving current capability).

At the start of communication between the host and the card, the host may not know the card supported
voltage and the card may not kmavhether 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. To
verify the voltage, a following new command (CMD8) is defined in the Physical LayeffiSaton

Version 2.00SEND_IF_COND (CMDS8) is used to verify SD Memory Card interface operating
condition. The car@¢hecks the validity of operating condition by analyzing the argument of CMD8 and
the host checks thalidity by analyzing the response oMD8. The supplied voltage is indicated by
VHS filed in the argument. The card assumes the voltage specified in VHS as the current supplied
voltage. Only 1bit of VHS shall be set to 1 at any given time. Both CRC and check pattern are used for
the host to lseck validity of communication between the host and the ffatee card can operate on

the supplied voltage, the response echoes back the supply voltage emecthpattern that were set in

the command argumert.the card cannot operate on the sugghivoltage, it returns no response and
stays in idle state. It imandatory to issue CMD8 prior to first ACMDA41 for initialization of High
Capacity SD Memory Carnbee Figuré-27). Receipt of CMD8 makes the cards realize that the host
supports the PhysithayerVersion 2.00 and the card can enable new functibrsalso mandatory

for low-voltage host to send CMD8 before ACMDA41. In case that a Dual Valiaggis not receiving
CMDS8 the card will work as a higholtage only card, and in this case th#&iwa voltagehost didn't

send CMDS8 the card will go to inactive at ACMDAD_SEND_OP_COND (ACMDA41) is designed

to provide SDMemory Card hosts with a mechanismdentify and reject cards which do not match

the VDD range desired by the host. This is agglished bythe host sending the required VDD voltage
window as the operand this commandCards which cannot perform data transfer in the specified
range shall discard themselves from furtities operations and go into Inactive State. The levels in the
OCR register shall be defined accordingly. Note that ACMDA41 is application specific command,
therefore APP_CMD (CMD5%hall always precede ACMD41. The RCA to be used for CMD55 in

i dl e_state s halRCAb@OODOARer ticedhostisSuesraset dommand (CMDO) to
reset the card, the host shall issue CMD8 prigk@D41 to reinitialize the SD Memory card.

Your Ultimate Memory Solution!

_A = ==
61 ATP Confidential & Proprietary Eéé




Revision2.7ADV ATP Industrial GradenicroSDHC CardSpecification 4GB_8GB

CMOD «
SPI Operation \e=——— s Assertec CMOC from all states except (ina)
Mode ("0")
H - If card cannot operats under supplied voltage,
] card doesn't respond and return to "idie Siate’
I
I
It 's mandatory for the host comphant
to Physical Speo Version 2.00
t 5 baf 1
feon / v : to send CMDS before ACMD4
card retumns busy or Inactive

host omiti=d voltage range Stat=(ina)

No Response
(Non valid command)
Must be a

MultMediaCard

2 cards with non compatible
2 voltage rangs

Start MultiMegiaCan CMEI i

initialization process

starting at CMD1 |
Identification
State(ident)

Card responds wit
card- identification mode npew RCA

_..___t. ____________________________________________ —

Y
data- transfer mode Stand by Stat from all states in
{stby) data- transfes mode

Card responds with
new RCA

(*1) Note : Card returns busy when
- Card executes internal initialization process
- Card is High capacity SO Memory Card and host doesn't support High capacity
This means that CMDS is mandatory to initalize High capacity SO Memory Card

Figure 6-27: microSD Card state diagram (card identification mode)

By setting the OCR to zero in the argument of ACMDA41, the host can query each card and determine
the common voltage range before sendingaftrange cards into theactive Statéquery mode). This

query should be usetithe host is able to select a common voltage range or if a notification to the
application of non usable cards in the stack is desired. The card does not start initialization if ACMD41
isissued as a query. Afterwards, the host may choose a voltagesfatiop and reissue ACMDA41 with

this condition, sending incompatible cards intolttective StateDuring the initialization procedure,

the host is not allowed to change the operating voltage range.

