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• AU_SIZE 
This 4-bit field indicates AU Size and the value can be selected from 16 KB. 

AU SIZE Value Definition 
Oh Not Defined 
1h 16 KB 
2h 32 KB 
3h 64 KB 
4h 128 KB 
Sh 256 KB (\ 
6h 512 KB V 
7h 1 MB A 

8h 2MB \V 
9h 4MB ) \ 
Ah 8MB ,,-..._ V-'\ 

Bh 12 MB I ,..... '\. 
Ch 16 MB \ u" 
Oh 24MB \ \?"/ l \ 
Eh 32MB ,'\_\VJ 
Fh 64MB ~ 

Table 4-46: AU / SIZEJF1e1d 
-\ 

The maximum AU size, depends on the card capacity, is d fined in Table 4-47. The card can set any AU 
size specified in Table 4-46 that is less than (o"r equal to the maximum AU size. The card should set 
smaller AU size as much as possible. ~ \ \J 

u to 256MB u to512MB u to 32GB u to 2TB 
""'\ '-1 MB 2MB 4MB 64MB 

Table 4-47--: Maximum AU size 
<'--.. /1 

Application Notes: \ e_ 
The host should determine\ hos!j>uffer size based on total busy time of 4MB and the card supported 
class. The host can treat multiple AUs combined as one unit. 

• ERASE SIZE~ \\ 
This 16-bit fl~ld ~i~ates NERASE· When NERAsE numbers of AUs are erased, the timeout value is 
specified by E~SE~TIMEOUT (Refer to ERASE_ TIMEOUT). The host should determine proper 
numbey of ~ Us to be erased in one operation so that the host can indicate progress of erase operation. 
H this~ seNo O the erase timeout calculation is not supported ' / 

ERASE SIZE Value Definition 
'oOOOh Erase Time-out Calculation is not suooorted. 

< 0001h 1 AU 
0002 2AU 
0003 3AU 
.... ... ....... 
FFFFh 65535AU 

Table 4-48: Erase Size Field 
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• ERASE_ TIMEOUT 
This 6-bit field indicates the T ERASE 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 63 
seconds and the card manufacturer can choose any combination of ERASE_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 numbrro f AU erase by the 
Equation (6). Refer to 4.14 for the concept of calculating erase timeout. If ERASF_SIZE field is set to 0, 
this field shall be set to 0. \ 

-------'\. ERASE TIMEOUT Value Definition 
00 Erase Time-out Calculation is not lsupported. 
01 1 [sec] \ I 

02 2 [sec] " '\. '\. '-- _,) 
03 3 fsecl \" 
.. ..... ....... \A '\. "'V 
63 63 [sec] '-/) 

. ~ 

• ERASE_OFFSET 

Table 4-49. Erase T11Jleout ?"0/ 
This 2-bit field indicates the T o FFsET and one of four v~ ues~can be selected. The erase offset adjusts the 
line by moving in parallel on the upper side. Refer to Figure<4i 57 and Equation (6) in 4.14. This field is 
meaningless if ERASE SIZE and ERASE TIMEOTUJ:..:fields arelset to 0. - - ~ 

ERASE OFFSET Value Definition 
Oh .r"-..... ' ) ) a fsecl 
1h I 1 [sec] 
2h \ V - \ 2 [sec] 
3h /','---../ )) 3 [sec] 

: Erase Offset Field 
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• UHS_SPEED_GRADE 

• 

This 4-bit field indicates the UHS mode Speed Grade. Reserved values are for future speed grades 
larger than the highest defined value. Host shall treat reserved values (undefined) as highest grade 
defined. 

UHS SPEED GRADE Value Definition 
Oh Less than 1 OMB/sec 
1h 1 OMB/sec and above 
2h-Fh Reserved 

Table 4-51: UHS SPEED GRADE F.\ ield / ~ \ 

- - \~\ 
UHS_AU_SIZE '\. ~ \ 

This 4-bit field indicates AU Size for UHS-I and UHS-11 cards. Card should set smaller value as much as 
possible. Host shall refer to UHS_AU_SIZE instead of AU_SIZE when the ca~d is operating in UHS-I or 
UHS-11 bus speed modes. ~ '\J 

I' "" "' l 
UHS AU SIZE Value Definition \_/,-_'\_ -

Oh Not Defined c { l ) ), 

1h -6h Not Used '\. '\. \ '-/ l 
7h 1 MB ) '\_ '\_ "--,I. 

8h 2MB r ,- ~/\ '\.) 
9h 4MB \ ) \ 

Ah 8MB~ 
Bh 12 MB -
Ch 16 MB \ \ 
Dh /.2 4 :M B '-.J )-

Eh ( 32,M~ ~ 
Fh 64,MB \ 

TableA-S~ S _AU_ SIZE Field 

4.11 Memory Array ::rtitio~ 
This section is a blank in th S.j,mP,lif~a-p pecification. 
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4.12 Timings 
This section is a blank in the Simplified Specification. 
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4.13 Speed Class Specification 
The Speed Class Specification classifies card performance by Speed Class number and offers a 
method to calculate performance. The specification enables the host to support AV applications to 
perform real t ime recording to an SD memory card. The following sections describe the Speed Class 
specification for the card. Refer to the Application Notes for an example of host implementation. 
Figure 4-46 shows an overview of the Speed Class Specification. Class 2, 4 ,R~6 are defined and 
achieve in Default Speed Mode while Class 10 requires High Speed Mode. Speed-Gr de 1 is defined in 
UHS-I and UHS-11 modes. ~ 

High Speed Mode 

UHS-1 and UHS-11 

SDSC 
(AU =<4MB) 

SDHC 
(AU =<4MB) 

Figure 4-46: Overview of-S~ e €1iss Specification 

Section 4 .13.1 describes Speed Class s 9e-ci1J.c ti nJ6r SDSC and SDHC. 
Section 4 .13.2 describes Speed Class Speclfj.cat_1 r-Lfo SDXC. 
Section 4.13.3 describes Speed Grade ~ on for UHS-1 and UHS-11 Card. 

4.13.1 Speed Class Spec1ficati~ DSC and SDHC 

Logo 

4.13.1.1 Allocation Unit (A~ 
The User Area is divided int~6its"c~d "Allocation Unit (AU)" (Refer to Figure 4-47). AU is physical 
boundary in User Area of a card1and Is not defined by the file system boundary. Each card has its own 
fixed AU Size ~u) and the ~~ximum AU Size is defined depending on the card's capacity. The host 
should manage data'areas wit~~he unit of AU. If the first AUs in the card contain file system information 
then they sp6ul8nots_be used fof real time recording. An AV application should start recording from the 
first complete ¼.u, to wh1 h only user data can be recorded. Note that this specification does not apply 
to the P -t c~ rea . ............... ~ ............... r ,---,,.,,....,,--

~~, / 

<::YJ ~ 

AU1 

AU2 

Area AU3 
,, 

AU4 
Recordable Area 

l AUn 

RU1 

RU2 

RU3 

•. RUm 

Figure 4-47: Definition of Allocation Unit (AU) 
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4.13.1.2 Recording Unit (RU) 
Each AU is divided into units called "Recording Unit (RU)" (Refer to Figure 4-47). The unit of RU Size 
(SRu) is 16KBye. The RU Size is a multiple of 16KByte and shall not span across an AU boundary. 
Larger RU size may improve performance. The condition and requirement of the minimum RU Size is 
defined by Section 4.13.1.8.1. The number of RUs in an AU (NRu) is calculated from SAu/SRu• 

4.13.1.3 Write Performance /'s 
Figure 4-48 shows the typical data management of the card when the host write·s RUs of an AU. When 
the host writes to a fragmented AU, the card prepares a new AU by copying th~ usedRUs and writing 
the new RUs .. The location A is at the start of the AU boundary and location B is at the end of the AU 
boundary. From A to B, the host shall write data to free RUs contiguously;apdskip used RUs (shall not 
skip any free RU). The card may indicate busy to the host, so the host can 1ait, quring the time the 
card controller is writing and moving data. The total write time fr9m \ .to~) can be calculated by 
summing up the write time of free RUs and the moving time of the used Rt.ls. The number of used RUs 
(Nu) is available by counting it over one AU and number of free RUs is expressed by (NRu - Nu). 

Existing AU 

RU 

Free Used Free Free Used Used Free 

Write Write 
-....... -....... 

New AU Data1 Data2 

~ 
Skip 

( (' \ Skip 

Write 
-....... 

Data5 . ....... DataN 

Figure 4-48 : Exampl~ f---Writing Fragmented AU 

The average Performance of a Fragme~~dAlJ'f.'n be calculated by dividing the number of free RUs f tm~.• total execution time. It is •~~sing Performance Wile (Pw) and Performance Move 

P rf f: t ::;;d~ IU :). P( Ar. )- SRU(NRu -Nu) 
e ormance o "ragmen e ~ · lVU - S (N _ A r. ) S A r. 

RU RU l VU + RUlVU 
~ Pw Pm 

(NRu -Nu)PmPw 
~ = (NRu -Nu)Pm+NuPw ··························(1) 

The Performance Write (Pw) is defined as a minimum average write performance over an AU. It is 
calculatecl by takiRg the ar erage of all sequential RU write operations to one complete AU, which is not 
frag1er ecl. Pw is not 1uenced even if read operations are inserted between write operations. 

The Perf~ Move (Pm) is defined as a minimum average move performance. It is calculated by 
taking tll6 vera1e over sequential RU move operations to one complete AU. A move is an internal 
operation of the card, so SD clock frequency does not affect the time of the move operation. In case the 
card does not ha~e to move RU, Pm should be considered as infinity (1/Pm = 0). Refer to Table 4-57 for 
the values defined for each Speed Class. 

Note that a Speed Class that supports Class10 shall not use the Pm value stored in the SD Status to 
calculate performance in any fragmented AU. Class 10 performance is defined only for entirely free 
AUs. 
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Application Notes: 
Performance may increase when larger data is written by one multiple write command. Therefore, 
the host may use larger RU sizes and transfer multiple RUs with one multiple-write command. 

4.13.1.4 Read Performance _/'\ 
Two kinds of read performances are defined. It is possible to insert either type o~rr~d operation during 
write operations. All read operations, regardless of read address shall meet this performance 
specification. ~ 

(1) Read Performance of Stream Data I\ ( ~ 
This is simply called Read Performance (Pr). Pr is defined as minim1um average random RU read 
performance. The average is measured over 256 random siqg!e ".U ?-ead operations. Each RU is 
read by a multiple-read command. Pr shall be greater than or equal to Pw. 

(2) FAT and Directory Entry Read Time ~ )' 
T FR(4KB) is defined as the maximum time to read a 4KB~A"]\ and Directory Entry. The FAT and 
Directory Entry Read Time (SFR [KB]) is defined using the((} function: 

FAT Read lime of Sm [KB]: T,. (S ,.) ~ I ::ot(R ( 4~ ) ... 't ............ ·············· ··········(2) 

(: CEIL function - Convert decimal fraction x to the-smallest in eger greater than or equal to x.) 
(r', ".J 

Refer to Table 4-57 for the values define0 e\ c~eed Class. 

4.13.1.5 Performance Curve Definition ~ 
Figure 4-49 shows the write performanc~bar chart of P(Nu) of equitation (1 ). An AU consists of 16 RUs 
in this example. Joining the points pf

1
each bar/shows the performance curve, which can be determined 

from the two parameters,(w and P.m.~ '-.../ 

[MB/sec] 

) mance 

;-.J 

Performance Curve 

Belter Performance 

Ratio Of Used RU 

_JL _1._ _g__L~ ....L ~ ....L _L L_!!!___!!___g_ ~_!!_~~ 
16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 

Figure 4-49: Card Performances between 16 RUs 
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The ratio of used RU (r) is defined as: 
Nu 

Nu =rNRu 

The range of r is Oto 1. (1 - r) means ratio of free RU, r=O means all RUs are fr. e. r=1 means all RUs 
are used and performance indicates zero at this point. By using r, EquatiOIJ ({ )\is transformed into 
Equation (3). <._ ,'\. 

Performance Curve: P(r) = (1- r)PwPm (o:.:;:; r:.:;; 1) ............ ~ ... ..... ~ ..... (3) 
rPw+(I- r)Pm ') ( ~ \ 

P(Nu) in Equation (1) is a discrete function but P(r) is treated as<~ n~~~unction. 

4.13.1.6 Speed Class Definition 
1 

~ 
Figure 4-50 shows three performance curves. Pw indicates theperformance of r=O and Pm determines 
the shape of the curve. All performance curves converge at ~he point (1, 0). Therefore, there is little 
difference in performance where r is near to 1. These th e~)fur'V~s divide the performance into four 
speed classes: Class 0, Class 2, Class4 and Class 6. The Class; uJcard provides no guarantee to be 
compliant to the Speed Class Specification. It does not r-epo'rt performance parameters even if the 
cards can achieve performance of higher speed classes'.' Class O also covers all legacy SD products 
prior to the introduction of this specification. The Cla~ses are defined so that an AV application, such as 
MPEG2 recording, can support an SD card device. The petformance of a Speed Class 2 card shall be 
higher than performance curve 2. It is define? tor"st.i'ndafd/rv image quality; approximately 2MB/sec 
performance will be required. The performance ~f a Speed Class 4 card shall be higher than 
performance curve 4. Speed Class 4 is define~ for HD video quality; approximately 4MB/sec 
performance will be required. Higher clasfe~ can fie added in the future, if required. It is important that 
the host shall always accept cards which m~eetm\nimum speed class performance. 
Note that performance of Class 1 O .es\ not con arm to the performance curve. Class 1 O is supported 
only in the case r=O. 

Speed Class shall be defined as SD Bu in erface level performance, though the performance curve is 
derived from only back-end\performance analysis in Section 4.13.1.3. SD clock frequency and RU size 
are defined as measuremen con it1ons for Speed Classes. Refer to Section 4.13.1.8. 
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Performance 

6MB/sec 

4MB/sec 

2MB/sec 

<) (en\~ 
Thre~~~ ~•• 

~ intersect at 0) \. 

Figure 4-50: Three Pe7~~ance Curves 

Application Note: \ ~ ~ \ 
For the convenience of legacy card users, the- h~:S~ should try to use the card that has lower 
performance than expected and attempt to ~~cord if necessary. When a mode provides operation 
only for specific Speed Class cards, one of tt'le ott,~r modes should provide operation for lower 
Speed Class cards including Class 0. ,;--.... ) 1 

4.13.1.7 Consideration for lnsertingf~~~uring Recording 
Figure 4-51 shows the typical seq~ence-of tt"le FAT update cycle for real time recording. FAT updates 
can be inserted between any RU accesses. The FAT update cycle consists of 3 write operations. The 
FAT1 and FAT2 means two ~AT-table wrif~ using one multiple write command for each FAT-table. The 
FAT table write can start any 512-byte boundary address and any size up to 16 KBytes. Only modified 
parts of FAT should be written. Tihe DIR stands for directory entry write. A directory entry should be 
created before recording starts and only the modified parts should be written in the directory entry (512 
Bytes). The FA~ite Time (TF',~) is defined as the total time of 3 write operations of FAT update cycle. 
The host shalVtake t he sequente) to be able to calculate degradation of performance by inserting a FAT 
update cycle. The card require~ higher Card Performance (Pc) than Application Performance (Pa) to 
insert FAT u~~e cycle. ~ is noted that any order of 3 write operations is allowed for FAT update. Figure 
4-51 sh ~ an ex,ampl) order. 

~ v FAT Write Time: T FW 

~ '4--------- T ~ ------.j Number of RUs: Nrn 
A...J 116KB 16KB 5128 I 

1 .... SRu I FAT1 I FAT2 I DIR I SRu I SRu I ..... I SRu I FAT1 I FAT2 I DIR I SRu·· •• I 

I• FAT Update Period: TFu ----•I 
Figure 4-51: Typical Sequence of FAT Update 
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4.13.1.7.1 Measurement Condition to determine Average TFw 
The equation (4) defines Average FAT Write Time (TFw(ave.)), which is the maximum sliding average 
of 8 times FAT write cycles. 

8 

max(L T FW (i)) 
Average FAT Write Time: TFw (ave.) = ---1-

1
---

8 

4.13.1.7.2 Maximum FAT Write Time 

........ ........... .. .......................... (4) 

~ 
During a FAT update, the host cannot write data to the card. Therefore, theiiost shou~d prepare enough 
buffers to save the data temporarily. The Maximum FAT Write Time (T ~(ma)(.)) is one of the factors 
to determine host buffer size. During 8 times FAT write cycle, occuffelilce of) liFW (max.) should not 
appear more than once. On the method of Host Buffer Size estim~tion, refer to the Implementation 
Guideline of the Speed Class Specification. V 

Maximum FAT Write Time: T FW(max .) :<;;; 750ms ..... ..... . ... ~ .. .. .. &: ...................... (5) 

4.13.1.B Measurement Conditions and Requireme~ s of~£ ~ Zaass 

4.13.1.8.1 Measurement Conditions r:, 
Table 4-56 shows measurement conditions for ea , h Speed e lass. The Speed Class 10 card shall 
support high speed mode. The higher Speed 9 ass may ' equire higher frequency or larger RU size. 
These values provide margin for host applicati( ns running at maximum speed 

( 
Card Capacity SDSC I SDHC 

~64MB I ~256MB I ~512MB I ~1 GB I ~2GB I ~32GB 
AU Size (max.) 512KB ✓L \ 1MB I 2MB I 4MB 

Class2, 4 /""', '-./ ) ) 16KB I 32KB 
RU Size Class6 r r .--.. , "" 64KB 

Class 10 \ /"'\ Not Supported I 
Notes. ~lass ~ 6 are measured at 20MHz In Default Speed Mode 

C~ss 1 O is measGred at 40MHz in High Speed Mode 
Table 4-56: Mea\ ufement"Condition of Speed Class (SDSC and SDHC) 

512KB 

Application Not~ \_ \ 
The minimun;> performance is IT\easured at 100% usage rate of the SD Bus (No idle time is assumed 
in accesses). Therefore, writing to the card at intervals decreases performance. 
Host needs to 'use highel\frequency clock than that of measurement condition. 

(rv \ ) 
4.13.1.8.2 ftequirements of the Performance Parameters for Each Speed Class 
Table 4._::;57 identifies the requirement of the parameters for each class under measurement conditions. 
All conaitibns of any Class should apply simultaneously. Any cards having a specific Speed Class shall 
also satisfy the tequirements and conditions of lower Classes. For example, Class 6 card shall satisfy 
Class 4 performance under Class 4 condition. Class 10 card shall satisfy Class 6 performance under 
the Class 6 conditions and Class 4 performance under the Class 4 conditions (Class 4 always covers 
Class 2 because of using the same conditions). 
Regarding Class 10 Card, as Class 10 mode does not support Pm, the minimum requirement of Pm is 
more than or equal to 2MB/sec under the Class 4 conditions and 3MB/sec under the Class 6 conditions 
even if PERFORMANCE_MOVE in SD Status is set to 0. 
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~ Pw min. Pm min. Pr min. TFw(ave.) TFW(max.) TFR(4KB) 
[MB/sec] [MB/sec] [MB/sec] [ms] [ms] max. [ms] 

Class 2 2 1 2 100 750 12·1 

Class 4 4 2 4 100 750 12 I 

Class 6 6 3 6 100 750 .,..._,_ 12 I 

Class 10 10 o·L 10 100 750 ( .. \. 12 1 

Note 1 : T rn( 4KB) value is changed in Version 3. 00 < ~ \ 
Note 2: Even Class 10 card, Pm may be used for Class 2 to 6 operations byhost. In this 

case, if Pm=0, host should consider that Pm is half of Pw1orClas5'2 to 6. If host uses 
Class 10 mode, Pm indicated in SD Status shall be ign9re'ciand treated as 0. 