After the bus is activated the host starts card iaéibn and identification process (See FigbH28).

The initialization process starts with SD_SEND_OP_COND (ACMDA41) by setting its operational
conditions and the HCS bit in the OCR. The HCS (Host Capacity Support) bit set to 1 indicates that the
host suports High Capacity SD Memory card. The HCS (Host Capacity Support) bit set to O indicates
that the host does not support High Capacity SD Memory card.

Receiving of CMD8 expands the ACMD41 function; HCS in the argument and CCS (Card Capacity
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Status)inthe esponse. HCS is ignored by cards, which
should set HCS to O if the card returns no response to CMD8. Standard Capacity SD Memory Card
ignores HCS. If HCS is set to 0, High Capacity SD Memory Card never retusnstesuae (keep busy

bit to 0). The busy bit in the OCR is used by the card to inform the host that initialization of ACMDA41
is

completed. Setting the busy bit to 0 indicates that the card is still initializing. Setting the busy bit to 1
indicates completio of initialization. The host repeatedly issues ACMDA41 until the busy bit is set to 1.
The card checks the operational conditions and the HCS bit in the OCR only at the first ACMDA41.
While

repeating ACMDA41, the host shall not issue another command exgkpd.C

If the card responds to CMD8, the response of ACMDA41 includes the CCS field information. CCS is
valid when the card returns ready (the busy bit is set to 1). CCS=1 means that the card is a High
Capacity SD Memory Card.

CCS=0 means that the card istarflard Capacity SD Memory Card.

The host performs the same initialization sequence to all of the new cards in the system. Incompatible
cards are sent intoactive StateThe host then issues the command ALL_SEND_CID (CMD2), to

each

card to get its uniqueard identification (CID) number. Card that is unidentified (i.e. which Rdaady

Statg sends its CID number as the response (on the CMD line). After the CID was sent by the card it
goes intddentification StateThereafter, the host issues CMD3 (SENRELATIVE_ADDR) asks the

card to publish a new relative card address (RCA), which is shorter than CID and which is used to
address the card in the future data transfer mode. Once the RCA is received the card state changes to
the Standby State At this pant, if the host wants to assign another RCA number, it can ask the card to
publish a new number by sending another CMD3 command to the card. The last published RCA is the
actual RCA number of the card.

The host repeats the identification process, i.ecyukes with CMD2 and CMD3 for each card in the
system.
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or Ver1 X SD
ornot SD M

QQOO or later SD Memory Card{voltage rns'na'c;\

Memory Card
emory | Ca rd _

No respons:

ACMD4
with HCS=0

Card with compatible

Ver2.00 or later
SD Memery Card/

Vd'.arg range

cards with non compatible
voltage range(card goes 1o _ACMD41 -
ina’ state) or timeout with HCS=0or
{no respense or busy) cocurs Card return
busy
Card reumns
\ reagy
Qot SO Memory Card ) Card rerums ready”
r
Verlx Ver2.00 or laer
Standard Capacity Standard Capacity
S0 Memacy Card/ _SD Memory Card

= Card returns response

Non- compat ble woliage range
Of chedk Patern & Nt cormect

Compatble voltage rangs
and check pattern is correct

/ If host supports high capacity, HCS is setto 1

cards with non compatble volage range
/ ortime out(no response or busy) ocours

Unuszatle

Ver2 00 or later
High Capacity
SD Memory Card,

Figure 6-28: Card Initialization and Identification Flow (SD mode)

6.6.2 Data Transfer Mode

Until the end of Card Identification Mode the host must remaigmfréquency because somards
may haveoperating frequency restrictions during the card identification mode. In Data Triteder
the host may operate the carddpffequency range. The host issB#SND_CSD (CMD?9) to obtain the

Card Specific Data (CSD register), e.g. block length, semdge capacity, etc.