Table 4-57: Performance Requirements for Each Class (S~SC an~ SDHC) 
('v \\_ J 

4.13.1.8.3 Requirements of SD File System 
This specification can be applied only to the SD file system formatte card,,.defined by the File System 
Specification Version 3.00. This includes complying with the~ at par:~meter calculation specified in 
the Appendix C of the File System Specification Ver3.00. (. (7. , 
Furthermore, the Number of Hidden Sectors shall be ado t(ct

1 
as minimum number that meets 

Boundary Unit Recommendation for Data Area. v 

4.13.1.9 CMD20 Support ~ 1\ 
SDHC Memory Card may support Speed Class Control Command (CMD20) as optional. Setting SCR 

I 

bit 32 to 1 indicates support of CMD20 but useof CMD20 is optional for host. Then even if a card 
supports CMD20, the card shall satisfy Spded Class specification without using CMD20. Refer to 
Section 4.13.2.8 about CMD20 functions defimli~ 
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4.13.2 Speed Class Specification for SDXC 

Speed Class is defined for SDXC. Though the basic concept is similar to Speed Class for SDSC and 
SDHC, there are several differences. Key features of SDXC Speed Class are listed below. 

(1) The table of valid AU sizes is updated with five values larger than 4MB. When an AU size 
larger than 4MB is used, performance is measured in each of the 4MB sub-unit. 

(2) RU sizes are larger and common for each card capacity range. ( r 
(3) Speed Class performance is defined only in the case of sequential~ ites to an entirely free 

AU. No move operation is supported. 
(4) The FAT Update sequence is based on the exFAT file system for/SDXG. 
(5) Sequence of updating Cl (Continuous Information, defin~d in Pr rt2 F ie System Specification 

Version 3.00) during stream recording is defined and supp'brt~. 
(6) Speed Class Control command (CMD20) is introduced"-t<;,fpti~ize card operation for Speed 

Class recording. v / , '\. 

4.13.2.1 Speed Class Parameters (\ ~~ '\) 
4.13.2.1.1 AU fl/ 
Capacities of up to 2TB and the UHS high speed interface require larger AU sizes. 
In the case of SDXC the maximum AU size is increased to 64-MB.v) 
To record the stream data, a Speed Class host shall manage the memory area in units of an AU and 
use only completely free AUs (zero fragmentation) to

1 
record'the"data. 

Note that all AU sizes larger than 4MB are integer multiple's of 4MB and performance is measured over 
each 4MB sub-unit of an AU. ~ ~ 

4.13.2.1.2 RU \_\l) 
The definition of an RU is the same as in 'SQSC anct SDHC. A Speed Class host shall write data in units 
ofanRU. ( ~ 
The RU sizes are defined in Table 4_;!58. Tbe-sarrye RU size is used for Class 2, 4 and 6. For Class 10, 
the RU size is larger to achieve i'g,her performance. The same RU size is applied across the entire 
card capacity range (over 32GB~2 B) a@ aries only for each performance Class. 

4.13.2.2 Write Performan2e 

4.13.2.2.1 Measurement off.w 
Pw is measured in the case when data is written in units of RUs, from top to the bottom of an entirely 
free AU. Ther~are two cases of how to measure Pw. 

1. If the AU size is equal to\.or smaller than 4MB; 
Pw ~s defined as the minimum average write performance over an AU. This is the same 
definitio~ as that f or SDSC and SDHC. 

2. flhe AU size is)la~ger than 4MB (Always a multiple of 4MB); 
PW is defined as the minimum of the average write performance of every 4MB sub-unit in an 
AU. V 

Figure 4~ the measurement of an AU's Pw. In the figure, pertormance of the measured AU is 
defined as !h~i,9imum of Pw1, Pw2, ... PwN. The card's Pw is defined as the minimum performance of 
all AUs in tfle memory area. 

Regardless of its size, an AU is the size of the memory area to which Speed Class host shall write data 
sequentially from top to the bottom in units of RU. 
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AU (Multiple of 4MB) 

Memory a-r~~---·.,...,11_,.L-,-I ,--1--·-,-I ,--1 ----,~-................. ------.----· 

in the carcL _____ i, • ....i... .... _...,i.. ....... --..---1-,... ~~~~~~~~~":':-~~~~~~~~~-:,111--....,:~~~~~~~~~ 
RU 4MB 4MB 4MB 

Speed Class host writes sequentially in an AU in unit of RU '\ 
' ~ 

~ 
>--: ~ Pw~ : 

Performance is measured over each 4MB boundary. I \ ✓-
Performance of the AU = min (Pw1, Pw2, ... PwN) /\ _) 
=> Pw is defined as minimum performance of'all AUs in ~mor:y area 

Figure 4-52 : Measurement of Pw (AU size is larger than 4MB) 

/~,\_; 
4.13.2.2.2 Performance Move (\ Q , '\ 
In contrast with Speed Class for SDSC and SDHC, Pm is nof sypported in SDXC. This means that 
Speed Class host shall write data to the entire free AUs ~o th t SDXC card can provide Class 
performance. Pm shall be set to 0 in SD Status of so; card. 

Application Note: ~ \ 
The amount of unwritten memory and the amount of Speed Class recordable memory may be 
different. Speed Class hosts can maximize1hea~ount of recordable memory by defragmenting 
and freeing AUs for use when Speed Clasi performance is required. 

4.13.2.3 Read Performance C \ \,__) 
The read performance of an SDXC carcl h~ e same definition as that for SDSC and SDHC. Pr is 
defined as the minimum average random R;U,J' tJ performance over 256 RUs. Pr shall be greater than 
or equal to Pw. ( C.:/";\ '-..../ 
T FR(4KB) is defined as the \maximu~:r read 4KB data. 

4.13.2.4 FAT Update 
The SDXC FAT update cycle y as almost the same definition as in SDSC and SDHC. The only 
difference is the data type an'd its location. In the case of SDXC, the FAT update cycle consists of three 
write operations, F-~ Bitmap \md directory entry. The FAT is written starting at any 512-byte boundary 
address and

1
With any ~ize up toJ 6Kbytes. Bitmap is written starting at any 512-byte boundary address 

and with any size from 5 12-byte to 16Kbytes. 
A directory entry should be created before starting recording and the same block should be written by 
512-byte sin~le block Jrite (either CMD24 or CMD25). 
Average and Maxi~ ml FAT Write Time ( T FW(ave.) and T FW(max.) ) are the same as defined for SDSC 
and ~DHC. Average FAT Write time is defined as the maximum sliding average of 8 FAT update cycles. 
Note fhat a Speed Gla'5 host can insert FAT update at any RU boundary. Insertion of FAT update never 
affects P . ~ 

4.13.2.5 Cl (Continuous Information) Update 
Cl (Continuous Information) is a new structure used to manage exFAT file fragments. It is newly defined 
in the Part2 File System Specification Version 3.00. Cl may be updated during Speed Class recording. 
Creating Cl is optional for the host. The specific feature of Cl update is described below. 

• Cl can be inserted at any RU boundary. The frequency of Cl update depends on the host 
implementation. 
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If a host tries to protect recorded data from any error including power failure, it may update Cl 
frequently. 

• A cluster is allocated to store Cl and when it is filled, a new cluster is allocated. The first update 
of Cl in a stream recording may be written from any point in an existing cluster. After the existing 
cluster is filled, a new cluster is allocated and all subsequent updates are written from the 
beginning to the end before a new cluster is allocated. 

• The address to which Cl is written may change during a stream recordin~ The same address 
may be overwritten several times. When the address is changed,~ t i5\.always increased 
sequentially within the cluster. When a Cl cluster is filled and a new'\One is\allocated, the Cl 
cluster address is changed randomly. (Any free cluster can be allocated).. 

The Speed Class specification for SDXC defines the Cl Update 1 qul~~ operation time. The 
sequence is similar to the directory entry update. Cl is always written by\a §121.byte single block write 
(either CMD24 or CMD25) and preceded by CMD20 Update <Cl comm~nd. Tbe Cl update operation 
time is maximum 250ms. \ 
Note that Insertion of Cl update never affects Pw. /'\. ~ "\.J)_ V 
Application Note: _) _\ ( / " 
It is recommended that Cl be updated after Speed Class_ recprdfhg is finished. In this case, the Cl 

update is performed outside of Speed Class recording and' t_he ho~t does not need to consider it as 
overhead. ~ '\.. 

4.13.2.6 Distinction of Data Type ( \ \) 
During Speed Class recording, several types f'data (Se data, FAT, Bitmap, directory entry and Cl) 
are written by the host. (:" 
To satisfy Class performance, an SDXC card ne ds to distinguish between each type of data in order to 
treat them properly. 
For example, directory entry and Cl can e distinguislied by their data size (always written by 512B), so 
the card can store them in separate areass.!!:9m tHe stream data. 
Locations of the FAT and bitmap arr -"de'"scribed in Section 4.13.2.7.3. 
Since directory entry and Cl are "i"ritten-by 5~2-byte single block write (either CMD24 or CMD25), in 
user area, they should be distinguis~ )' CMD20. 

4.13.2. 7 Measurement Co~ i, ns and Requirements of the Speed Class for SDXC 

4.13.2.7.1 Meas_urement Co~ditions 
The measurerllentctmditions o't Speed Class for SDXC are defined in Table 4-58. Class 10 card shall 
meet Class 6 performance unde~ Class 6 condition. 

Card Capacity SDXC 
Over 32GB ~ 2TB 

1-Atl Size1(max.) 64MB 
1-Unitof Performance Measurement 4MB 
RU Size I Class2, 4, 6 256KB 

I Class 10 512KB 
Notes: Class 2 to 6 are measured at 20MHz in Default Speed Mode 

Class 10 is measured at 40MHz in High Speed Mode 
Table 4-58 : Measurement Conditions of Speed Class (SDXC) 

Host needs to use higher frequency clock than that of measurement condition. 
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4.13.2.7.2 Requirements of the Performance Parameters for Each Speed Class 
Table 4-59 identifies the requirement of the parameters for each class under measurement conditions. 

~ 
Pwmin. Pm min. Pr min. TFw (ave.) TFw(max.) TFR (4KB) 
[MB/sec] [MB/sec] [MB/sec] [ms] [ms] max. [ms] 

Class 2 2 o 2 100 750 20 
Class 4 4 o 4 100 750 '\ 20 
Class 6 6 o 6 100 7p0 I 20 
Class 10 10 o 10 100 750 ) 20 

Table 4-59: Performance Requirements for Ea~ Cliss (~X~ 

4.13.2.7.3 Requirements of SD File System /\. I\\ 
This specification can be applied only to the SD file system fo~ atted card defined by the File System 
Specification Version 3.00. This includes complying with the format para(!leter calculation specified in 
the Appendix C of the File System Specification Version 3.00. '\\. 
Furthermore, the Number of Hidden Sectors shall be adopled as mjnimum number that meets 
Boundary Unit Recommendation for Data Area. And in case7 f exFAT file system, Allocation Bitmap 
shall be stored in the first 4MB of Cluster Heap. '\ \) ( 0 j 

4.13.2.8 Speed Class Control Command (CMD29 
CMD20 is defined to optimize card operation to sup~c(rtspeed <Zlass recording. Figure 4-54 shows the 
definition of CMD20 timing and arguments. If any error occurs during the CMD20 busy period, it will be 
reported in the R1 response of next command./Tl1e,host,nla issue CMD13 to check the occurrence of 
an error. (' 
Speed Class Control (SCC) in the argume t ,contr0ls several functions which assist the card in 
supporting and meeting Class performan~ '-...J 
The response type of CMD20 is R1b. The maximum busy indication period depends on the function 
selected by sec in the argument. ~) 

l~~H i ~v 
CMD 7 CMD20 R1 b ic,?) ) 

Error Check 

I CMD13 H ~_R_1 ~ f----

DAT[O] \ ~ t Bus; ) ! if CMD20 does not indicate busy, following < ;, 00
" max. ~ CMD13 is not required. 

peed Class Cf>ntrol Command (CMD20) 

T sec Reserved CRC7 E 
1 ~10 D 

s pe,.ed Class Control t8 usv (max.) 

1l000b: Start Recording 1 second 
0001b: Update DIR 10ms 
001 Ob: Reserved for Multiple Streams Recording 
0011 b: Reserved for Multiple Streams Recording 
0100b: Update Cl 1 Oms 
others: Reserved 

Figure 4-53 : Definition of CMD20 
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Support of CMD20 is mandatory for SDXC card and optional for SDHC card. 
SDXC cards can meet Class performance when data is written after receiving CMD20 indicating the 
Start Recording function. SDHC cards can meet Class performance without CMD20. 

4.13.2.8.1 Definition of Each Function 
(1) Start Recording (' 

This function indicates that Speed Class host starts stream recording. hen the card receives 
CMD20 Start Recording function, the card indicates busy up to 1 second fo prepare recording 
(Garbage collection, clean-up of internal status, etc). /~ 

,\ ( t"\ \ V 
(2) Update DIR /\. \ . '- ) 

This function indicates that following write command shall )>e ,cjirectory ehtry write. On receiving 
CMD20 Update DIR function, the card shall recognize and ma~ ge the 512-byte area (DIR) 
specified by the following single block write command (either Cfy1D2ll or CMD25) as a location of 
the directory entry updated during the stream recording. Tbe desig~ated area (DIR) shall be written 
by single block writes and may be written repeatedly without preceding CMD20 Update DIR. Write 
to DIR (even without FAT write) counts in one of 8 time~ Ff\}\w-Te"'tycles. This function is always 
needed before Start Recording. If this function is issued du~ngi tile recording, the card recognizes 
that the current recording is ended and the following \.4(1"ite bommand is recognized as the directory 
entry for the next recording. After that, the host sJ.1a ll issue CMD20 Start Recording to start the next 
Speed Class recording. The busy indication of t\ 1uncti)on is up to 1 Oms for this function. 

(3) Update Cl r" j 
This function indicates that the following r'rite command is a write to a Cl cluster. When the card 
receives CMD20 Update Cl function duri~g the recording, the card recognizes that following 512-
byte single block write (either CMD24- o~ CIVl~5) is an update to a Cl cluster. Busy indication of 
CMD20 Update Cl is up to 10ms for isvfunction. 

4.13.2.8.2 Requirements for Speed C ass os 

There are requirements for host to l ugport MD20 
• If host records data to SDXC carc:.10,t shall support CMD20 to indicate Start Recording. 
• The host shall issue CMD20 Update DIR before Start Recording regardless of updating Cl 

during the recording\ 
• If host updates Cl duri~g the recording, it shall issue CMD20 Update Cl just before the 512-byte 

single bleek write (eithe\)MD24 or CMD25) updating Cl. 

/ 

4.13.2.9 Example of S eed Class Recording Sequence 
Figurt ;,55 shows exa9.1P,le sequence of Speed Class recording. 
Even if the write clata size after CMD20 Update DIR is wrong (larger than 512-byte), the card accepts 
data rites-wiffiout'error but Speed Class performance is not maintained. 

The host starts l ed Class recording by CMD20 indicating the Start Recording function and exits by 
either CMD2D1 ndicating the Update DIR function or non-Speed Class write command. During the 
recording period, allowable write operations are limited to those shown below. 

1 . Stream data is written by one or more RU 
2. FAT Update consists of three write commands, FAT(:s; 16KB)+Bitmap(:s; 16KB)+DIR(512-byte) 
3. Cl Update consists of single block write (512-byte by either CMD24 or CMD25 always preceded 
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by CMD20 Update Cl) 

Even if the write data size after CMD20 Update Cl is wrong (larger than 512-byte), the card accepts 
data writes without error but Speed Class performance is not maintained. 

The SDXC Speed Class host shall issue CMD20 Update DIR before CMD20 Start Recording so that 
the card can distinguish DIR and Cl properly. Between Update DIR and ~lart Recording, data 
read/write/erase commands and secure commands are allowed. In addition, e~q commands of 
registers/status are also allowed. \ 
If any other commands are issued, CMD20 Update DIR shall be issued agafn efore CMD20 Start 
Recording. '\ ( ('\ v 

) 
Always preceding the write co~ma9 d Cl~dating Cl (Write Cl) 

Always Issued before (Need to be issued just before "Write Cl") 

~~~t~r: R:c~r~~~, : c:j-_ _ -:-_:-_:-_::..:;-_____________, 8' '\_ \ ~ } 
, u,.... wme ~"'""11 Start I' wore u., .. i wnoe i FAT I wmt · _)-rrniwi 
I DIR DIR I Write Rec I RU Cl : Cl : U date RU '\ I l....wm!LJ 
1 

- - - - - - - - - • (DI~ address 1~ ~~d~;t~e- r:c:r: ing) 0 •, wge I 
I I 

- Non-Speed Class write 
- Cl may be written after 
the recording 

I I
OpdDIRatj w

0
n
1
Rte I "Update DIR" means 

. _ . DIR for next stream 

- 5111ms WIiia - ll'llma 
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4.13.3 Speed Grade Specification for UHS-1 and UHS-11 

4.13.3.1 Speed Grade Parameters 

4.13.3.1.1 UHS Speed Grade 
Following grades are defined and indicated by UHS_SPEED_GRADE in SD Status. Speed Grade 
may be supported in SDHC and SDXC. In case of UHS-II card supports Spee -G.rade 1, both UHS-I 
mode and UHS-11 mode shall support Speed Grade 1. ~~ 

(1 ) Speed Grade 0: Performance is less than 1 0MB/sec \ \ 
(2) Speed Grade 1: Performance is 1 0MB/sec and above I\ ~ ""\ 

4.13.3.1.2 AU (Allocation Unit) 1 

AU size of Speed Grade is specified by UHS_AU_SIZE in SD s_'t'a~\. Th maximum AU size is 
64MB. Card should indicate smaller AU Size as much as po~ ible. Refer to Section 4.10.2 for more 
details. 

~ '\_/\V 
4.13.3.1.3 RU (Recording Unit) I\ ~ V 

RU size is 512KB. V 6 
4.13.3.1.4 Pw (Wrfte Performance) ~\\ 

The definition of Pw is the same as SDXC. Refer t~ Section 4.13.2.2. 

4.13.3.1.5 Pm (Performance Move) ~ ) 
Pm shall be treated as 0 regardless of the register v lue. 

\\j 
4.13.3.1.6 Pr and TFR(4KB) (Read Pert rmance) 

The definition of Pr and TFR(4KB) are the"'same as SDXC. Refer to Section 4.13.2.3. 

4.13.3.1.7 UHS~I Parameters ~ 
Host may use any N_FCl)___size t se Speed Grade 1. 
Speed Grade is not supporte~ 2t-® Mode or Low Power Mode. 

4.13.3.2 Support of Speed pass Control Command (CMD20) 
With regard to Speed Grade supported Host and Card, support of CMD20 is mandatory for SDXC 
and optional foF--SDHC. In \order to maintain backward compatibility, Speed Grade 1 SDHC cards 
shall support Speed Class and\Speed Grade 1 without the host indication of CMD20. 
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4.13.3.3 Speed Grade Measurement Conditions 

Speed Grades Measurement Conditions are defined in Table 4-60. 

Item Definition 
Pw Measurement Performance is measured the same as Pw under following conditions. 
Conditions for UHS-I SDCLK=80MHz for SOR and 40MHz for DOR 0 

RU=512KB, Power Limit=1 .44W (400mA at 3.6V) r 
An AU Size is used described in UHS_AU_SIZE (Up to 64MB). 

The m~asu_rement method of UHS-I performa~ce-is t~ saf!le as SDXC. 
If AU ~Ize IS larger than 4MB, performance ls(me\ sred in each 4MB 
sub-unit. . 

Pw Measurement Performance is measured the same as P¼( u~el°'(ollj ing conditions. 
Conditions for UHS-11 RU=512KB, Power Limit=1 .44W (400mA -a 3.6V) 

An AU Size is used described in UHS_AU~IZ:E (Up to 64MB). 
RCLK=35MHz, Transmission Sp~d Rangj ) ~ange A (x15 Multiplier) 
In FD Mode and Fast Mode. N_FCU=f\__ 

The measurement method of (UHS-11 performance is the same as 
SDXC. Performance is meast,1red irl e~h 4MB sub-unit. 

FAT Update / Cl Update Same as existing Speed Class \ V i"' 
Write busy Each write busy shall be less than or equal to 250ms 

Except DIR write of SDXC card i;nay be up to S00ms 
I . \, f •• 

Table 4-60 . Speed Grade Measurement Condi ions for UHS-I and UHS-11 

(r ) 
4.13.3.4 Notes for Preparation Time of UHS-I am~ llJHS-11 Card 
At the beginning of a recording, the SD ry,~ ory CaFd indicates busy as preparation time to start Speed 
Class Recording. The maximum preparation time is considered as 1 second. If CMD20 is received, the 
card shall indicate the preparation time \ii§us~ bf CMD20 Start Recording. If CMD20 is not received, 
the card should indicate the preparatlorvtime in1the busy of write operations, which writes to the first AU. 
In this case, the card is not necess'ary tcrinclude preparation time of the first AU in Pw and host should 
estimate 1 second preparation time\ tQ_,Write the first AU. 

\' 0 
4.13.3.5 Host Operating Frequency) 

In case of Non UHS-11 mode~ Host needs to use higher frequency clock than that of measurement 
condition. \ ~ 
In case of uy~11." ,_. .ode, as Speed Grade of card is measured at 35MHz Range A, host needs to set 
higher bit rate than measurement bit rate to use Speed Grade. That is when UHS-II is used in 
Transmissioli\Speed Range A (x15 Multiplier), host needs to provide RCLK more than or equal to 
35MHz.When U HS-11 card is used in Transmission Speed Range B (x30 Multiplier), any frequency of 
ROL!fra'nge (26Mljz - 52MHz) may be used. 

V 
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4.14 Erase Timeout Calculation 
This chapter provides the guideline for long erase and a method to calculate erase timeout value. 

4.14.1 Erase Unit 
The Speed Class Specification defines a new management unit of AU (Allocation Unit). Erase timeout 
calculation is defined as the basis of AU. SD memory card supports block erase bu ~ takes more time 
to erase blocks, which are part of AU (partial erase AU). In this case, the host sHo'uki add 250 ms to the 
result of timeout calculated on AU basis. When the start and end blocks are in the sam~ partially erase 

AU, 500ms should be added. \) {;~ V 
4.14.2 Case Analysis of Erase Time Characteristics I\ \\1 

Figure 4-56 shows an example of erase characteristics, numbe( of AU erase~ versus erase time. Erase 
time is derived from erasing specified numbers of AUs by one erase commana. Assuming that Erase is 
performed on AU basis and its erase characteristics can be approximated t o a linear line. The line A 
illustrated in Figure 4-56 is an example characteristic. 0 J) v 
The red line indicates the erase timeout value the host( 1h-puId use. The timeout value can be 
determined by line A. If the erase timeout is less than 1 second tbe host should use 1 second as 
timeout. If the timeout is bigger than 1 second the host sh~u~ Jse the value determined by Line A. 
Register parameters NERASE, T ERASE and T OFFSET define the sh~p"i of the line. T ERASE indicates timeout 
for erasing NERASE AUs from T OFFSET· T ERASE and NERAS;aeterznine the slope of the line. T OFFSET adjusts 
the line by moving in parallel on the upper sidf. Th~ ~ard manufacturer shall determine these 
parameters so that the line is always greater than the erase time of any AUs. Actual erase time shall be 
always less than erase timeout and the slope a

7
t he line shall be less than 3 second per AU. r-- "-._.,,I 

Number of AU Erased 

NERASE 

C ~ ure 41-56: Example Erase Characteristics (Case 1 TOFFSET=0) 

0 

108 



©Copyright 2001-2013 SD Group (Panasonic, SanDisk, Toshiba) and SD Card Association 
Physical Layer Simplified Specification Version 4.10 

The line B illustrated in Figure 4-57 shows another example of erase characteristics. The red line 
indicates the erase timeout value that the host should use. Since the time-out is bigger than 1 second, 
the red line and line B are equivalent. 
Erase time of an AU shall be less than 3 second. T OFFSET is mainly used to adjust erase timeout of an 
AU. 

Erase Timeout [Sec] 

T ERASE 

T OFFSET 

0 1 2 3 

Figure 4-57: Example Erase {r~~s (Case 2 TOFFSET=2) 

4.14.3 Method for Erase Large Areas _ \ ~\ 
The calculated erase timeout for multiple AUs might b,r too large compared with the actual erase time. 
The calculation of erase timeout is nqt (accurate because calculated timeout includes a margin. A 
margin per AU accumulates and the re~ of calculating the timeout for large number of AUs will 
include large margins. Such calculations wou19J bb meaningless because the range of margin might be 
in order of minutes. Therefore, a sf.i:,a>rn:1mber of AUs should be erased at one time. This enables the 
host to calculate smaller timeout wit~;::,r yrrors. 

Application Note: 
When a large area is erased/ the host should divide it into small areas at the AU boundary and 
continuously erase the small are~s using a small area erase timeout. It may take a long time to erase a 
large area, so th~ st should in\form the user about the erase progress, otherwise the user might abort 
the execution of tbe erase. \ 

4.14.4 Calculation oft ~ase Timeout Value Using the Parameter Registers 
Erase i eoutof AU 

1
~ n be calculated by Equation (6). 

T ERASE = ---. X + TOFFSET · ....... .. . . ....... · · · . . · ...... . .. · ...... .. (6) 
NERASE 

Erase timeout is determined by following steps: 
(1) Calculate Equation (6). 
(2) If the result of (1) is less than 1 second, the timeout is set to 1 second. 
(3) 250 ms should be added to the result of (2) for each partial erase AU. When the start and end 

blocks are in partially erase AUs, add 500 ms to the result of (2). 
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4.15 Set Block Count Command 
CMD12 has been used to stop multiple-block Read / Write operation. However, CMD12 is timing 
dependent and it is difficult to control timing to issue CMD12 at exact timing. As UHS104 card has large 
delay variation between clock and data, CMD23 is useful for the host to stop multiple read I write 
operation instead of CMD12. Host is not necessary to control timing of CMD12. This command is 
applicable to always 512-byte block length read/write operation and then SDSC card does not support 
this command. Support of CMD23 is mandatory for UHS104 card. ( r 
Support of CMD23 is defined in SCR. The response type of CMD23 is R1 and busy is n~t indicated. 
CMD23 is accepted in transfer state and effective to the multiple-block readlwrit~o~mand (CMD18 or 
CMD25) just behind CMD23. If another command follows CMD23, se'tb lock count is canceled 
(including CMD13). If command CRC error occurs, the card does not return~1 response for CMD23. In 
this case, Set block count is not valid and retry of CMD23 is re~ ed.1.f ~hltiple C,MD23 are issued, the 
last one is valid. .~ ~ ) \. '\ / 
Figure 4-58 shows the definition of CMD23. If block count in the argument is set to 0, CMD23 has no 
effect. The block count value set by CMD23 is not checked ~vt~ carp) and then CMD23 does not 
indicate any error in the response (A previous comma2,d errori is indicated in the response of CMD23). If 
illegal block count is set, out of range error will be inclicatec/ du7ing read/~rite operation (For example, 
data transfer is stopped at user area boundary). Host needs t6~s§we CMD12 if any error is detected in 
the CMD18 and CMD25 operations. If a CMD25 is aborted ~nd th1ja'mount of data transferred is less 
than the amount of data indicated by the preceding CMD23 then tne area specified by CMD23 that is 
unwritten may contain undefined data. If the amount of dat~ransferred is greater than the amount of 
data indicated by the preceding CMD23, then the ext\ datj is not written. 

S T Index Block CQ_unt 
0 1 010111 32-bit 

Block cdunt '-..J 

oooooood~: No Effect 
000p000'1 H: 1 block 
000~ 002h. 2 blocks 

/Fff FFQh: 4294967295 blocks 

No error is indicated by CMD23. 

CMD D23 >----------< R1 1------------< CMD18/25 R1 

~ T(O] --------------------------------------------------------------------------
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5. Card Registers 

Six registers are defined within the card interface: OCR, CID, CSD, RCA, DSR and SCR. These can be 
accessed only by corresponding commands (see Chapter 4.7). The OCR, CID, CSD and SCR registers 
carry the card/content specific information, while the RCA and DSR registers are configuration registers 
storing actual configuration parameters. ~ 

In order to enable future extension, the card shall return O in the reserved bits o\ ';Sers 

5.1 OCR register <\ A 
The 32-bit operation conditions register stores the V00 voltage profill d f t~ non UHS-11 card and V0 0 1 

voltage profile of the UHS-11 card. Additionally, this register includes status information bits. One status 
bit is set if the card power up procedure has been finished. T~is regist~ includes another status bit 
indicating the card capacity status after set power up status bit. Th~ C'3JJr,egister shall be implemented 
by the cards. 
The 32-bit operation conditions register stores the V00 voltage prol e of ttie card. Bit 7 of OCR is newly 
defined for Dual Voltage Card and set to O in default. If a Dual Voltage Card does not receive CMD8, 
OCR bit 7 in the response indicates 0, and the Dual Voltage c Jra Which received CMD8, sets this bit to 
1. ~ 
Additionally, this register includes 2 more status infor,mation br~. 
Bit 31 - Card power up status bit, this status bit is sdt if th~\9 rd power up procedure has been finished. 
Bit 30 - Card Capacity Status bit, 0 indicates that-..the ca[9)!s/ SDSC. 1 indicates that the card is SDHC 
or SDXC. The Card Capacity Status bit is vali 1after the card power up procedure is completed and the 
card power up status bit is set to 1. The ost sha I read this status bit to identify SDSC Card or 

SDHC/SDXC Card. ~ \j 

~ 
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OCR bit position OCR Fields Definition 
0-3 reserved 
4 reserved 
5 reserved 
6 reserved 

/ 7 Reserved for Low Voltage Range 
8 reserved I 

9 reserved ' 
10 reserved A I,,-..._ 

~ 11 reserved \) \ I 
12 reserved A\\. 
13 reserved ( \_ I\.\_ \. _) 
14 reserved \ ( "\. 
15 2.7-2.8 \A " "" 16 2.8-2.9 . /''\_\_V) 

17 2.9-3.0 <..) ( {-/ "~ 
18 3.0-3.1 ,.. A V/ /1 ~ 
19 3.1-3.2 \.\. \VF" 
20 3.2-3.3 ~ \ (" 

21 3.3-3.4 (0 \_ 
22 3.4-3.5 \ \ \ \ 
23 3.5-3.s---.___ ) 
24;1 Switehing'1o 1.8V Accepted (S18A) 

25-28 reserwed \ \ 
29 URS-1'1 Card Status 
30 ( Card Capacity Status (CCS)1 

31 Card power up status bit (busy)"' 

. . ;-J_) .. 
1) This bit Is vahd"only when the card power up status bit Is set. 
2) This bit is se

1
t to row If the card has not finished the power up routine. 

3) d ~ly UHS-1 card supports this bit. 

VDDVoltage 
Window 

\ \ Table 5-1: OCR Register Definition 

The supported voltage range is coded as shown in Table 5-1. A voltage range is not supported if the 
corresponding bit value is se to LOW. As long as the card is busy, the corresponding bit (31) is set to 

LOW. ~ 

VDD Voltage W indo of OCR indicates V001 voltage range in case of UHS-11 Card. 
UHS-11 Card Status bit~is added in Bit 29 to indicate whether the card supports UHS-11 Interface. Non 
UHS-11,Car'd sets Bit 29 to O and UHS-11 Card sets Bit 29 to 1. This bit is not affected by whether VDD2 
is SURPlieil'or noL y 

112 



©Copyright 2001-2013 SD Group (Panasonic, SanDisk, Toshiba) and SD Card Association 
Physical Layer Simplified Specification Version 4.10 

5.2 CID register 
The Card IDentification (CID) register is 128 bits wide. It contains the card identification information 
used during the card identification phase. Every individual Read/Write (RW) card shall have a unique 
identification number. The structure of the CID register is defined in the following paragraphs: 

Name Field Width CID-slice ,,,,.........__ 

Manufacturer ID MID 8 [127:120] l'J ("\. \ 
OEM/Application ID OID 16 [119:104] \ 
Product name PNM 40 [10;3:64] ~ 
Product revision PRV 8 [63~56] I ~ \\V 
Product serial number PSN 32 [55:24l\ \ \.._ ) l 
reserved -- 4 i,[23:10] \ '-.....:,/ 
Manufacturing date MDT 12 [~9:8] "" CRC7 checksum CRC 7 [7( 1] /),v. 
not used, always 1 - 1 ( ( [O~O] -..#° 

Table 5-2: The CID Field\.() j 
• MID Q 

An 8-bit binary number that identifies the card ma~u~turer. Toe MID number is controlled, defined, 
and allocated to a SD Memory Card manufacturer by ~~DJ3C, LLC. This procedure is established to 

• e:::e uniqueness of the CID register. /) ~ )'---.../ 

A 2-character ASCII string that identifies the-card OEM and/or the card contents (when used as a 
distribution media either on ROM or FL¼.SH car?s). The OID number is controlled, defined, and allo­
cated to a SD Memory Card manuf ctarerbyJ~e SD-3C, LLC. This procedure is established to ensure 
uniqueness of the CID register. ~<:::J 
Note: SD-3C, LLC licenses companies that ~to manufacture and/or sell SD Memory Cards, including but not limited 
to flash memory, ROM, OTP, RAM, and--SDIO Combo Cards. 
SD-3C, LLC is a limited liabili~ compa;:;y established by Panasonic Corporation, SanDisk Corporation and Toshiba 

• PNM 

Corporation. \ 

The product arneis a tring, 5-c aracter ASCII string. 

• PRV r'-s ) ) 
The prociucl revisionJs composed of two Binary Coded Decimal (BCD) digits, four bits each, repre­
sentir\g ~ "n.m °'-revision number. The "n" is the most significant nibble and "m" is the least significant 
nibble~\ 
As an exam~he PRV binary value field for product revision "6.2" will be: 0110 0010b 

• PSN 
The Serial Number is 32 bits of binary number. 
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• MDT 
The manufacturing date is composed of two hexadecimal digits, one is 8 bits representing the year(y) 
and the other is 4 bits representing the month (m). 
The "m" field (11 :8) is the month code. 1 = January. 
The "y" field [19:12] is the year code. 0 = 2000. 
As an example, the binary value of the Date field for production date "April 2001" ill be: 

000000010100. (\\ 

• CRC ~ 
CRC7 checksum (7 bits). This is the checksum of the CID conte~ comp\ ted\ s described in Chapter 

4.5. ~ 

5-;;~~rd~e~!:!eiata register provides infonnation regard~] card contents. The CS□ 
defines the data format, error correction type, maximurii dJta ,~cces~ time, whether the DSR register 
can be used, etc. The programmable part of the register (entri~s m'ar:ked by W or E, see below) can be 
changed by CMD27. The types of the entries in the table below are coded as follows: R = readable, 
W ( 1) = writable once, W = multiple writable. (r 

5.3.1 CSD_STRUCTURE \ 5) V 
Field structures of the CSD register are diffef~Rend on the Physical Layer Specification Version 
and Card Capacity. \ \ \ 
The CSD_STRUCTURE field in the CS~ ;:egister i~cates its structure version. 
Table 5-3 shows the version number of tre~d CSD structure. 

CSD_STRUCTURE CSD structure version Card Capacity 

o CSD Versien _J,.OJ Standard Capacity 

1 r 'sD Version 2.0 High Capacity and Extended Capacity 

2-3 referved 

~ ble 5-3: CSD Register Structure 
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5.3.2 CSD Register (CSD Version 1.0) 

Name Field Width Value 
Cell 

CSD-slice 
Type 

CSD structure CSD STRUCTURE 2 00b R [127:126) 

reserved - 6 00 0000b R- [125:120) 

data read access-time-1 TAAC 8 xxh ~ \ ~ [119:112) 

data read access-time-2 in CLK NSAC 8 xxh 
~ 

R [111 :104) 
cycles (NSAC*100) '\ ~ 

max. data transfer rate TRAN_SPEED 8 32h or 1~Ah \ \ R [103:96) 

card command classes CCC 12 A_ 01x--J10110101q R [95:84) 

max. read data block length READ_BL_LEN 4 xh . R [83:80) 

partial blocks for read allowed READ _BL_PARTIAL 1 1b\ \.\ R [79:79) 

write block misalignment WRITE_BLK_MISALIGN 1 r xb .Jf R [78:78) 

read block misalignment READ _BLK_MISALIGN 1 ( ( l ,?Cb ~ R [77:77] 

DSR implemented DSR_IMP 1 (1 ~b 
I 

R [76:76) 

reserved - 2 00b R [75:74) 

device size C_SIZE /,..., 12\. xxxh R [73:62) 

max. read current @VDD min VDD_R_CURR_MIN ~ \ 3 \ xxxb R [61 :59) 

max. read current @VDD max VDD_R_CURR_MAX 3 } xxxb R [58:56) 

max. write current @VDD min VDD_W_CURRi MIN\,_ '-- 3' xxxb R [55:53) 

max. write current @VDD max VDD_W_CURR~MAX l \ 3 xxxb R [52:50) 

device size multiplier C_SIZE_MULT' \...._ '-.._/ j 3 xxxb R [49:47) 

erase single block enable ERASE_BLK::::EJf\ 1 xb R [46:46) 

erase sector size SEC10R_SIZEJ) 7 xxxxxxxb R [45:39) 

write protect group size WP J3R!zSl?U 7 xxxxxxxb R [38:32) 

write protect group enable W P _GHP~ENABLE 1 xb R [31 :31) 

reserved (Do not use) 
-...,/ 

2 00b R [30:29) 

write speed factor \R21JY _FACTOR 3 xxxb R [28:26) 

max. write data block length W RITE_BL_LEN 4 xxxxb R [25:22) 

partial blocks for write-allowed '11/RITE_BL_PARTIAL 1 xb R [21 :21) 

reserved 
' ' 

- 5 00000b R [20:16] 

File format group \\ FILE_FORMAT _ GRP 1 xb R/W(1) [15:15] 

copy flag ,,---......_ '\ l COPY 1 xb R/W(1 ) [14:14] 

permane,nt1write protection J PERM_WRITE_PROTECT 1 xb R/W(1 ) [13:13] 

tempora/iy ~ rite_.protection TMP _WRITE_PROTECT 1 xb R/W [12:12] 

File forma( ~. ~ \ FILE FORMAT 2 xxb R/W(1 ) [11 :10] 

reserved A J } 2 00b R/W [9:8] 

CRC 
. 

CRC 7 xxxxxxxb R/W [7:1) 

not used, always'1' - 1 1b - [0:0) 

Table 5-4: The CSD Register Fields (CSD Version 1.0) 
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The following sections describe the CSD fields and the relevant data types. If not explicitly defined 
otherwise, all bit strings are interpreted as binary coded numbers starting with the left bit first. 

• TAAC 

• 

Defines the asynchronous part of the data access time. 

TAAC bit position code (' ' 
2:0 time unit 

0=1ns, 1=10ns, 2=100ns, 3=) µs, 4=-10~ \ 