CMD7 is used to select one card and put it into Thensfer StateWhen CMD?7 is issued with the
a ddr swmwby stataNote @hatdt ,is tha | |

reserved rel at

ive card

responsibility of the Host to reserthe RCA=0 for card dselection.
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cmos| | cmDrg
card identification
mode
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CMD13, CMDS4
no state transition
in data transfer mode CMD8,17.18,30,56(r)
ACMD13,22,51
ggaﬁ. 32, 33
ACMBs2

transfer en

Figure 6-29: microSD Card state diagram (data transfer mode)
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6.7 Error Handling

To correct defects in the memory fiettside cardhe cardinclude error correction codes in the payload

data (ECC). This correiohn is intended to correct static errors. Additionally two methods of detecting
errors generated during the data transfer (dynamic errors) via a cyclic redundancy check (CRC) are
implemented

6.7.1 Error Correction Code (ECC)

The ATP SDCard is free of staticreors. All errors are covered inside the card, even errors occurring
during the lifetime ofthe cardare covered for the user. The only effect which may be notified by the
end user is, that the overall memory capacity may be reduced by small numberkef Blbdlash
handling is done on card, so that no external error correction is needed.

6.7.2 Cyclic Redundancy Check (CRC)

The CRC is intended for protectingD Card commands, responses and data transfgainst
transmission errors on tieD Cardbus. One CR is generated for every commaadd checked for
every response on the CMD line. For data blocks one CRC per trandflerckds generated. The CRC
is generated and checked as described in the following.

A CRC7
The CRC7 check is used for all commands,dibresponses except type R3, and for the CSDCGiBd
registers. The CRCY7 is abit value and is computed as follows:

generator polynomial: G(x) = x> + 1.

M(x) = (first bit) * x" + (second bit) * ¥* +...+ (last bit) * X

CRCJ[6...0] = Remainder |{(x) * x ) / G(X)]
The first bit is the most left bit of the corresponding bitstring (of the command, response, CHD pr
The degree n of the polynomial is the number of CRC protected bits decreased by anemibéeof
bits to be protected is 40 foommands and responses (n = 39), and 120 for thea@8LTID (n = 119).

A CRC16

In case of one DAT line usage (as in MultiMediaCard) than the CRC16 is used for payload protection
in block transfer mode. The CRC check sum is-hiL&alue and is computed $ollows:

generator polynomial G(x) =t%+x? +x° +1

M(x) = (first bit) * x" + (second bit)* ¥* +...+ (last bit) * X

Your Ultimate Memory Solution!

=—=£§Eé‘
66 ATP Confidential & Proprietary -




Revision2.7ADV ATP Industrial GradenicroSDHC CardSpecification 4GB_8GB

CRC[15...0] = Remainder [(M(x) *X) / G(x)]

The first bit is the first data bit of the corresponding block. The degoé¢he polynomial denoteshe
number of bits of the data block decreased by one (e.g. n = 4095 for a block lengthbgtes)2The
generator polynomial G(x) is a standard CCITT polynomial. The code has a mastaaice d=4 and

is used for a payload length of up 2048 Bytes (n <= 16383Jhe same CRC16 methaslused in
single DAT line mode and in wide bus mode.wide bus mode, the CRC16 is done on each line
separately

6.7.3 CRC and lllegal Command

All commands are protected by CRC (cyclic redundancy check)bits.tth e addr e sleekd c a
fails, the card does not respond and the command is not executed. The card dbesg®its state,

and COM_CRC_ERROR bit is set in the status regiSenilarly, if an illegal command has been
receivedthe cardwill not change its statayill notresponse andill set the ILLEGAL_COMMAND

error bit in the status register. Only the remnodataneous state branches are shown in the state
diagramscontainsa complete state transition description.