5=100µs, 6=1ms, 7=10ms ( 

6:3 time value ~\v 0=reserved, 1=1.0, 2=1 .2, 3,- ,1.3~ 4-1.5, 
5=2.0, 
6=2.5, 7=3.0, 8=3.5, 9=4.0,~ =4.5, B=~.-0, 
C=5.5, 0=6.0, E=7.0, F=8~ /) 

7 reserved ( ( 1 '-.....d' 

. ./\ . \ . 
Table 5-5: TAAC Access T1m~t m, on 

NSAC Q_ 
Defines the worst case for the clock-dependent fact9r M the"'data access time. The unit for NSAC is 100 
clock cycles. Therefore, the maximal value for the clock-d~p~ndent part of the data access time is 25.5 
k clock cycles. r------
The total access time NAc is the sum of TAAC(aitd_ NSAe. It should be computed by the host for the 
actual clock rate. The read access time shou1J I:>~ intr rpreted as a typical delay for the first data bit of a 
data block or stream. ~ 

• TRAN SPEED 
The foll~ing table defines the m~ da a ransfer rate per one data line - TRAN_SPEED: 

11/"\'-..../ 
TRAN_SPEED bit coae 
2:0 

\v; 
transfer rate unit 
0~ 00kbit/s, 1 =1 Mbit/s, 2=1 0Mbit/s, 
-3=1 00Mbit/s, 4 ... ?=reserved 

6:3 \) time value 

-~ 0=reserved, 1 =1 .0, 2=1.2, 3=1 .3, 4=1.5, 
5=2.0, 6=2.5, 7=3.0, 8=3.5, 9=4.0, A=4.5, 
8=5.0, C=5.5, 0=6.0, E=7.0, F=8.0 

7 \ \ reserved 
J I 

~ Taole 5-6: Maximum Data Transfer Rate Definition 

Note t at for cut~e t SD Memory Cards, this field shall be always 0_0110_010b (032h) which is equal to 
25 MHz - the mandatory maximum operating frequency of SD Memory Card. 
In High-Speed mode, this field shall be always 0_1011_010b (05Ah) which is equal to 50 MHz, and 
when the timing mode returns to the default by CMD6 or CMD0 command, its value will be 032h. 
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• CCC 

• 

The SD Memory Card command set is divided into subsets (command classes). The card command 
class register CCC defines which command classes are supported by this card. A value of 1 in a CCC 
bit means that the corresponding command class is supported. For command class definitions, refer to 
Table 4-21. 

CCC bit Supported card command class 

o class o 
1 class 1 

11 class 11 v /\ 

Table 5-7: Supported Card CommandvC~ss\ 

/ '\ ' 

READ BL LEN )\. 
The ma;mu~ read data block length is computed aS\_2REAo/si:cEN T~aximum block length might 
therefore be in the rang .3:3 hat in an SD Memory Card 

- -

the WRITE_BL_LEN is 
e 512 ... 2048 bytes (Refer to 4.3. for d1 ails). Note t 
always equal to READ_BL_LEN "I~()? 
READ_BL_LEN Block length "'"' -0-8 reserved\ \ \ V 

9 2~ = 512 B¥fes_} } 

10 21u(=/f024 Bytes 

11 211 \= 2048 !Bytes 
12-15 reserved,,, ) 

' Tablel~ ta Block Length 

• READ_BL_PARTIAL (alway@ in SQ Memory Card) 
Partial Block Read is always allow~d i~ SD Memory Card. It means that smaller blocks can be used 
as well. The minimum block size will b~ one byte. 

• WRITE_BLK_MISALIG\ ( ' 
Defines if the data block to be written by one command can be spread over more than one physical 
block of the rJlemo[Y'd_evice. Th'e size of the memory block is defined in WRITE_BL_LEN. 
WRITE_BLK_MISALIGN=O sign\ ls that crossing physical block boundaries is invalid. 
WRITE_BLK_MISALI N=1 signals that crossing physical block boundaries is allowed. 

• REAG K_MISl\LIGN 
Defin~s ·f the da a block to be read by one command can be spread over more than one physical block 
of the tneo,oryae.Jice. The size of the memory block is defined in READ_BL_LEN. 
READ_BLK_MISALIGN=O signals that crossing physical block boundaries is invalid. 
READ_BLK_MISALIGN=1 signals that crossing physical block boundaries is allowed. 
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• DSR_IMP 
Defines if the configurable driver stage is integrated on the card. If set, a driver stage register (DSR) 
shall be implemented (also see Chapter 5.5). 

DSR_IMP DSR type 
o no DSR implemented 
1 DSR implemented 

Table 5-9: DSR Implementation Code Table 

• C SIZE I\ (~ 
Th; parameter is used to compute the user's data card capacity (n~ ihc ug__e the security protected 
area). The memory capacity of the card is computed from the entries C_SIZE, C_SIZE_MULT and 
READ_BL_LEN as follows: 

memory capacity= BLOCKNR * BLOCK_LE
7
'R'\. 

Where W; 1 J 
BLOCKNR = (C SIZE+1) * MULT (1 ~ 
MULT = 2c_SIZE_MULT+2 (C_SIZE_MULT < 8) )(0 
BLOCK LEN = 2READ_BL_LEN (READ BL LE~ < 12) 

- ' - ~ \ 
To indicate 2 GByte card, BLOCK_LEN shall be 102f bytes. 
Therefore, the maximal capacity that can be coded i' '\096\ 5~ 2*1024 = 2 G bytes. 
Example: A32 Mbyte card with BLOCK_LEN = )-12 can b~c0ded by C_SIZE_MULT = 3 and C_SIZE = 
2000. ( r. ~ 
The Maximum Data Area size of Standa~\~ D Card is 4, 153,344 sectors (2028MB). 

• VDD_R_CURR_MIN, VDD_W_CU
1
RR_MlN 

The maximum I f d d ·t ~ ts 'at th I V oded as follows: va ues or rea an wn e curren e minima power suoo1y DD are c 
VDD_R_CURR_MIN 

Code for Current Consumption @ VDD VDD_W_CURR_MIN 
2:0 ~ 1=0 5mA 1 =1 mA 2=5mA 3=1 OmA 

2'=25mA;,5=35mA; 6~60mA; 7=100mA ' 

• 

\ le 5-10: V00 min Current Consumption 

voo_R_c~-AX, vol w cuR~ MAX 
The maximum 
lows: 

val~e~ ~ read ~~d ;rite cur;nts at the maximal power supply VDD a re coded as fol-

VDD_R_CURR_MAX Code for Current Consumption @ VDD 
VDD_W_CURR_MAX 
2:0 'v 0=1mA; 1=5mA; 2=10mA; 3=25mA; 

~ 4=35mA; 5=45mA; 6=80mA; 7=200mA 

Table 5-11: V00 max Current Consumption , 
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• C_SIZE_MUL T 
This parameter is used for coding a factor MULT for computing the total device size (see 'C_SIZE'). The 
factor MULT is defined as 2c_s,zE_MuLT+2 _ 

C_SIZE_MULT MULT 

o 22 = 4 

1 23 = 8 

2 24 = 16 

3 25 = 32 

4 26 = 64 < I ( 
5 2' = 128 \ 
6 2t1 = 256 

7 2~ = 512 < 
Table 5-12: Mulf I Factor fort e vice Si ~ Ip y h De ze 

• ERASE_BLK_EN > 0, 0 /\ ) 
The ERASE BLK_EN defines the granularity of the unit size bf) the data to be erased. The erase 
operation can erase either one or multiple units of 51-2 byte O[ one or multiple units (or sectors) of 
SECTOR_SIZE (see definition below). ( \ \\ 

If ERASE_BLK_EN=0, the host can erase one or--multiple units of SECTOR_SIZE. The erase will start 
from the beginning of the sector that contains \hy staft address to the end of the sector that contains the 
end address. For example, if SECTOR_SIZE=_? 1 and the host sets the Erase Start Address to 5 and the 
Erase End Address to 40, the physical block\ Tro~o 63 will be erased as shown in Figure 5-1. 

Physical Block 0 1 ( 2 3 4 5 6 

(per CSD) 012345

1
6789 0123456789 01Q-6[89 0123456789 0123456789 0123456789 0123456789 

Host Erase /',,. \,__/; I I 
Address Range ~ I ( ~ <::✓./ I 

Erase Area -\~~g -
Erase Unit 

- V -Size 

Figurt's-1: ERASE_BLK_EN = 0 Example 

If ERASE_BLK~ =1 the hos~~ n erase one or multiple units of 512 bytes. All blocks that contain data 
from start addr ss to ~nd addre~ are erased. For example, if the host sets the Erase Start Address to 
~-;nd~ se E✓)ess to 40, the physical blocks from 5 to 40 will be erased as shown in Figure 

PhysicCk......--0 1 2 3 4 5 6 

= ~ ""I"".,,,.,.,.,.,,,,,,.,.,"'""'""' I,,,.,.,.,,,,,.,.,.,,,,,., • .,., 
Address Rang' : : 

Erase Area - - • 

Figure 5-2: ERASE_BLK_EN = 1 Example 
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• SECTOR_SIZE 
The size of an erasable sector. The content of this register is a 7-bit binary coded value, defining the 
number of write blocks (see WRITE_BL_LEN). The actual size is computed by increasing this number 
by one. A value of zero means one write block, 127 means 128 write blocks. 

• WP _GRP _SIZE 0, 
The size of a write protected group. The content of this register is a 7-bit binary (coded value, defining 
the number of erase sectors (see SECTOR_SIZE). The actual size is computed oy iJlcreasing this 
number by one. A value of zero means one erase sector, 127 means 128 erase sectors. 

• ✓- ~\_ V WP_GRP_ENABLE ~j 
A value of O means no group write protection possible. ~ 

• R2W_FACTOR ~A ) 

Defines the typical block program time as a multiple of/the read access tl!]Je. The following table defines 
the field format. \ \ / /\ 

R2W_FACTOR Multiples of read access tim~ 

o 1 ~ \ 
1 2 (write half as fast as_r~'d) 
2 4 \ ' ) \ 
3 8 1 -~ "'-. '--' l 
4 16 \ t \ \ -
5 32r---,..._ J )1 

6,7 re1seried 

Table~~W_FACTOR 

• WRITE_BL_LEN ~ 
The maximum write data ~lock lengtli i~computed as 2wRiTE_BL_LEN_ The maximum block length might 
therefore be in the range f~~ 512 to 2048 bytes. Write Block Length of 512 bytes is always supported. 
Note that in the SD Memo . ., \ ard, the WRITE_BL_LEN is always equal to READ_BL_LEN. 

• 

WRITE_BL_LEN Block Length 

0-8 \) reserved 

9 2~ = 512 bytes 

1~ 21
u = 1024 Bytes 

1, 211 = 2048 Bytes 

12-15 reserved 

Table 5-14: Data Block Length 

Defines whether partial block sizes can be used in block write commands. 
WRITE_BL_PARTIAL=0 means that only the WRITE_BL_LEN block size and its partial derivatives, in 
resolution of units of 512 bytes, can be used for block oriented data write. 
WRITE_BL_PARTIAL=1 means that smaller blocks can be used as well. The minimum block size is one 
byte. 
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• FILE_FORMAT_GRP 
Indicates the selected group of file formats. This field is read-only for ROM. The usage of this field is 
shown in Table 5-15 (Refer to FILE_FORMAT). 

• COPY 
Defines whether the contents is original (=0) or has been copied (=1 ). Setting fhi[i;it t 1 indicates that 
the card content is a copy. The COPY bit is a one time programmable bit ~ R~ card. 

• PERM_WRITE_PROTECT <'\ \ ~ ) 
Permanently protects the entire card content against overwriting ~ r erasing ](all write and erase 
commands for this card are permanently disabled). The defau t value is 0, Le.A10t permanently write 

• 

• 

• 

protected. 

TMP _WRITE_PROTECT (\ 
Temporarily protects the entire card content from being ove , / itten or erased (all write and erase 
commands for this card are temporarily disabled). This bit can e Se~ and reset. The default value is 0, 
i.e. not write protected. 

I\ 
FILE_FORMAT 

Ind icates the file format on the card. This field ~ d- n y for, ROM. The following formats are defi ned: 

FILE_FORMAT _ GRP FILE_FORMAT Type 

o o '> ~re( disk-like file system with partition table ( /. 

o 1 ~ DOS FAT (floppy-like) with boot sector only 
/) (no partition table) 

o 2 (( ~'- Universal File Format 

o 3 ~) Others/Unknown 
1 0, 1,2, 3 

"-,/ 

Reserved 

\ ( Tobie 5-15: File Formats 

A more detailed description is given in the File System Specification. 

r--':\ V 
CRC 

1 
, . \ 

The CRC--field carries the check sum for the CSD contents. It is computed according to Chapter 4.5. 
The c 7cksum has to bk recalculated by the host for any CSD modification. The default corresponds to 
the in tial CSD-contents. 

\......---" 
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5.3.3 CSD Register (CSD Version 2.0) 
Table 5-16 shows Definition of the CSD Version 2.0 for the High Capacity SD Memory Card and 
Extended Capacity SD Memory Card. 
The following sections describe the CSD fields and the relevant data types for SDHC and SDXC Cards. 

CSD Version 2.0 is applied to SDHC and SDXC Cards. The field name in parenthesis is set to fixed 
value and indicates that the host is not necessary to refer these fields. The fixid val'tlles enables host, 
which refers to these fields, to keep compatibility to CSD Version 1.0. The Celt Type field is coded as 
follows: R = readable, W(1) = writable once, W = multiple writable. 

~ 

Name Field Width Value \ ( Cell Type CSD-slice 

CSD structure CSD_STRUCTURE 2 01b \ '\ ' R [127:126] 

reserved - 6 00 0000b \. '- R [125:120] 

data read access-time (TAAC) 8 0Eh 
' \. '\ R [119:112] 

data read access-time in CLK (NSAC) 8 0Qh '\. f}~ R [111:104] 
cycles (NSAC*100) 
max. data transfer rate (TRAN_SPEED) 8 \ 32h,J5Ah, OBh or 28h R [103:96] 

card command classes CCC 12 x~x11U~10101b R [95:84] 

max. read data block length (READ BL LEN) A '\ 9 R [83:80] 

partial blocks for read allowed (READ _BL_PARTIAL) ( 11"' 0 R [79:79] 

write block misalignment (WRITE BLK MISALIGN) 1 \ 0 R [78:78] 
read block misalignment (READ BLK MISALIGN) 1 0 R [77:77] 

DSR implemented DSR_IMP ( ( 1-- X R [76:76] 

reserved - _\ 6 00 0000b R [75:70] 

device size C SIZE I pj· "-. -- 22 xxxxxxh R [69:48] 

reserved -
,.,..._ ' 1 0 R [47:47] 

erase single block enable (ERASE_BtK EN)_} ). 1 1 R [46:46] 

erase sector size (SECT<DR SIZE)~ 7 7Fh R [45:39] 

write protect group size (WP - GRe-"srZ,E) 7 0000000b R [38:32] 

write protect group enable (WP _GRP .{ENABLE) 1 0 R [31 :31] 

reserved 2 00b R [30:29] 

write speed factor (R2W _FACTOR) 3 010b R [28:26] 

max. write data blo~ngth (W~ITE_BL_LEN) 4 9 R [25:22] 

partial blocks for write~ lfo~ed (WR!l'E_BL_PARTIAL) 1 0 R [21 :21] 

reserved - 5 00000b R [20:1 6] 

File format QIQUP \ (FILE_FORMAT _ GRP) 1 0 R [15:15] 

copy flag/ ,,,.....__ ) ) COPY 1 X R/W(1) [14:14] 
permarnfot write _.P[Otection PERM_WRITE_PROTECT 1 X R/W(1) [13:1 3] 

temporary wrife protection TMP _WRITE_PROTECT 1 X R/W [12:12] 

File format ) (FILE_FORMAT) 2 00b R [11 :10] 

reserved ('-../ J - 2 00b R [9:8] 

CRC CRC 7 xxxxxxxb R/W [7:1] 

not used, always'1' - 1 1 - [0:0] 

Table 5-16: The CSD Register Fields (CSD Version 2.0) 
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• TAAC 
This field is fixed to OEh, which indicates 1 ms. The host should not use TMC, NSAC, and 
R2W_FACTOR to calculate timeout and should uses fixed timeout values for read and write operations 
(See 4.6.2). 

• NSAC ~ 
This field is fixed to OOh. NSAC should not be used to calculate time-out values~•,\"\) 

• TRAN_SPEED '\ 
1
8_ 

TRAN_SPEED is variable depends on bus speed mode of SD Interface. Definitior of this field is same 

• 

• 

as in CSD Version1 .0 in case of Default and High Speed mode. This fietd,. s~all by set to OBh 
(100MbiUsec) in both SDR50 and DORSO mode, and shall be se(tov2Bh (200~iUsec) in SDR104 mode. 
When CMDO is received, this field is reset to 32h. 
UHS-II mode is not related to this field. 

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

READ_BL_LEN 
This field is fixed to 9h, which indicates READ_BL_L yte. 

• READ_BL_PARTIAL 
This field is fixed to 0, which indicates partia b ock read is inhibited and only unit of block access is 

allowed. ~ ;:::} 

• WRITE_BLK_MISALIGN ~ 
This field is fixed to 0, which indi~tes hat writ access crossing physical block boundaries is always 
disabled in SDHC and SD~ C Cards~) 

• READ_BLK_MISALIGN\ 
This field is fixed to 0, which indicates that read access crossing physical block boundaries is always 
disabled in SDHC and SDXC ards. 

• DSR_IMP ~ 
Definition of this field Is same as in CSD Version1 .0. 

• C 5f ZE V. 
This ~e d Is,.expanded to 22 bits and can IndIcate up to 2 TBytes (It Is the same as the maximum 
memo~ce sp"ecified by a 32-bit block address.) 
This parameter is used to calculate the user data area capacity in the SD memory card (not include the 
protected area)!The user data area capacity is calculated from C_SIZE as follows: 

./memory capacity= (C_SIZE+1) * 512KByte 

The Minimum user area size of SDHC Card is 4,211,712 sectors (2GB + 8.5MB). 
The Minimum value of C_SIZE for SDHC in CSD Version 2.0 is 001010h (4112). 
The maximum user area size of SDHC Card is (32GB - 80MB) 
The maximum value of C_SIZE for SDHC in CSD Version 2.0 is OOFF5Fh (65375). 
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The Minimum user area size of SDXC Card is 67,108,864 sectors (32GB). 
The Minimum value of C_SIZE for SDXC in CSD Version 2.0 is 00FFFFh (65535). 

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

• SECTOR SIZE ~ 
This field is fixed to 7Fh, which indicates 64 KBytes. This value is not related to erak operation. SDHC 
and SDXC Cards indicate memory boundary by AU size and this field should not be use~ 

/~ 
• WP _GRP _SIZE I\ ( ~ \ 

This field is fixed to 00h. SDHC and SDXC Cards do not support write p otected.1groups. 

~ 
• WP _GRP _ENABLE ( 

This field is fixed to 0. SDHC and SDXC Cards do not support write protedte groups. 

• R2W_FACTOR A (r; I\ 
This field is fixed to 2h, which indicates 4 multiples. Write timefLtJcan be calculated by multiplying the 
read access time and R2W _FACTOR. Refer to Sectio 4.6.2 about write time. 

• \ WRITE_BL_LEN 
V 

This field is fixed to 9h, which indicates WRIT~ LE~ Byte. 

• WRITE_BL_PARTIAL /') \G) 
This field is fixed to 0, which indicates partia block read is inhibited and only unit of block access is 
allowed. ✓ 

• FILE FORMAT GRP @; 
This fi~d is set to 0~ Hos~ uld not u~ is field. 

• D~~~!n of this field is sa; s in CS::ersion1 .0. 

• PERM_WRfii:) ROTEC~ 
Definition o~ h·s fieldis ame as in CSD Version1.0. 

• TM~ TE,_PRo\ECT 
Defin tion of thi field is same as in CSD Version1 .0. 

\_ 

• FILE_FQRM4T) 
This field i~ t to 0. Host should not use this field. 

• CRC 
Definition of this field is same as in CSD Version1 .0. 

124 



©Copyright 2001-2013 SD Group (Panasonic, SanDisk, Toshiba) and SD Card Association 
Physical Layer Simplified Specification Version 4.10 

5.4 RCA register 
The writable 16-bit relative card address register carries the card address that is published by the card 
during the card identification. This address is used for the addressed host-card communication after the 
card identification procedure. The default value of the RCA register is 0x0000. The value 0x0000 is 
reserved to set all cards into the Stand-by State with CMD7. 
In UHS-11 mode, Node ID is used as RCA. Refer to SD-TRAN Section of UHS-I--Addendum for more 
details. 

~\ 
5.5 DSR register (Optional) I""~ 

The 16-bit driver stage register is described in detail in Chapter 0. It can
1
br optronally used to improve 

the bus performance for extended operating conditions (depending on parameters like bus length, 
transfer rate or number of cards). The CSD register carries the information dbout the DSR register 
usage. The default value of the DSR register is 0x404. ~ ~ 

5.6 SCR register ) • \ ~ 
In addition to the CSD register, there is another configuration / Ejgi~ er named SD CARD Configuration 
Register (SCR). SCR provides information on the SD Memo7 Card's special features that were 
configured into the given card. The size of SCR register is 4 (bits. This register shall be set in the 
factory by the SD Memory Card manufacturer. 
The following table describes the SCR register conte( P<\'0 

Description Field ,,,-......___ \ v ) Width Cell SCR 
Type Slice 

SCR Structure SCR_STRUCTWRE 4 R [63:60] 

SD Memory Card - Spec. Version SD_SPEC'--.J} 4 R [59:56] 

data_status_after erases DAlft.~ T~T_AFTER_ERASE 1 R [55:55] 

CPRM Security Support / ~ D:::SEGURITY 3 R [54:52] 

DAT Bus widths supported (( SQ_BU_S_WIDTHS 4 R [51 :48] 

Spec. Version 3.00 or highe" \_ SD_SPEC3 1 R [47] 

Extended Security Support ' 'EX_ SECURITY 4 R [46:43] 

Spec. Version 4.00 or higher ' SD_SPEC4 1 R [42] 
~ 

Reserved \ ' / 6 R [41 :36] 

Command Suppo__(t bits \\ CMD_SUPPORT 4 R [35:32] 

reserved foyrnanufacturer usag_e - 32 R [31 :0] 

Table 5-17: The SCR Fields 

~ 

SCR STRUCTURE SCR Structure Version SD Physical Layer Specification Version 

o\~ \ . SCR version 1.0 Version 1.01-4.00 

1 -1 5"----""" ) reserved 
Note: S~PEC is used to indicate SCR Structure Version instead of this field. 

Table 5-18: SCR Register Structure Version 
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• SD_SPEC, SD_SPEC3, SD_SPEC4 
The Physical Layer Specification Version is indicated in combination with SD_SPEC, SD_SPEC3 and 
SD_SPEC4 as described Table 5-19. 

SD SPEC SD SPEC3 SD SPEC4 Phvsical Laver Specification Version Number 
0 0 0 Version 1.0 and 1.01 ,,.......__ 

1 0 0 Version 1 . 1 O ( r-.. \ 
2 0 0 Version 2.00 C' \ \ 
2 1 0 Version 3.0X - \. \. 
2 1 1 Version 4.XX ---Others reserved I \ 

(1) Version 2.00 hosts do not recognize SD_SPEC3 and SD_SPEC4. \ 
(2) Version 3.00 hosts do not recognize SD_SPEC4. ~ 

Table 5-19: Physical Layer Specification Version 

Application Notes: m; ) 'v 

Hosts recognize Physical Layer Specification Version shall also recognize including future version. 
Next version will be defined in SD SPEC field. ~ / I\ 

The card manufacturer determines SD SPEC value b~ conditt ~ i~cated below. All conditions shall 
be satisfied for each version. The othercombination rt ~ ditions is not allowed. 

• Essential conditions to indicate Version 1.01 Card \s~~'\c=0, SD_SPEC3=0 and SD_SPEC4=0) 
(1) The card does not support CMD6 (f 0 
(2) The card does not support CMD8 
(3) User area capacity shall be up to ~ \J ~ 

• Essential conditions to indicate Version t),O Card (SD_SPEC=1 , SD_SPEC3=0 and SD_SPEC4=0) 
(1) The card shall support CMD6 
(2) The card does not support CMq8 
(3) User area capacity shall be~ 

• Essential conditions to indicate~~rsior-i 2)00 Card (SD_SPEC=2, SD_SPEC3=0 and SD_SPEC4=0) 
(1) The card shall support CMD6 
(2) The card shall suppd~ CMD8 
(3) The card shall support CMD42 

~~~ ~~=~r~~~~~~r bs::~i;o:~o(~g~J~DSC) or 32GB (SDHC) 

• Essential conditions o indicate Version 3.00 Card (SD_SPEC=2, SD_SPEC3=1 and SD_SPEC4=0) 
(1) Th~ card shall s~pport CMD6 
(2) The card~ hall support CMD8 
(3) irhe car: ~~l~ upport CMD42 
(4\ iser ar~capacity shall be up to 2GB (SDSC) or 32GB (SDHC) 

U ser are~ capacity shall be more than or equal to 32GB and up to 2TB (SDXC) 
(5) Speed Cl~ss shall be supported (SDHC or SDXC) ....._,, 

• Optional conditions to indicate Version 3.00 Card 
A card supports any of following functions shall satisfy essential conditions of Version 3.00 Card 

(1) Speed Class supported under the conditions defined in Version 3.00 
(2) UHS-1 supported card 
(3) CMD23 supported card 
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• Essential conditions to indicate Version 4.XX Card (SD_SPEC=2, SD_SPEC3=1 and SD_SPEC4=1) 
(1) Same as the essential conditions of Version 3.00 device 
(2)Support any of additional functions defined by Version 4.XX: 

Followings functions (a) to (c) are defined by Version 4.00. 
(a) Support of CMD48 and CMD49 
(b) Support of UHS-11 mode 
(c) Support of DPS 
Followings functions (d) to (f) are defined by Version 4.10. 
(d) Support of CMD58 and CMD59 ~ 
(e) Support of Power Management Functions I\ ("\ · 
(f) Support of Speed Grade 1 for UHS-11 mode V \ 1 

The requirements of supporting commands mentioned above'ar,e ~~tie optional commands, the 
support of which depends on versions (SD_SPEC, SD_SPEC3 and SD~ PEC4). Refer to Table 4-21 
(and Notes below the table) about the mandatory and optional cdmma ds n.,_the card. 

• DATA_STAT_AFTER_ERASE <) % ~ 
Defines the data status after erase, whether it is O or 1 {th~ tat s is card vendor dependent). 

• SD_SECURITY ,r---, l\ 5') '\) 
This field indicates CPRM Security Specificftion Versi2!J for each capacity card. The definition of 
Protected Area is different in each capacity car~ . ~ \ 

-
SD_SECURITY CPRM Security Version 

o No Secur\ty 
1 r Noti.Js_ed) 

2 
A. (l SDSG Card (Security Version 1.01) 

3 \ "' 
\...._, SDHC Card (Security Version 2.00) 

4 '\~"'- SDXC Card (Security Version 3.xx) 
5-7 \ \ / Reserved 

~ able 5-20: CPRM Security Version 

The basic ruleQ ing this fiel1 
SDSC ca(d lets this field to 2 (Version 1.01) 
SDHC C~d sets thi~field to 3 (Version 2.00). 
SDXC e ard sets this field to 4 (Version 3.xx). 

Note that it is mandatory for a regular writable SD Memory Card to support Security Protocol. For ROM 
(Read Only) and OTP (One Time Programmable) types of the SD Memory Card, the security feature is 

optiorla~ 
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• SD_BUS_WIDTHS 
Describes all the DAT bu ·dth th t S WI s a are SUDDO e >Y Is car . rt db th· d 

SD_BUS_WIDTHS Supported Bus Widths 
Bit0 1 bit (DATO) 
Bit 1 reserved 
Bit2 4 bit (DAT0-3) 
Bit3 reserved 

Table 5-21: SD Memory Card Supported Bus Widths ~ 

Since the SD Memory Card shall support at least the two bus modes 1-~ bit width, then any SD 
Card shall set at least bits 0 and 2 (SD_BUS_WIDTH="0101"). (\ \ l 

(\;\ "\. ~ '--/ 

• EX_SECURITY 
This field indicates Extended Security which is defined by the Part 14 Data Protection System 
Specification Version 1.00 or will be defined by a later verSion\.of the Part 3 Security Specification 
Version 3.00. ( n 

A\)/ Pl ~ 
EX_SECURITY Extended Security " " \ V r 
0000b Extended Security is not supported. "\ '& 

Others Extended Security is suppo~ d. \ 
SCR[44:43] is defined by the ~art A4 Data Protection System 
Specification. SCR[46:4@5 ~eserved for future extension. 

Table 5-22 : ~ xtehded Security 

~ 
• CMD SUPPORT C 

Support bit of new commands are defined to B1 3-32 of SCR. 
/) '-._./ 

SCR Bit Supported Command Command CCC Remark 

35 

34 
33 
32 

~\____,/) 
Extension Register Multi-Block CMD58/59 11 

Optional. 
If CMD58/59 is supported, 
CMD48/49 shall be supported. 

Extension Register Single Block CMD48/49 11 Optional. 
Set Block Count \ ~ CMD23 2, 4 Mandatory for UHS104 card 
SpeetrClass Contrdl \ CMD20 2, 4 Mandatory for SDXC card 

/ /'- Ti:tble 5-23 : Command Support Bits 
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5. 7 Function Extension Specification 
There are demands for adding extension functions in the SD Memory Card. With regard to CMD6, it is 
not suitable for active control but suitable for selecting one of functions at initialization. Then new 
function extension method suitable for active control is introduced. 
Extension Register is introduced to control extension functions. The Extension Register space is 
independent to Memory Space accessed by CMD17/18 and CMD24/25. Commands CMD48/49 and 
CMD58/59 are defined to access Extension Register Space. {~~ 

CMD48: Read Extension Register Single Block Command ~ 
CMD49: Write Extension Register Single Block Command 
CMD58: Read Extension Register Multi-Block Command ~ "\ 
CMD59: Write Extension Register Multi-Block Command 0> ( ~\ 

There are two types of Extension Register Spaces; Memory Exten ~n Register Space and 1/0 
Extension Register Space. 1/0 Extension Register Space is \ eqa'ivalent to-the space accessed by 
CMD52 and CMD53 as defined by the SDIO Specification. \ 
As most host systems can perform 512byte block basis read/ws:ite'<>peration, CMD48/49 are defined as 
512 bytes fixed block length commands. "Data Port" ca~ be 

1
defined in the Extension Register space to 

perform data transfer between host and a function de,,vice. \Lb~atio':\. of Data Port is defined by each 
function specification. CMD49 has specific features to perform bit operation without "Read Modify 
Write". Multiple blocks data transfer is supported by CMD58/59 to' i~crease performance. 
This function extension method also defines "Generaf' lnfor:_mation" to realize Plug & Play in a host 
system. General Information includes information to miffuact10n driver. 

Host shall set reserved bits in a defined wrilab!wEX~) ion~ ister to 0. Even if reserved bits were set 
to 1, Device is not necessary to set reserved bits to'\. \ 

Function Extension Specification is newly,,a1d\ ~ tQ)he Physical Layer Version 4.00 and is applicable 
from the Physical Version 4.00 products. Ttiis fllr:ictidn may be supported on SDHC and SDXC Card 
and is not supported through SPI in erfate. From the Physical Layer Version 4.10, Multi-Block 
commands are supported. ~;._...__G 

5. 7 .1 Extension Regis1'r' Spac~~) 
Figure 5-3 shows Extension Register Space. The space is divided into 256 pages per a Function 
Number. Each page is 512 b yte lengt~f fixed address boundary. Function Number is 1 to 15 in case of 
Memory Space and 1 to 7 in\c~se of 1/0 Space. CMD48/49 cannot access data across page boundary. 
Embodiment of Extension R~gister Set is defined anywhere in the Extension Register Space by a 
Function Specifieation. Extension Register Set should be treated as a different type of register from that 

shown in Tabli, 3-2 \ ~-v __ ............ 

vA Page of 
Extension 
Register 
Space 

512-byte 

Extension Register Space consists 
of 256 pages per function. 

Figure 5-3 : Extension Register Space 
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5. 7 .2 Extension Register Commands 

5.7.2.1 Extension Register Read Command (Single Block) 
Figure 5-4 shows definition of Read Extension Register Single Block Command (CMD48). Bus timing of 
this command is equivalent to a single block read command (CMD17). The response type is R1. Data 
block length is fixed to 512-byte length. 

Memory or 1/0 
Ob: Memory Extension 
1b: 1/0 Extension 

Function No. 

38-35 
FNO 
xxxx 

Memory Space (MIO=0 4-bit Bit38-35) 
00OOb: Function 0 
0001b: Function 1 

1111b: Function 15 

1/0 Space (MIO=1 3-bit Bit38-36, Bit35=0) 
000b: Function 0 
001b: Function 1 

111b: Function 7 

rsv 
0 

Length V /\ \ ) 

Le~~}';:;~r R gister,Access) 

001h:--2 bytes 
002h: a bytes 

1 FF~ 1-2 bytes.I) 

Address (17-bit) ( ) i 
There are two independent spaces; Memory Space (MIO=0) 
and 1/0 Spac~(MIO=1) up to 128KB for each function. 

) 
Figure 5-4 : Read Extension Reg,ster:-Single Block Command (CMD48) 

Fields in the argument of CMD48: ( J:\ 
MIO: Selection of Memory Space/4Jrl/O ~ ) e}(O: Memory Space, 1: 1/0 Space) 

There are two independJn spa~es; Memory Extension Register Space and 1/0 Extension 
Register Space. W hich sp~ce accessed is selected by this bit. 1/0 Extension Register Space is 
equivalent to CMD52/53 SDlO space. (Refer to Part E1 SDIO Specification and Part E7 iSDIO 
Specification.) 

FNO: Function Number \ V ~ 2 

Unique Function Number is assigned to each function. FNO helps host to distinguish functions 
and fnable's'\.card to ~~eek sequence of commands. Up to 15 functions may be assigned for 
memoryand up to 7 functions may be assigned for 1/0. 

ADDR-Addc_ess of Extension Register Space 
/ L--0wer'9-bit is 111sed as offset address in a page and upper 8-bit is used as page number. Up to 
\ ( 256 Ra es i's addressable. 

LEN: Effec iv~ ength of a Page 
On accessing Data Port, card ignores this field but host shall set this field to 000h. If access is 
no tc>Data Port, this field is used to set effective data length (byte unit) in a page. 

Figure 5-5 shows read timing of Extension Register. The register area for read is specified by ADDR 
and LEN and shall be in a page boundary. The register data is set from the top of 512-byte data block 
and the rest is filled with dummy data. If data length is specified over a page boundary (512 bytes), 
surplus data in next page is not read and not set in the data block. The maximum data access time from 
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the end bit of CMD48 is 1 second. 

CMD CMD48 

DAT[3:0] ---+--------------l c~c-~' ~­
'=::====::::::=-=t--1.1~ 1 

512-Byte 

ADDR, FNO, LEN 
LEN Non Effective Data (don\.are) 

ADD.rm;~ Rog;ste, \) ~ ( ~ 0) 

LEN 

f---------i (\ 

Figure 5-5 : Extension Register Read Opkration by CMD48 

Extension Register can be used to interface a 1un"2evice. Use of Data Port is useful to perform 
data transfer between host and the device. Figur~ -6~ hoWs 1ead timing of Data Port. Data Port can be 
defined anywhere in Extension Register space'by implementation of the card. If FNO and ADDR are 
matched to the Data Port location (1 byte), ~ data of the function device can be read. Data from the 
device is set in the data block of CMD48._Data length is fixed 512 bytes. The maximum data access 
time of Data Port from the end bit of CMD4(8✓1s 1 second. 

( ~ 

CMD 

A byte register field is assigned 
as Read Data Port 

Data Port 

512-Byte CRC f----

Function 
Device 

Read Data Port 

~ Figure 5-6 : Data Port Read Operation by CMD48 
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5.7.2.2 Extension Register Write Command (Single Block) 
Figure 5-7 shows definition of Write Extension Register Single Block Command (CMD49). Bus timing of 
this command is equivalent to a single block write command (CMD24). The response type is R1. Data 
block length is fixed to 512-byte length. 

47 46 45-40 39 38-35 34 33-17 
,... 07-01 °J,(~ I S I T I INDEX I MIO I FNO I MW I ADDR I LEN/MASK I CRC7 I E 

I o I 1 I 110001 I X I xxxx I X I 17-bit I xxxxxxxxx I xxxxxxx I 1 I 

I/ \ ~----- \. 
IMernQ!)l or 1/0 Length / Mask '\ I ~ 

I Ob: Memory Extension I Longth (9-bi1 wheo Mw-0~ , A=) 
1 b: 1/0 Extension OOOhc 1byle ~ ) 

001 h: 2 bytes .._., 
002h: 3 bytes 

Function No. 
1FFh: 512 bytes 

Memory Space (MIO=0 4-bit Bit38-35) Mask (lower 8-bit when MWj1 for Register Access) 
OO00b: Function 0 Length iSfiX'ed to 1. 
0001b: Function 1 Each bit c6ntrols wr-ite operation 

.............. ) : Data b1itJ are written 
1111b: Function 15 0: 

1
Regi'ster b~ stll}' unchanged 

\ V l 
1/0 Space (MI0=1 3-bit Bit38-36, Bit35=0) Address (17-bit) 

OO0b: Function 0 Thererare two in~ endent spaces; Memory Space (MIO=0) 
001 b: Function 1 and 1/0 Space (Ml =,> up to 128KB for each function. 

• • ••u••• • • • • • \ ) ) 111b: Function 7 
Mask Write' Mode 

Ob: Mask Oisabled-(Length is set to 16-08) 
1b1: Mask Ena~led (Mask is set to 15-08) 

_ Length is fixed to 1. 

Figure 5-7 : Write Extensiot ~!ster Single Block Command (CMD49) 

Fields in the argument of CMD49: /:). ~~ 
MIO: Selection of Memory Space or l/G Space (0: Memory Space, 1: 1/0 Space) 

There are two ind~endJnVspaces; Memory Extension Register Space and 1/0 Extension 
Register Space. \(vhich spa¥ aJ;6essed is selected by this bit. 

FNO: Function Number 
Unique Function Nu~bfr is assigned to each function. FNO helps host to distinguish functions 
and enables card to 'Check sequence of commands. Up to 15 functions may be assigned for 
memofyand up to 7 f~nctions may be assigned for 1/0. 
//'- V 

MW: Mask Write Oper,~tion (0: Mask is disabled, 1: Mask is enabled) 
OD accessing Data Port, card ignores this field but host shall set this bit to 0. If access is not to 

0 Data Port, this bit determines the meaning of LEN/MASK field. 
If this bit'is set to 0, LEN/MASK field is used to specify data length. 
I thisbit is set to 1, LEN/MASK field is used to specify mask data and data length is 
consic:lefed as 1 byte. Destination in Extension Register is specified by FNO and ADDR. The 
first byte in the data block is used for a write data. Bit operation between destination and write 
data ildependent on mask data. If a mask bit is set to 0, a bit of the destination correspondent 
stays unchanged. If a mask bit is set to 1, a bit of write data correspondent is written to the 
destination. 

ADDR: Address of Extension Register Space 
Lower 9-bit is used as offset address in a page and upper 8-bit is used as page number. Up to 
256 pages is addressable. 
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LEN/MASK: Effective Length of a Page 
On accessing Data Port, card ignores this field but host shall set this field to 000h. If access is 
not to Data Port, meaning of this field is dependent on MW. 
If MW=0, this field is used for setting effective data length (byte unit) in a page. Effective data 
is started from top of data block and only effective data specified by this length is written to 
Extension Register and the rest of block data is discarded and not yfi_iften. This feature is 
useful to avoid read modify write operation. ! [' '\. 
If MW=1 , this field is used for setting mask data (1 byte) and perform mask writ~ operation. 