There are different kindsf illegal commands:
A Commands which belong to classes not alyppor:t

cards).
A  Commands not allowed in the current state (e
A  Commands which are not defined (e.g CMD5)

6.7.4 Read, Write and Erase Time-out

The times after which a tiraeut condition for read operations occurs are (card indepereidreg)y 100
times longerthan the typical access times for these operations given leeld®0ms (thelower of
them). The times after which ainte-out condition for Write/Erase operations occurs ésard
independentgither 100 times longerthan the typical program times for these operatgimen below
or 250ms (the lower of them)A card shall complete the command within this tipeeiod, or gve up
and return an error message. If the host does not get any response with thergiveat it should
assume the card is not going to respond anymore and try to recover (e.theeset, power cycle,
reject, etc.). The typical access and progtiames are defined as follows:

A Read

The read access time is defined as the sum of the two times given by the CSD parametees@AAC
NSAC . These card parameters define the typical delay between the eidHatread command and
the start bit of the da block. This number is card dependent and shoeildsed by the host to calculate
throughput and the maximal frequency for stream read.

A Write
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The R2W_FACTOR field in the CSD is used to calculate the typical block program time obtained by
multiplying the read access time by this factor. It applies to all write/erase commands (e.g.
SET(CLR) WRITE_PROTECT, PROGRAM_CSD and the block write commands).

A Erase

The duration of an erase command will be (order of magnitude) the number of write blocks
(WRITE_BL) to be erased multiplied by the block write delay.
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7 SPI Mode

7.1 Introduction

The SPI mode consists of a secondary communication protocol which is offeradiro$D Card.
This mode is a subset of tf8D Cardprotocol, designedo communicatevith a SPI channel, The
interface is selected during the first reset command after power up (C8fld0Ogannot be changed
once the part is powered on.

7.2 SPIBUS Topology

The ATP microSD Card SPI interface is compatible with SPI hosts availan the market. As any
other SPI device th&TP SD Card SPI channel consists of the following four signals:

CS: Host to card Chip Select signal.
CLK: Host to card clock signal
Dataln: Host to card data signal.

DataOut: Card to host data signal.

Another SPI common characteristic are byte transfers, which is implemented in the card as well. All
data tokens are multiples of bytes (8 bit) and always byte aligned to the CS signal.

The card identification and addressing methods are replaced by a ha@mar8elect (CS) signal.
There are no broadcast commands. For every command, a card (slave) is selected by asserting (active
low) the CS signal (see Figurel).

The CS signal must be continuously active for the duration of the SPI transaction (conmespodse
and data). The only exception occurs during card programming, when the host can deassert the CS
signal without affecting the programming process.

The SPI interface uses the 7 out of tharoSD 9 signals (DAT1 and DAT 2 are not used, DAT3 is the
CSsignal) of the SD bus.
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Figure 7-1: mciroSD Card system (SPI mode) bus topology
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7.3 SPI Bus Protocol

While the SD Memory Card channel is based on command and data bit streams that are initiated by a
start bit and terminated by a stop ltlite SPI channel is byte oriented. Every command or data block is
built of 8-bit bytes and is byte aligned to the CS signal (i.e. the length is a multiple of 8 clock cycles).
The card starts to count SPI bus clock cycle at the assertion of the CS sigmalc&@wmand or data
token shall be aligned to-@ock cycle boundarySimilar to the SD Memory Card protocol, the SPI
messages consist of command, response and datdblaaks. All communication between host and
cards is controlled by the host (mastefieThoststarts every bus transaction by asserting the CS signal
low. The selected card always responds to the command as opposed to the SWheydéie card
encounters a data retrieval problem in a read operation, it will respond with amesponsewhich
replaces the expected data block) rather than by a timeout as in the SDAdditlenally, every data
block sent to the card during write operations will be responded with aedatanse token.
In the case of a Standard Capacity Memory Card, abilat can be as big as one card write blaok
as small as a single byte. Partial block read/write operations are enabled by card options spnfied
CSD registerin the case of a High Capacity SD Memory Card, the size of data block is fixed to 512
bytes. The blockength set by CMD16 is only used for CMD42 and not used for memory data transfer.
So, partial blockread/write operations are also disabled. Furthermore, Write Protected commands
(CMD28, CMD29 andCMD30) are not supported.
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It is mandatory for the host compliant te In SPf mode from any st SO Bus .
Physical Spec Versicn 2.00 to send CMDS vid Cperation Moges \
1 .
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\\\ L/
> - ~ - - - ol ”
Non - t- _______
supportad
vellage range
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= - --—
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firstly inftializ=d by using CMDQ and ACMD41. In any of the cases CMD1 is net recommended because it may be difficult for the host
tc aistinguish between MultiMediaCard and SD Memory Carc.

If the SD card s initis zed by CMD1 and the host neat T as MMC card, not SD card, the Dats of the card may be damaged because of
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Figure 7-2: SD Memory Card State Diagram (SPI mode)

Your Ultimate Memory Solution!

_A E‘ :
71 ATP Confidential & Proprietary E_Eé




Revision2.7ADV ATP Industrial GradenicroSDHC CardSpecification 4GB_8GB

7.3.1 Mode Selection and Initialization

ThemicroSD Card is powered up in the SD mode. It will enter SPI mode if the CS signal is asserted
(negative) during the reception of the reset command (CMDQ0). dfatterecognizes that the SD mode

Is required it will not respond to the command and remain in the SD mode. If SPI mode is required, the
card will switch to SPI and respond with the SPI mode R1 respdhsenly way to return to the SD
mode is by enterinthe power cycle. In SPI mode, the SD Cgaratocol state machine in SD mode is

not observed. All thenicroSD Card commands supported in SPI madealways availablé&igure 73
shows the initialization sequence of SPI m@&END IF_COND (CMD8) is used teerify microSD
Memory Card interface operating condition. rgument format of CMD8 is the same as defined in

SD mode and the response format of CMD@&aBned in Section 7.3.2.6. The card checks the validity
of operating condition by analyzing taegument of CMD8 and the host checks the validity by

analyzing the response of CMD8. The supplietfage is indicated by VHS filed in the argument. The
card assumes the voltage specified in VH8asurrent supplied voltage. Onlybit of VHS shall be

set b 1 at any given time. Check pattern is usgdhe host to check validity of communication

between the host and the cdfdhe card indicates an illegal command, the card is legacy and does not
support CMD8. If the cardupports CMD8 and can operatetba supplied voltage, the response

echoes back the supply voltaged the check pattern that were set in the command arguiméGi

in the response is set to 0, the card cannot operate on the supplied voltage. If check pattern is
matched, CMD8 commmuication is not valid. In this case, it is recommended to retry CSHa@ience.
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Figure 7-3: SPI Mode Initialization Flow
READ_OCR (CMD58) is designed to provigeicroSD Memory Card hosts with a mechanism to
identify cards that do not match the VDD range desired by the hose Hdst does not accept voltage
range, itshall not proceed further initialization sequence. The levels in the OCR register shall be
definedaccordingly SD_SEND_OP_COND (ACMDA41) is used to start initialization and to check if
the card has completaditialization. It is mandatory to issue CMD8 prior to the first ACMDA41.
Receiving of CMD8 expands tl&VD58 and ACMD41 function; HCS (High Capacity Support) in the
argument of ACMDA41 and CC&ard Capacity Status) in the response of CMD58. HCS is ignored by
thecar d, whi c hCMB8. gtandatd Capacayeim$ D Me mory Card i gnor e
i dl e stateo bi tACMD4L is bsed bRRthe carete ipform ghe hog if initialization of
ACMDA41 is completed. Setting thishiito A 1 0 i rhe cacdaststédl mitializing Setting this bit
to A0OO indicates ¢ Ohaposteepaatedty issués ACMDAL untd this kut & set to n .
noo. The card c hecksnlyiathhe first BGVID4LI Whilei repeating ACMDAT R
the hos shall not issue another command exc€MDO. After initialization is completed, the host
should get CCS information in the response of CMD58. CG&lid when the card accepted CMD8
and after the completion of initialization. CCS=1 means thatctttd 5 a High CapacitynicroSD
Memory Card. CCS=0 means that the card is a Standard Cap&witD.
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