/~ 
Figure 5-8 shows write timing of Extension Register. The register~ ea /pA e is specified by ADDR 
and LEN, and shall be in a page boundary. The other register 8_(ea 1s\ n~ affected by this write 
operation. The write data is set from the top of 512-byte data Slack an~ he rest is filled with dummy 
data. The write data is written to Extension Register area speci~ed by FNO and ADDR. If the register 
area is specified to across page boundary (512 bytes), data of nextpage is not written. 
Mask write operation is supported to enable bit operation with mask ~ata (MW=1 ). Data length is 
always 1 byte. Host is not necessary to perform read m'odify1w(ite operation by using mask operation. A 
byte write data is set in the top of 512-byte data block. 8-bit mask1in the argument is corresponded to 
the byte write data. Setting Mask to 1 writes a write data bit to{th~register. Setting Mask to 0 prevents 
to change a register bit. Busy is indicated until CMD49 operation 1s completed. The maximum busy 
length to write Extension Register is 1 second. ( \ <\ V 

CMD CMD49 
v 

CRC Status 

ADDR, FNO, LEN 

5-8 : Extension Register Write Operation by CMD49 
~ 

Figur7 5-9'5 ows w~J iming of Data Port. Extension Register is used to interface a function device. If 
FNO ~rnd ADDR a~e matched to the Data Port location (1 byte), a 512-byte data block is sent to the 
function device. The---da'ta is not written to Extension Register and Extension Register is not affected by 
this Data ~te operation. The maximum busy length to write Data Port is 1 second. 
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CMD CMD49 
CRC Status 

DAT[3:0] ---+--------------, 512-Byte CRC Busy 

Addr, FNO 

Addr { 

1 byte 
I-------< 

Data Port ~ Fun~"" 
Device" I \) 
~ 

A byte register field is assigned 
as Write Data Port 

' Figure 5-9 : Data Port Write Operation by CM~ 9 

~"v 
5.7.2.3 Multiple Block Data Transfer /\ , 
Multi-block data transfer can be supported by using CMD58/59.(.;C,MD58/59 are optional and SCR bit 35 
is assigned as the support bit of CMD58/59. If CMD58/5~ 's1t11J,port~, CMD48/49 shall be supported. 

(1) Accessible Location -;) \J 
CMD58/59 are mainly used to transfer multipll ~ages"of data through Data Port and also may be 
used to access multiple pages of Extension \ Register. All 17-bit Address in the argument is 
effective to recognize Data Port location.if tn'e--addres~ is not Data Port, the address of CMD58/59 
should indicate top of page boundary of Exten~ion Register (Card masks Lower 9-bit address to 
0). If a target address becomes illegal, o eration will stop. For example, if data transfer encounters 
a boundary between Data Port and~Non Data.Port, or function boundary, the card may terminate 
the data transfer. 

(2) Total Data Length 0 ~ 
As there is not enough space(ir( !~!:,~rgument to specify total data length, concept of "Block Unit" 
is introduced. Total data length is determined by (Block Unit) x (Block Unit Count). 
Two types of Block Uni~~n b~~lected by Block Unit Select (BUS bit-34 in the argument) 
either 512Bytes (BUS=D)'-for smfuller data transfer or 32KBytes (BUS=1) for larger data transfer. 
32KBytes is adopted for consid'e-ring a cluster size of FAT file system. 32KByte Block Unit means 
that 64 blocks (64 x 512Bytes) is considered as a data transfer unit. Block Unit Count is assigned 
to Bit 16-08 in the argum~nt. Total Data length is calculated as follows: 

BUS=0:512 Byte (Bl<>f k Unit) x Block Unit Count (BUC) 
BUS=1': 32KByte (Blod<Unit) x Block Unit Count (BUC) 

Blocl0Length is fixed to 512 bytes regardless of Block Unit. 

(3) B~ ength and -1-ccess Time . . . 
Maximum busy length for each busy period and maximum data access time for each read data 
blbck_areaelined as 1 second. Card should follow Function Specification if it defines shorter Busy 
Length ancl ) ccess Time. 

(4) Abort Operation 
CMD12 1s used to force the card to go back to "tran" state. Host may issue CMD12 on detecting 
timeout. 

134 



©Copyright 2001-2013 SD Group (Panasonic, SanDisk, Toshiba) and SD Card Association 
Physical Layer Simplified Specification Version 4.10 

5.7.2.4 Extension Register Read Command (Multi-Block) 
CMD58 is assigned as Read Multi-Block Command as shown in Figure 5-10. 
BUS and BUC are explained in Section 5.7.2.3 and the definition of other fields is equivalent to CMD48 
in Section 5.7.2.1. 

Memory or 1/0 
Ob: Memory Extension 
1 b: 1/0 Extension 

38-35 33-17 16-08 07-01 0 
BUC CRC7 E 

xxxxxxxxx xxxxxxx ~ 

Block Uolt Co•ol • ½'0 
000h: 1 BloclfUnit 

32KBytes means that 64-
block data (64 x 512B) is 
treated as a Block Unit. 

0p1 h: 2 Block Un~ 'I 
002h: 3 Blbck Unifs 

....... ti,_. \ l 
/\'.'FFh: 512,Bloc Umts 

Function No. 
Memory Space (MIO=0 4-bit Bit38-35) 

0000b: Function 0 
0001b: Function 1 

1111b: Function 15 

1/0 Space (MIO=1 3-bit Bit38-36, Bit35=0) 
000b: Function 0 
001b: Function 1 

111b: Function 7 

/ / 
Block ~ize is fixed to 512-Byte 
regardless of BUS. 

~ \' 
Address (17,.bit) 

If address points to Data Port, data blocks 
are get from bata Port. 
CMD58 rriay u~ to read multiple pages of 
Extensioh Register. 
If ~eith~ Data Port nor Extension Register 

r exists)operation will stop. 

Figure 5-10: Read Extension R gisterM~lli-Block Command (CMD58) 

Figure 5-11 shows CMD58 read timing from~ itens~ Register and Data Port. Bus timing of this 
command is equivalent to a multi-block rfad"com~d (CMD18). ,,,,,__-...__ 

Data Length = (Block Unit) x (Block Unit Count) 

Arguments (FNO, ADDR, BUS, B { 
~ 

: 

(Block Unit) x (Block Unit Count) 

Figure 5-11 : Extension Register and Data Port Read Operation by CMD58 
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5.7.2.5 Extension Register Write Command (Multi-Block) 
CMD59 is assigned for Write Multi-Block Command as shown in Figure 5-12. 
BUS and BUC are explained in Section 5.7.2.3 and the definition of other fields is equivalent to CMD49 
in Section 5.7.2.2. 

47 46 45-40 39 

Memo 
Ob: Memory Extension 
1 b: 1/0 Extension 

Function No. 

38-35 
FNO 
xxxx 

Block Unit Select 
0: 512Bytes 
1: 32KBytes 

33-17 
ADDR 
17-bit 

32KBytes means that 64-
block data (64 x 512B) is 
treated as a Block Unit. 

16-08 07-01 0 
BUC CRC7 E 

xxxxxxxxx xxxxxxx 1 ~ 

Block Unit Co"nt l~) 
000h: 1 Block U ni 
001 h: 2/BIOCk'Units 
002h: 3~1ock Ulits 

1FFh: 5t 2 Block Units 

Memory Space (MIO=0 4-bit Bit38-35) 
0000b: Function 0 
0001b: Function 1 

1111b: Function 15 

1/0 Space (MIO=1 3-bit Bit38-36, Bit35=0) 
000b: Function 0 
001 b: Function 1 

Address (1;7-bit) 
If address ~oints to Data Port, data blocks 
are get frf m Data Port. 
CMD58 may use to read multiple pages of 
Extens1on Register. 

(c ) it neither Dita Port nor Extension Register 
( I ~tsts, operation will stop. 

111b: Function 7 \ J 

Figure 5-12: Write Extension Register Multi-Block Command (CMD59) 

Figure 5-13 shows CMD59 write timin~ to ~ ~tens~ n Register and Data Port. Bus timing 
command is equivalent to a multi-block write_,com~ d (CMD25). 

I ~ 
Data Length = (Block Unit) X (Block Unit Count) 

i -
i 

: 

(Block Unit) X (Block Unit Count ) 

Figure 5-13: Extension Register and Data Port Write Operation by CMD59 
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5.7.2.6 Error Status Indication 
On detecting Illegal Command Error or Command CRC Error, the card indicates the error to the next R1 
response. Backend errors of Extension Functions (ex. network error of 1/0 function, etc.) shall not be 
indicated in R 1 (backend errors are reserved for memory) and shall be handled by using Error Status 
register, which is defined by each function specification. Interface errors (e{ X-:----illegal argument of 
CMD48/49/58/59) may be indicated to R1 or Error Status register. ~ 
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5. 7 .3 General Information 
Extended Function is supposed to be controlled by a Function Driver on a host system. Host Driver is 
responsible to find and load the pre-installed Function Driver to use a function on a SD card. Host 
System can use any function by this method. General Information is defined to realize Plug & Play in 
Host System. 
There are two types of Function Drivers. One is Standard Function Driver fovControlling Standard 
Register Set that will be provided by OS vendor or Host System vendor. The other, is Particular Function 
Driver for Controlling Specific Register Set that is provided by the vendor who ~<lie a Ftmction. ~-Figure 5-14 shows location and size of General Information for Memory (MIO=O) General Information is 
located from page O of FNO=O and the length of General Information is variable up tQ 1024 bytes (up to 
page 1) depends on the number of functions supported on a card. Th le~gth (in byte) is indicated in a 
field of General Information. 0v :.. 

00000h-001 FFh Extension Register ~ 

Page 0: 512-byte 

00200h-003FFh 

Page 1: 512-byte 

Figure 5-14: Gene~I Information for Memory 

/)\J 
Location of General Information for 1/0 is defined y Part E? iSDIO Specification Version 1.00. Format 
of General Information is same as memd0 ) 

Figure 5-15 shows Data Structure R.neral Information. All fields are defined as little endian format. 
Least significant byte is in8icated i~~ er byte. 
The first 16 bytes are assigned as heade_r of General Information. After that multiple of Extensions are 
described. An Extension is specified-by from Standard Function Code field to the last Extension 

Address field. ~ "-
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,. 
Structure Revision 2 bytes Structure Revision of General lnf01TTiation 

\ 

General Information Length 2 bytes Length is up to 1024 bytes (2 pages) 
Header N-+ Number of Extensions 1byte The number of extensions supported in a device 

Reserved 11 byte Set to all O ( 16 bytes header area) 
> Extension 1 2 bytes Top of Extension 1 lnf01TTiation 

Standard Function Code (SFC) An unique code is assigned to a Standard Function. 
Extension 1 2 bytes Capability Code enables host to select an optimizr{andard 
Function Capability Code (FCC) function driver for the Standard Function Code. 
Extension 1 2 bytes Manufacturer Code is assigned by USB-IF. -,.) Function Manufacturer Code (FMC) 8-bit JED EC Manufacturer Code may be used. 

Extension 1 16 bytes Describe manufacturer name or seller name ih ASCII 
Function Manufacturer Name (FMN) 
Extension 1 2 bytes Particular Function Code is 'managed by a device manufacturer. 
Particular Function Code (PFC) This is used to find a particular function driver. 

Ext. 1 Extension 1 16 bytes Describe Function Information by ASCII. 
Function Name (FN) This field is managed by a manufacturer. ·-- Pointer to Next Extension 2 bytes Start Address of Next Extension Information (Lower 16-bit) 

FNO=OOOb, Address bit 17 is always treated as 0. 
Number of Register Sets (=X) 1 byte The number of Register Sets described below. 

Reserved 1 byte OOh 
Register Set Address 1 4 bytes The firs( Register Set of Extension 1 

Register Set Address 2 4 bytes The second Register Set of Extension 1 

R""ister Set Address X 4 bvtes The Xth Reoister Set of Extension 1 -Extension 2 2 bytes Top of Extension 2 Information 

Ext. 2 Standard Function Code 
' 

........... 
Reoister Set Address Y 4 bytes The Yth Register Set of Extension 2 

Extension N 2 bytes Top of Extension N Information 

Ext. N Standard Function Code 

'- Reoister Set Address Z 4 bytes The Zth ReQister Set of Extension N 
Unused Area Sel to all 0. 

Figure 5-15: ata Structure of General Information a 
5.7.3.1 Common Header Fields 

5.7.3.1.1 Structure Revision ~ -by!~ 
This field indicates Struct~re Revision of General Information. If a new field is added and structure 
is modified, a value of this} ield is incremented. A new field is added after the last field of a function. 
Driver shall calculate next function location by using Pointer to Next Extension. 0000h is indicated in 

this versionM '0 
5.7.3.1.2 G·eneral Information Length (2-byte) 

This fie~ in~icates t~e length of General Information in byte unit. If the length is over 512 bytes, two 
pa( e( are usec:f\v , ribe General Information. The maximum length is defined as 1024 bytes. 

5.7.3.\3-N~of Extensions (1-byte) 
This fielaindi5ates the number of extension functions supported on a card. In case of Memory, the 
number ~ .,jynction is 1 to 15. In case of 1/0, the number of function is 1 to 7. 

5.7.3.2 Function Fields per Function 

5.7.3.2.1 Standard Function Code (SFC 2-byte) 
This field is used to find a Standard Function Driver. Non Standard Function sets this field to 0000h. 
Code assignment is independent between memory and SDIO. 
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5.7.3.2.2 Function Capability Code (FCC 2-byte) 
Host Driver uses this field to select one of Standard Function Drivers when different types of 
Standard Function Drivers exist to a Standard Function Code. Function Specification may define 
options in this field to distinguish driver types. How to use this field is up to host system 
implementation. Setting 0000h to this field means that Host Driver selects Standard Function 
Driver by a Standard Function Code without using this field . \ 

5. 7.3.2.3 Function Manufacturer Code (FMC 2-byle) ,-~ 
This field indicates a manufacturer code and is used to find af articular Function Driver. Setting of 
this field to 0000h means that a defined standard function is not dependent o~ ~endors. 
The FMC field identifies the SDIO Card's manufacturer. A two-byte\code (2nd byte as non-zero) is 
assigned by the USB Implementers Forum (USB-IF). The coae witf:l 2nd byte zero is reserved for 
manufacturers who have an eight-bit JEDEC manufacturer code as~gned by JEDEC Publication 
106. Manufacturers may use their eight-bit JEDEC manufacturer cod~ l\s the 1st byte of FMC. For 
example, if a JEDEC manufacturer code is 89h, its FMC is0089h. USB-IF has all responsibility for 
managing manufacturer code including 2 byte codes whic'Y- are assigned by the former PCMCIA 
organization. Two byte manufacturer codes assigned by \usBl lF and by PCMCIA can be used for 
FMC. If a manufacturer does not currently have a FMG assigned, they should request assignment of 
a new manufacture code from USB-IF by mailing ~ min@Osb.org. 

5.7.3.2.4 Function Manufacturer Name (FMN 16-t>yte) ~ 
This field is used to describe manufactu~r-nam~r ; seller name by ASCII character that is 
correspondent to Function Manufacturer Code. nused--area is filled with 00h. Common Name of an 
organization may be used. /"') \ ) 

5.7.3.2.5 Particular Function Code (P~CJ-byte 
This field is used to find a Particular F~ction \Driver and definition of code is managed by a vendor 
described in FMC and FMN. If Paftisular uriction Driver is not supported, this filed is set to 0000h. 

5.7.3.2.6 Function Name (~ 161 ~ 
This field is used to deskrit>e Fu~on Description by ASCII character. Unused area is filled with 00h. 

5.7.3.2.7 Pointer to Next E~~ nsion (2-byte) 
I 

This field indicates offset address of next function location from the top of General Information. Lower 
10-bit is used to indicate offs~ nd upper 6-bit shall be set to 0. 
Driver s~all calculate location of next function information by this field because a new field may be 
added at the end of'{unction information. Then the current last field may not be the last one in future. 
The{.last function sets this field to 0000h. The last function number N is set to Number of 
E\ sions field's} 

5.7.3.2.8 Number of Register Sets (1-byte) 
Multi¥ of register set can be assigned per a function. This field indicates number of register sets in 
the funct1orvsp~cified by FNO. A list of Extension Register Set Address follows after this field. The 
first register set is supposed to be started from top of a function space. 

5.7.3.2.9 Extension Register Set Address (4-byte for each) 
This field indicates FNO and start address of a register set. Assignment of this 4-byte field is shown 
in Table 5-24. 
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31-22 21-18 17 16-00 
10-bit 4-bit 1-bit 17-bit 

Reserved (0000000000b) FNO o Start Address of a Reqister Set 
Bit 21-18: 4-bit FNO for Memory Space \ 
Bit 21-19. 3-bit FNO for 1/0 Space. (Bit 18=0). [ \ 

Table 5-24 : Field Definition of Extension Register Set Address ) 
/~ 

Refer to Appendix F.1 about how to identify Function Driver. 

~~C)\v 
5.7.4 Revision Management 
A function should assign Revision Register in the Function Extension Register Set to indicate the 
function revision. Functionality of the function may be extended bY\l_nc;reasing the function revision. 
Higher revision shall include all functionality of lower revision o Reep compatibility. Function Driver has 
driver revision which is correspond to the function revision. Any/ revi~ion of function shall be able to be 
used with any revision combination of function driver. By r,eading ~ e Revision Register, Function Driver 
knows usable functionality which is determined by lower revisio~ of either function or driver. 
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5.8 Application Specification on Function Extension 
All application specifications defined in this section are assigned to Memory Extension Register Space. 
Assignment of Standard Function Code for memory is managed by Table 5-25. 

Function Name Standard Function Code 
Power Management Function 0001 h ~ 

Table 5-25 : Standard Function Code Assignment Tabli> r ~ 
5.8.1 Power Management Function (\ ~ ~ 

5.8.1.1 Abstract of Power Management Function ~ 1 r'\' 
This Section defines three power management functions on Exte sion RegisteJ 

(1) Features of Power Off Notification \.. \ 
Power Off Notification is defined to ensure higher reliability~ nd safety or data stored in the SD 
Memory Card. Host should use Power Off Notification (if card supportlitf before shut down the card 
power to avoid problems likely occurs by sudden po~ er off~ (7 

(2) Features of Power Sustenance /\. \1 ( /'i 
Card may request host to sustain card power as much as possible to improve card performance. If 
host accept power sustenance, the card may operate even while host does not use the card. Once 
host accepts power sustenance, host should keeP, card pow~ as much as possible until host system 

~~r~~- \\)\ 

(3) Features of Power Down Mode } 
Host may let the card to go into lower po er consumption mode while host does not intend to use 
the card (Power consumption level is dependent on implementation.). The card can be used again 
without re-initialization by retrieving fr~ r 9own Mode (in tran state). 

5.8.1.2 Extension Register Set f~ w~ agement 
Table 5-26 shows Power Managertien(Re'gister Set consists of 3 bytes registers. Start address of this 
register is indicated by Ge\ eral lnformatio . 

Offset Register Name - Type 

0 Power Management Revision Read only Register Standard 
1 Power Managem ent Status Register Read only Register Standard 
2 Power\ Management Setting Register Read/Write Register Standard J Table 5-26 : Power Management Register Set 

Figur~ shows RoY:,er Management Revision register. Lower 4-bit is assigned to revision of Power 
Mana1ge~ t Regi'stef Set. The first version is indicated to 0000b. Power Management Functions may 
be updated with\keeping former versions compatibility. Revision will be incremented for every update. A 
driver for----fontrolling Power Management register compares card register revision and own driver 
revision to determine which functions can be used. This register is read only type and is not affected to 
a write operation. 
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Bit Position 7 6 5 4 3 2 1 0 
I Field Name I Rsv I Rsv I Rsv I Rsv I Revision I 
I Value I 0 I 0 I 0 I 0 I ' 0000b I 

\ 
Revision of Power Management Register Set 

0000b: The first revision .0 
others: Reserved A ("\. , 

, 
~ \. \. 

Figure 5-16: Power Management Revisioz Re~ister ~ V 

Figure 5-17 shows Power Management Status register. Three s'lipp~ s_J:>its of Power Manage 
Functions are defined in the upper 4-bit field. Setting a support bit to 1 means a function is supported by 
card. Card supporting Power Management Function shall support at least Power Off Notification. 
Support of Power Sustenance and Power Down Mode is optional. ~ 
Three status bits of Power Manage Functions are defined in tnelofer 4-bit field . There statuses will be 
changed in response to the setting of Power Managemen't S\ tti( f)gi~ter. 

Bit Position 

Field Name 
Value 

7 5 4 

Rsv 
0 X 

Support bit of each Function 
0: Not Supported 
1: Supported 

3 

Rsv 
0 

If PDMS=1 or PSUS=1, POFS shall be 10 '> 

Power Down Mode Read~ \.___,,'B 
0: Not in Power Down ode J 
1: In Power Down Mode ( ~ 

This bit is always O if PDMS=O r PDMl'.!_=0. l~ostQ 
PDMN=1, the card indicates entering Power Down Mode by 
PDMR=1. \ ~ '-.. 
Power Down Mode is a lower power consumption mode of 
card. (Power consumption level d~pends on im~ementat ion.) 
This mode is effective in SD Bus Interface mode but not 
effective in UHS-11 mode (instead Hit>t'mate should be used). 
Host needs to supply VDD during Powel'lfown Mode. 
The maximi time of setting this bit is\1 sec from setting 
PDMN=1. ~ 

\ 0 

This bit is always O if POFS=O or POFN=O. If host 
sets POFN=1, card indicates ready for power off by 
POFR=1. Once POFR=1, it is cleared by power cycle. 
The maximum time of setting this bit it 1sec from 
setting POFN=1. 

Power Sustenance Request 
0: Card does not expect power sustenance 
1: Card requests power sustenance 

This bit is always O if PSUS=O or PSUN=O. If host sets 
PSUN=1, the card may request host to sustain power 
supply as much as possible by indicating PSUR=1. 
The maximum time settled this bit is 1sec from setting 
PSUN=1. 

Figure 5-17: Power Management Status Register 

Figurt'2 shows 2 wer Management Setting register. Three notification brts of Power Manage 
Functions are cl~fined in the lower 4-bit field. Host may set each notification bit if correspondent support 
bit is setto 1. Card indicates response of notification to the Power Management Status register. Host 
requests cardJd shut down card power by setting POFN=1 and to enter Power Down Mode by setting 
PDMN=1. Power Sustenance allows card to consume power to increase memory access performance 
while host does not use the card. Then on accepting Power Sustenance by setting PSUN=1 , host 
should maintain card power as much as possible until host system power down. This register is read 
only type and is not affected to a write operation. This register is read/write type. 
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Bit Position 7 6 5 4 
Field Name Rsv Rsv Rsv Rsv PSUN 

Value O O 0 0 X X 

Power Down Mode Notification 
0: Normal Operation 

Power Off Notification / 
0: Normal Operation / ,.._ 
1: Power Off Request r 

1: Power Down Request If POFS=1, this bit may be set to 1. 

If PDMS=1, this bit may be set to 1. 
Setting this bit lets a card go into Power Down Mode. 
Clearing this bit ret rieves the card from Power Down 
Mode without re-initialization. 

After setting POFN=1, host m~y use only CMD4B to 

poll Power Mz nagem7 t;:_us register. 

Power Sustenance Notification 
O: Host may not support Pf.Wer\pff Notification 
1: Host uses Power-.Off Notification to-Shut down power 

If PSUS=1, this bit may be ~et1o 1, 
PSUN=1 means that host is <!_Ccepted to{ustain power supply 
to the card as much as'Possib~e. / 
Once PSUN=1, the hos~eeds to set PSUN=0 and POFN=1 
and wait until POFR=1 tO'shut dovln card power. 

Figure 5-18 : Power Management ~et n!I Register 

5.8.1.3 Power Off Notification (J j 
Figure 5-19 shows flow chart to control Power Off ~ ti 1cation Sequence. Card should set POFR to 1 
within 1 second of CMD49 busy period. If POFR can0t ~e j et to 1 within busy period, card shall set 
POFR to 1 within 1 second from end of busy of MD490 

----,I \ 
St~ ~ oing to shut down the card power 

CMD48 Read POFS 
Base + ¥ 

CMD49 Set POFN=1 
Base ->; 2 

Wait during Busy 

Shut Down Card Power 

End 

Figure 5-19 : Power Off Notification Flow 

• Power Off N6t1_!jcation Sequence 
(1 ) Host checks support bit of Power Off Notification. If POFS=1, host may use Power Off Notification. 
(2) Just before host would like to shut down card power, host requests Power Off Notification to the 

card by setting POFN=1. 
(3) Host waits until busy of CMD49 is released. 
(4) Host polls Power Management Status register until the card indicates ready to power off 
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(POFR=1). 
(5) If POFR=1, host shuts down the card power 

Once POFN is set to 1, power cycle and re-initialization are required to use the card again. 

5.8.1.4 Power Sustenance 
Figure 5-20 shows flow chart to control Power Sustenance. If host set PSU to 1, card should set 
PSUR to 1 within 1 second of CMD49 busy period. If PSUR cannot be set to 1/\i ithin busy period, card 
shall set PSUR to 1 within 1 second from end of busy of CMD49. If host set PSUN to 0, card should set 
PSUR to 0 within 1 second of CMD49 busy period. If PSUR cannot be set100 'w 1thin busy period, card 
shall set PSUR to 0 within 1 second from end of busy of CMD49. \ ( ~ 

• Enabling Power Sustenance (\ f\. 0 
(1) Host checks support bit of Power Sustenance. If PSUS=1, host may use Power Sustenance. 
(2) Host sets PSUN to 1. ~ 
(3) Host waits until busy of CMD49 is released ~ ) 
(4) Host polls Power Management Status register until the car-d indicates PSUR=1. 

Power Off Notification shall be used to shut down the ea~Jlo er while Power Sustenance is 
enabled. ~~ 

• Disabling Power Sustenance ~ ~ 
(1) Host sets PSUN=0 in the Power Management Setting Register if PSUR=1. 
(2) Host waits until busy of CMD49 is release , J 
(3) Host polls Power Management Status register until the card indicates PSUR=0. 

/)\\J 

< 

CMD48 Read PSUR 
Base+ 1 

PSUR=1 

Disabling Power Sustenance 

CMD48 Read PSUR 
Base+ 1 

CMD49 Set PSUN=O 
Base+ 2 

Wait during Busy 

CMD48 Read PSUR 
Base+ 1 

End 

PSUR=<I 

~ re 5-20 : Power Sustenance Enabling/ Disabling Sequence Flow 
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Application Notes for Host designers 
1) Once enabling Power Sustenance, Host shall use Power Off Notification sequence to shut 

down card power. Card power supply control by monitoring open/close the slot cover is one 
of possible safe solutions while in Power Sustenance to avoid sudden card removal. 

2) In addition, card-internal program or erase procedures may continue'during Power 
Sustenance mode even if card is locked by CMD42. If Host is to shut dbwn card power in 
this situation, Host shall unlock the card at first and execute Power Off Nptification 
sequence as mentioned above. ✓----------

3) While Power Sustenance is enabled, card may consume powtr for'internal opeJations, even 
without Host. So Host who would like to save power whil~ eard i~ 1 nu1ed, should disable 
Power Sustenance mode. I\ \ 

4) During Power Sustenance Mode, card may access to mernor,y in~ rnally. 
5) Assume power consumption during Power Sustenance mode is equi~lent to that of normal 

command operation. Setting of Power Limit through GMD~ is eftective even in Power 
Sustenance mode. ~ ) 

6) By enabling Power Sustenance mode, tota('perfor~ ance of Card may be noticeably 
improved. The actual level of improvement is not 'sp~ecified by the physical spec, and 
depends on the card's implementation. I t-1 

r"'---'\'\ j 

5.8.1.5 Power Down Mode ~ \ 5) \) 
This function can be used in SD mode only. In UHS-11 mede, Hibernate mode should be used. Always 
PDMR=0 in UHS-11 mode. In Power Down Mode, card executes at least CMD48/49 for exiting from 
Power Down Mode and CMD0. If host set-PD"4_N-Jo 1, card should set PDMR to 1 within 1 second of 
CMD49 busy period. If PDMR cannot b1 se(to 1 within busy period, card shall set PDMR to 1 within 1 
second from end of busy of CMD49. If host set PDMN to 0, card should set PDMR to 0 within 1 second 
of CMD49 busy period. If PDMR c~not oe s~\ o 0 within busy period, card shall set PDMR to 0 within 
1 second from end of busy of CM 49. i: e~ rd states retrieved from Power Down Mode is same as 
that before entering Power-Down ~ 

• Entering Power Down M~de 
(1) Host checks support bi of Power Down Mode. If PDMS=1 , host may use Power Down Mode. 
(2) Host sets PDMN to 1. 
(3) Host waits until busy of OMD49 is released. 
(4) Host po1J,5i>ower Managetnent Status register until the card indicates PDMR=1. 
(5) Host keeps pr vidi~g VDD\ SD Clock should be stopped. 

• Exiting Power Dow~ ode 
(1) ~ost starts to provide SD Clock. 
(2) ~ost sets PDMN=0 in the Power Management Setting Register if PDMR=1. 
(3) P-lost waftsu°'t1I busy of CMD49 is released. 
(4) Hbst polls ~ower Management Status register until the card indicates PDMR=0. 

• Aborting ~ r Down Mode 
(1) If CMD0 is received, the card exits Power Down Mode and enters idle state. 
(2) Initialization is required to use the card. 
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PDMR~ 

Entering Power Down Mode 

CMD48 Read PDMS 
Base+ 1 

CMD49 Set PDMN=1 
Base+ 2 

Wait during Busy 

CMD48 Read PDMR 
Base+ 1 

End 

PDMS=O 

Exiting Power Down Mode 

CMD48 Read PDMR 
Base + 1 

PDMR=OD 

PDMR=1 ( 

CMD49 Set PDMN~ \ 

Base+2 V 

~----,--~-(~ 0 
CM048 Read PDr,tR _) 

Base + 1 

PDMR=1 

Figure 5-21 : Power Down Mode Entering / Exiting Sequence Flow 

Application Notes for Host designers G 
1) The power consumption level during Powe\r Wow)r\ Mode is not specified and it varies 

dependent on Card products. \ ) ) 
2) Host designers should consider that rec?~ i~e~ Power Down Mode is up to 1 second. 

5.8.1.6 General Information of Power Mana\ ~ mJJ Function 
Table 5-27 shows an example of Gener~I Information for only Power Management Function is assigned 
to Extension 1 ("Number of Extended Functio~s" is set to 1 and "Pointer to Next Extension" is set to 
0000h). Standard Code 0001h for ~ewer M~(!slgement Function (Defined by Table 5-25) is set to SFC. 
FCC is not used (set to 0000h).( F.M~MN/and PFC shall be set to 0 because this function is 
manufacturer unrelated. \'N is set to "~ "'(ASCII code) and filled with 0 for the rest of this field. 

'-..,., } 
2,t>y1es ' 00011 Structure Revision ' 000011 The first revision of General Information 

00211 General Information Length 2 t>y1es 004011 Data Length of this information 

00411 Number of Extensions ' 1 t>y1e 0111 Only Power Management Function is implemented 

00511--0Fh Reserved 11 t>y1e all 0 Set to all o (16 t>y1es header area) 

01011 Exte~ n 1 2 t>y1es 000111 Code of Power Management Function 
Standar Function Code (SFC) 

01211 ~ension 1 2 bytes 000011 FCC is not used 
unction Capability Code (FCC) 

01411 Extension 1 2 bytes 000011 Manufacturer unrelated 
Function Manufacturer Code (FMC) >-

01611" Extension 1 I 16 bytes all 0 Manufacturer unrelated ,,-,,.., Function Manufacturer Name (FMN) 

02611 Extension '1 2 bytes 000011 Manufacturer unrelated 
Particula~ Function Code (PFC) 

02811 Extension '1 16 bytes "PMF" ASCII +all 0 
Fundion Name (FN) "PMF" = 00000000 00000000 00000000 0046405011 

03811 Pointer to Next Extension 2 bytes 000011 End of General Information 

03Ah Number of Register Sets (=X) 1 byte 0111 One Register Set 

03Bh Reserved 1 byte 0011 

03Ch Register Set Address 1 4 bytes 0004 Top Address of FNO=1 
000011 

040h-1Ffh Unused Area al 0 

Table 5-27 : General Information of Power Management Function 
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6. SD Memory Card Hardware Interface 
A part of this section is not described. 

6.1 Hot Insertion and Removal 
This section is a blank in the Simplified Specification. 

6.2 Card Detection (Insertion/Removal) 
This section is a blank in the Simplified Specification. 

6.3 Power Protection (Insertion/Removal) 
This section is a blank in the Simplified Specification. 

~ 
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6.4 Power Scheme 
The power scheme of the SD Memory Card bus is handled locally in each SD Memory Card and in the 
host. 

6.4.1 Power Up Sequence for SD Bus Interface 

6.4.1.1 Power Up Time of Card /\(c" 
A device shall be ready to accept the first command w ithin 1ms from detecting ,VDD min. 
Device may use up to 74 clocks for preparation before receiving the first corn~d. \. 

Supply voltage \/ ( ('\ V 

J~~~-------------------~-~\.\2 ___ _ 
Host Supply Voltage 

\v \ 

------------

Time out value for time 

b \ 
I : 1tiahzation sequenc 

11 
~C~MD ~ - ) 

1 irntiahzation delay ~ until no cards are responding 
The maximum of with busy bit set 
1 msec, 7 4 clock cycles 
and supply ramp up lime 

Optional repetitions of ACMD41 

Figur~ ower-up Diagram of Card 

• 'Power up time' is defin~d as voltage risi_9. time from 0 volt to V00 min (refer to 6.6) and depends on 
application parameters such as the maximum number of SD Cards, the bus length and the 
characteristic of the powe\ s~pply unit. 

• 'Supply ramp up time' provi~e~ the time that the power is built up to the operating level (Host Supply 
Voltage) and the time to wait until the SD card can accept the first command, 

• The host sh, 11 supply power t0,,, the card so that the voltage is reached to Vdd_min within 250ms and 
start to suppiy at least 74 SD clocks to the SD card with keeping CMD line to high. In case of SPI 
mode, C& shall be hr ld to high during 7 4 clock cycles. 

• After power'a~~ includinfr hot insertion, i.e. inserting a card when the bus is operating) the SD Card 
entersfhe idle state In case of SD host, CMD0 is not necessary. In case of SPI host, CMD0 shall be 
thd, fi~ t command fo ;;end the card to SPI mode. 

• CMl3>e newly added in the Physical Layer Specification Version 2.00 to support multiple voltage 
ranges and u1ed to check whether the card supports supplied voltage. The version 2.00 or later host 
shall issue CMOS and verify voltage before card initialization. The host that does not support CMOS 
shall supply high voltage range. 

• ACMD41 is a synchronization command used to negotiate the operation voltage range and to poll the 
cards until they are out of their power-up sequence. In case the host system connects multiple cards, 
the host shall check that all cards satisfy the supplied voltage. Otherwise, the host should select one 
of the cards and initialize. 
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6.4.1.2 Power Up Time of Host 
Reset level is not described in Figure 6-4 of the Physical Layer Specification Version 2.00. Change of 
Figure 6-5 is applied to Figure 6-4 of the Physical Layer Specification. 
Host needs to keep power line level less than 0.5V and more than 1 ms before power ramp up. 

VDD Supply 
Voltage 

J.GV .... vo_ D_m_ax _____________ ~ Stable supply 
voltage 

Operating supply range 

VDD min 

\/~ 
~ I~ ~~Mf 

0.5V l----.p=owe<= onic= ,.= .. c---1 r>n ! ! 
,__.,.- ....., • .._.,..""..,...._ ____________ _ _ ......... ...,....._. --,•-- T1me ( notscaled) 

Min. ____.j._ Min. 0.1msec --.l 
1 msec ! - Max. 35msec : 

----Power ramp up 0 , 
_ _ ,--...; Host provides at least 74 

Voltage should be as monotonic as poss(I\ ~ ~:!:::fore issuing first 

Figure 6-5 : Pow iFUR Diagram of Host 

6.4.1.3 Power On or Power Cycle \J ~ '--..:./ 
Followings are requirements for Power or, an Power cycle to assure a reliable SD Card hard reset. 

(1) Voltage level shall be below 0.5\__ ~ 

(2) Duration shall be at least 1 s""'-. ...... ,?::!,),· 
6.4.1.4 Power Supply Ramp Up ~ 
The power ramp up time is defined fro~,:L0.5V threshold level up to the operating supply voltage which is 
stable between VDD(min} and VDS(max.-) and host can supply SDCLK. 

Followings are recommendati~n of Power ramp up: 
(1) Voltage of power ramR_ ~P should be monotonic as much as possible. 
(2) The minirmlm ramp up~ime should be 0.1 ms. 
(3) The,,ma'ximum \amp up time should be 35ms for 2.7-3.6V power supply. 
(4) Ho~t sball wait until VDD is stable. 
( r:-fler 1 ms VD' stable time. host provides at least 7 4 clocks before issuing the first command. 

6
~
4~h! ~ ~:::.;;;;0~~;.,e~~~~':t,e card v,, shall be lowered to less than 0.5Volt tor a 

minimum peri~d of 1ms. During power down, DAT, CMD, and CLK should be disconnected or driven 
to logical O..by the host to avoid a situation that the operating current is drawn through the signal lines. 

• If the host needs to change the operating voltage, a power cycle is required. Power cycle means the 
power is turned off and supplied again. Power cycle is also needed for accessing cards that are 
already in Inactive State. To create a power cycle the host shall follow the power down description 
before power up the card (i.e. the card V0 0 shall be once lowered to less than 0.5Volt for a minimum 
period of 1 ms). 
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6.4.2 Power Up Sequence for UHS-11 Interface 

6.4.2.1 Power Up Sequence of UHS-11 Card 
Figure 6-6 shows power up sequence for UHS-11 Card. Either power up order of V001 and V002 should 
be expected and card power up is dependent on later one. UHS-11 Card shall be ready to start PHY 
Initialization within 1 ms from detecting later of V001 min or V002 min. 

Supply voltage 

V001 max -------------------------------------------· 

Figure 6-6 : Power Up Seqr nce of UHS~I Device 

6.4.2.2 Power Up Sequence of UHS-11 Host~ \ 5) 
Figure 6-7 shows power up sequence for UHSr ll Host. Followings are host requirements. 

• Power up and ramp up of V001 and V002 shouldf e monotonic. 
• Either power up order is allowed for{Voo1 an~o2-
• Trise shall be 0.1-35ms. 
• Host shall wait until both V001 and \;(0~ table. 
• After additional 1 ms stable ti~ e frorrr~Q!,~ J oo1 and V002 are stable, host starts to provide RCLK 

and then starts PHY Initialization~ "-../ 
• Once V002 is supplied, host n~e to supply V002 until power cycle. 
• When power cycle is e~ecuted, ke_e~ V001 less than 0.5V and V002 less than 0.2V at least 1 ms 

before starting power up~ 
~') 

V001 Power ramp up time 

Trise = 0.1-35msec 
' ' \ ' 1ms (min.) ' 

Host provides RCLK before 
starting PHY initialization 

Figure 6-7 : Power Up Sequence of UHS-11 Host 
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6.5 Programmable Card Output Driver (3.3V Single End) (Optional) 
This section is a blank in the Simplified Specification. 

6.6 Bus Operating Conditions for 3.3V Signaling 
This section is a blank in the Simplified Specification. 

6.7 Driver Strength and Bus Timing for 1.8V Signaling{N 
This section is a blank in the Simplified Specification. (\. \.. ~ 

6.8 Electrical Static Discharge (ESD) Requirement(~~ 
This section is a blank in the Simplified Specification. ~ 
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7. SPI Mode 

7.1 Introduction 
The SPI mode consists of a secondary communication protocol that is offered by Flash-based SD 
Memory Cards. This mode is a subset of the SD Memory Card protocol, designed to communicate with 
a SPI channel, commonly found in Motorola's (and lately a few other vendorspzr,1crocontrollers. The 
interface is selected during the first reset command after power up (CMD0) ana cam:iot be changed 
once the part is powered on. \ '\ 
The SPI standard defines the physical link only, and not the complete data-transfer protocol. The SD 
Memory Card SPI implementation uses a subset of the SD Memory Card protocol and command set. 
The advantage of the SPI mode is the capability of using an off-the-s~elf host, hence reducing the 
design-in effort to minimum. The disadvantage is the loss of pe(forma'nce of thb 

1
SPI mode versus SD 

mode (e.g. Single data line and hardware CS signal per card). ( 'v / 

The commands and functions in SD mode defined after theNersioii:'2.00 are not supported in 
SPI mode. The card ma res ond to the commands and functions even if the card is in SPI 
mode but host should not use them in SPI mode. 0-_ / 

6 
:) 

7.2 SPI Bus Protocol ~ ) · 
While the SD Memory Card channel is based on co~ nd an':\ data bit streams that are initiated by a 
start bit and terminated by a stop bit, the SPI channf l ~s 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 aJ'1fie'a~sertio of the CS signal. Every command or data 
token shall be aligned to 8-clock cycle boundal)'c' 
Similar to the SD Memory Card protocol, the 1SPI messages consist of command, response and data­
block tokens. All communication betwee~ st and--cards is controlled by the host (master). The host 
starts every bus transaction by asserting t~e CS signal low. 
The selected card always responds to th~ om~ and as opposed to the SD mode. 
When the card encounters a datalemeva( problem in a read operation, it will respond with an error 
response (which replaces the expe

1
cted data blo6k) rather than by a timeout as in the SD mode. 

Additionally, every data block sen to th card during write operations will be responded with a data 
response token. 
In the case of a Standard C~pacity tylemory Card, a data block can be as big as one card write block 
and as small as a single byt~\Partialb lock read/write operations are enabled by card options specified 
in the CSD register. _\ 
In case of SDHC and SDXC Car s, block length is fixed to 512 bytes. The block length set by CMD16 is 
only used for CMD42~nd not ~sed for memory data transfer. So, partial block read/write operations are 
also disabled. urthermore, Write Protected commands (CMD28, CMD29 and CMD30) are not 
supported. 
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SPI Operatioo 
Mode 

In SD Bus mode 

- ----------.... 
It is mandatory for the host compliant to 
Physical Spec Version 2.00 to send CMD8 

\ 
In SPI mcxle from any~ ~~~ SO Bus ',, 

CMOO // ~~~ Operation Modes , 

I -~-~ I 

Not valid command 

Nol SD Memory Card 

CMD8 

Non 
supported 
voltage range 

, ~ c 04 card 1s busy {;' \ , AM 1 ✓ 
', , ,___ ---'~ -t--------

, EAD OCR I to be done m order to ge( the ( 
---------:::--(!'. ____ !)_, supported voltage range of the card 

•-c-M□58--°': ~ Though it IS recommended J Not Mandatory to send CMD58 QJ~ 
card returns busy(1) ~ .,,,,,._:::::;__-------j_ ACMD41('2 ~ 

Host shall issue CMD51}to get 
CMD5B card capacity InformatJ<l.(j,,CCS) 

GetCCS ~ '\._)') 

card-identification mode (\ ( n '\. 
- data-:!sfermode - - - - - - - - - - - - - - - - -v -------

('1) Note: Card returns busy when ~6 
- Card executes internal initialization process. 
- If the card is High capacity SD Memory Card, there are 2 cases p 

1. CMD8 was not issued before ACMD41 
2. ACMD41 is issued with HCS=O 

('2) Note 2 1mm SD Memory Card can be ImllalIzed usmg CMD1 and Thin C\4mlJI) SD emory Card can be mItiallzed using CMD1 only alter 
firstly Imllalized by usmg CMDO and ACMD41 In any of ti).!' cases CMDi--as not recommended because rt may be difficult for the host 
to distinguish between MultIMedIaCard and SD Memory Gard / 

wrong mterpretatIon of CSD and CID registers \ ) 
If the SD card as initialized by CMD1 and the host treat •t(as~MM"C\ rd not-SD (ard, the Data oflhe card may be damaged because of 

Figure 7-1 : SD Mem~ Car -St te Diagram (SPI mode) 

7.2.1 Mode Selection and lnitia/izati~ 
The SD Card is powered up in tht'SE> ~ode. It will enter SPI mode if the CS signal is asserted 
(negative) during the reception of the,es1t command (CMD0). If the card recognizes that the SD mode 
is required it will not respor d to the co,mmand and remain in the SD mode. If SPI mode is required, the 
card will switch to SPI and respond W!!h the SPI mode R1 response. 
The only way to return to t~ISD mode is by entering the power cycle. In SPI mode, the SD Card 
protocol state machine in SD ode is not observed. All the SD Card commands supported in SPI mode 
are always available. \ 
Figure 7-2 showj],e initializatiq_n) sequence of SPI mode. 
SEND_IF _COND (CMOS) is used to verify SD Memory Card interface operating condition. The 
argument for;mat of CMIS>S is the same as defined in SD mode and the response format of CMOS is 
defined ir:i Ser !ion 7.3.2 6. The card checks the validity of operating condition by analyzing the 
argu1ent of CMOS and tme host checks the validity by analyzing the response of CMOS. The supplied 
voltage is indicated by VHS field in the argument. The card assumes the voltage specified in VHS as 
the cixrent ~ ied voltage. Only 1-bit of VHS shall be set to 1 at any given time. Check pattern is 
used for the flos~ to cneck validity of communication between the host and the card. 
If the card indicates an illegal command, the card is legacy and does not support CMOS. If the card 
supports CMDS and can operate on the supplied voltage, the response echoes back the supply voltage 
and the checR pattern that were set in the command argument. 
If VCA in the response is set to 0, the card cannot operate on the supplied voltage. If check pattern is 
not matched, CMOS communication is not valid. In this case, it is recommended to retry CMDS 
sequence. 
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Nol Mandatory to send CMC68: 
Though it is reoorrroended 
to be done in order to get 
Ille supported voltage range 
of the card. or Not SD Memory Card 

Cards with non ~ -

compatible volta~ ~ 
ranger Unusable \ • , - - CMD58 - I 

\_ Card 1 I (READ OCR) I ---•--- ____ , 

Not SD Memory Card I 
Card returns 

'in_id le_state=O' 

,- CMD58 

Compatiflle voltage range 

and ~ k pattern is correct 

l - ~EADOCR : "' 

Unusable 
Card 

wi 

Ver2.DD or later 
Standard Capacity 
SD Memory Card 

r-1 
Cards with non compatible vo ltage range 

Card returns 
'm_,d le_state'=1 

Ver2.DD or later 
H igh Capacity or 

Extended Capacity 
SD Memory Card 

Figu~ 2: SPI Mode Initialization Flow 

READ_OCR (CMD58) is de i: l to provide SD Memory Card hosts with a mechanism to identify 
cards that do not--match the V0 0 range desired by the host. If the host does not accept voltage range, it 
shall not pro~eed with__ further inj tialization sequence. The levels in the OCR register shall be defined 
accordingly! s ee Chapter 5.1 ). 
SD_SEND_OP _COND (ACMD41 ) is used to start initialization and to check if the card has completed 
initialization. It ~ mand~tory to issue CMD8 prior to the first ACMD41 . Receiving of CMD8 expands the 
CMDJ8 and ACNJD41 function; HCS (High Capacity Support) in the argument of ACMD41 and CCS 
(Card1 Capaci~ tatus~ in the response of CMD58. HCS is ignored by the card, which didn't accept 
CMD8. Standard Capacity SD Memory Card ignores HCS. The "in idle state" bit in the R1 response of 
ACMD41 is useg by the card to inform the host if initialization of ACMD41 is completed. Setting this bit 
to "1 " indicates hat the card is still initializing. Setting this bit to "0" indicates completion of initialization. 
The host rJpeatedly issues ACMD41 until this bit is set to "0". The card checks the HCS bit in the OCR 
only at the first ACMD41. While repeating ACMD41 , the host shall not issue another command except 
CMD0. 
After initialization is completed, the host should get CCS information in the response of CMD58. CCS is 
valid when the card accepted CMD8 and after the completion of initialization. CCS=0 means that the 
card is SOSO. CCS=1 means that the card is SDHC or SDXC. 
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7.2.2 Bus Transfer Protection 
Every SD Card command transferred on the bus is protected by CRC bits. In SPI mode, the SD 
Memory Card offers a CRC ON mode which enables systems built with reliable data links to exclude 
the hardware or firmware required for implementing the CRC generation and veriyeation functions. 
In the CRC OFF mode, the CRC bits of the command are defined as 'don't carej fm~the transmitter and 
ignored by the receiver. \ 
The SPI interface is initialized in the CRC OFF mode in default. However\t~e R SET command 
(CMD0) that is used to switch the card to SPI mode, is received by thetcarcf While in "so mode and, 
therefore, shall have a valid CRC field. ~ \ 
Since CMD0 has no arguments, the content of all the fields, including t e CRC field, are constants and 
need not be calculated in run time. A valid reset command is: ~ 

0x40, 0x0, 0x0, 0x0, 0x0,0x95 
After the card is put into SPI mode, CRC check for all commands including CMD0 will be done 
according to CMD59 setting. ~ J'\. 
The host can turn the CRC option on and off using the CRC_pN_OFF\COmmand (CMD59). Host should 
enable CRC verification before issuing ACMD41. \ / /\ 
The CMD8 CRC verification is always enabled. The Host,. s ~II se~..;eorrect CRC in the argument of 
CMD8. If CRC error is detected, card returns CRC error i~ '-:i respi>nse regardless of command index. 

7.2.3 Data Read (c ' 
The SPI mode supports single block read and Multi_ple Bloc read operations (CMD17 or CMD18 in the 
SD Memory Card protocol). Upon reception p f a vali~ ad command the card will respond with a 
response token followed by a data token (Reff li to ~g~re 7-3). In case of Standard Capacity Card, the 
size in the data token is determined by the-block~th set by SET_BLOCKLEN (CMD16). In case of 
SDHC and SDXC Cards, block lengthc ~ d to 512 Bytes regardless of the block length set by 

CMD16. -~ 

~~~------ Q . '- ~~~ data1~~~5~ard Co~:!nd ----

to card~-•-~\~ to host <f 

Dataln · · I 2ommand I· (..__,, · · r---'~--~~ · I command I· 

DataOut · · ·· \'(·· ·· response 

~ Fig\)e 7-3: Single Block Read Operation 

A valid data block ·s suffixed with a 16-bit CRC generated by the standard CCITT polynomial 
x16+x,2+x5+1. \ 
The rryaxfrn'um block length is given by 512 Bytes regardless of READ_BL_LEN, defined in the CSD. If 
partial block access i~ enabled in Standard Capacity Card (i.e. the CSD parameter READ_BL_PARTIAL 
equals UJhe/olock✓ength can be any number between 1 and 512 Bytes. The start address can be any 
byte ad~ s in th~ valid address range of the card. Every block, however, shall be contained in a single 
physical card sedtor. 
If partial block-access is disabled, only 512-Byte data length is supported. 
SDHC and SDXC Cards only support 512-byte block length. The start address shall be aligned to the 
block boundary. 
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In the case of a data retrieval error, the card will not transmit any data. Instead, a special data error 
token will be sent to the host. Figure 7-4 shows a data read operation that terminated with an error 
token rather than a data block. 

from from Clata error !Oken Next 
host--..... care! from care! to host Comma~ 

to care!~-•--~ to host ,,.• , 

Dataln I command I 

DataOut·· 

Figure 7-4: Read Operation - Data Error \ ~ 
In the case of a multiple block read operation every transferred block has its suffix of 16-bit CRC. 
Stop transmission command (CMD12) will actually stop the dat~transfer operation {the same as in SD 
Memory Card operation mode). "'v 

/ ~ 
from 
host ----...._ 

to care! • 

Dataln ... • I command I· 

from 
care! 

to host 
Cla~o~tcarc! r;~ faii!;ns-~ 

~ ( Command ~ 

from 
care! 

to host 

i5 '\ ~ r command I 

response · · · · · data bl+ck CR · · J d~ta blockf Rel ~r-e~s~p_o_n_s_e~ DataOut 

7.2.4 Data Write 

Figure 7-5: Multi~ ~ R~d Operation 

The SPI mode supports single block an mJ!ltiple block write commands. Upon reception of a valid write 
command (CMD24 or CMD25 in the SD\fl@m~rY Card protocol), the card will respond with a response 
token and will wait for a data block; fu be sent--ftom the host. CRC suffix, block length and start address 
restrictions are (with the exception of the"'CSD parameter WRITE_BL_PARTIAL controlling the partial 
block write option and WRITE_BL_l HJ)1dentical to the read operation (Refer to Figure 7-6). 

f.-/ start 

from \ from r .::::: ala from 
host--..__ /care! host 

to care!~-•--~ to host to care! 

Dataln · I command I · · · \ · · · · · · · data block · 

Data 
response anc! 

busy from 
care! 

[ n==CI 
·····~··· 

/'- ~) 
DataOut , .. ·\ response . . data_response busy 

/;::) ,'\J) Figure 7-6: Single Block Write Operation 

Every\dk ta-151ocl<'has a prefix of 'Start Block' token (one byte). 
After a data 61oc~ has been received, the card will respond with a data-response token. If the data block 
has been re~ed without errors, it will be programmed. As long as the card is busy programming, a 
continuous stream of busy tokens will be sent to the host (effectively holding the DataOut line low). 
Once the programming operation is completed, the host should check the results of the programming 
using the SEND_STATUS command (CMD1 3). Some errors (e.g. address out of range, write protect 
violation etc.) are detected during programming only. The only validation check performed on the data 
block, and communicated to the host via the data-response token, is the CRC and general Write Error 
indication. 
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In a Multiple Block write operation, the stop transmission will be done by sending 'Stop Tran' token 
instead of 'Start Block' token at the beginning of the next block. In case of Write Error indication (on the 
data response) the host shall use SEND_NUM_WR_BLOCKS (ACMD22) in order to get the number of 
well written write blocks. The data tokens description is given in Chapter 7 .3.3.2. 

from 
hosi----......_ 

to card • 

Dataln · l_c_o_m_m_a_n_d~I 

DataOut. 

Start 

N 
I 

new command 
from host 

Figure 7-7: Multiple Block~ rite Pr ration) 

While the card is busy, resetting the CS signal will not termiQ~t¥ th~ programming process. The card will 
release the DataOut line (tri-state) and continue with progr;_amming. If the card is reselected before the 
programming is finished, the DataOut line will be forced-back to low and all commands will be rejected. 
Resetting a card (using CMD0 for SD memory card( f ill terminate any pending or active programming 
operation. This may destroy the data formats on the card. ]It is in the responsibility of the host to prevent 
lllisforoccurring. (0 0 

7.2.5 Erase & Write Protect Management ~~ 
The erase and write protect managemen(piocedures in the SPI mode are identical to those of the SD 
mode. While the card is erasing or changiQ_g tfl~ write protection bits of the predefined sector list, it will 
be in a busy state and hold the Da/:Out--J in~ 1 Figure 7-8 illustrates a 'no data' bus transaction with 
and without busy signaling. \ l~') <_/ 

from \ fr<JIJ'Y"'l from from 
host ---...._ cardJ host -----... card 

to card ___ ·-- to host to card • r to host 

Dataln ··I command I · · · · · · ✓ · · · · · · · · · · · I command I · 

DataOUt·· response ... · 1 response I busyl . 

\ Figure 7-8: 'No data' Operations 
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7.2.6 Read CID/CSD Registers 
Unlike the SD Memory Card protocol (where the register contents is sent as a command response), 
reading the contents of the CSD and CID registers in SPI mode is a simple read-block transaction. The 
card will respond with a standard response token (Refer to Figure 7-3) followed by a data block of 16 
bytes suffixed with a 16-bit CRC. 
The data timeout for the CSD command cannot be set to the cards TMC since this value is stored in 
the card's CSD. Therefore, the standard response timeout value (NcR) is used[ fo\ r read latency of the 
CSD register. 

~ \) 
7.2.7 Reset Sequence '\ ( ~ 

The SD Memory Card requires a defined reset sequence. The card enter\5 \an fqle state after power on 
reset or reset command (CMD0 for SD memory card). In this s)ate, the only valid host commands are 
CMD8 (SEND_IF _COND), ACMD41 (SD_SEND_OP _COND)., CMD58 (READ_OCR) and CMD59 
(CRC_ON_OFF). ) 
For the Thick (2.1 mm) SD Memory Card - CMD1 (SEND_OP COND) is~ ~so valid - this means that in 
SPI mode, CMD1 and ACMD41 have the same behaviors, butlhe usage of ACMD41 is preferable since 
it allows easy distinction between an SD Memory Card and a ~ltiMediaCard. For the Thin (1.4 mm) 
Standard Size SD Memory Card, CMD1 (SEND_OP _CON~)/is ap illegal command during the 
initialization that is done after power on. After Poweri>~• ~dnce the card has accepted valid 
ACMD41, it will be able to also accept CMD1 even if use~ fter re-initializing (CMD0) the card. It 
was defined in such way in order to be able to distinguis b& een a Thin SD Memory Card and a 
MultiMediaCard (that supports CMD1 as well). ~ 

7.2.8 Error Conditions ~ 
Unlike the SD Memory Card protocol, in the SPI mode, the card will always respond to a command. 
The response indicates acceptance or rejection of-the command. A command may be rejected in any 
one of the following cases: ( ~ 
- It is sent while the card is in read operation except CMD12 which is legal). 
- It is sent while the card is in BusyQ 'J 
- Card is locked and it is other than alass-o)or 7 commands. 
- It is not supported (illegal opcode 
- CRC check failed. 
- It contains an illegal operar d. 
- It was out of sequence during1an erase sequence. 
Note that in case the host 'sends command while the card sends data in read operation then the 
response with~ comm\) indication may disturb the data transfer. 

7.2.9 Memory Array P rtitioning 
Same as SD mode. ) 

7 .2.1 o@ Lock/Unlock 
Usag~ of card lock ~nd unlock commands in SPI mode is identical to SD mode. In both cases, the 
commartd Is responded to with an R 1 b response type. After the busy signal clears, the host should 
obtain the res.11lt of the operation by issuing a SEND_STATUS command (CMD13). Refer to Chapter 
4.3.7 for details./ 

7.2.11 Application Specific Commands 
Identical to SD mode with the exception of the APP_ CMD status bit (Refer to Table 4-41 ), which is not 
available in SPI. 
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7.2.12 Content Protection Command 
All the special Content Protection ACMDs and security functionality related to the CPRM is the same as 
SD mode. 

7.2.13 Switch Function Command 
Same as for SD mode with two exceptions: r'\. 

• The command is valid under the "not idle state". i 0'" 

7 

.

2

. :::~:i::::e::~: wifuin 8 docks after the end bit of fue 0 esp~ ~ O 

Same as SD mode. ~ ~ 

7.2.15 Speed Class Specification ~ ";:, 
As opposed to SD mode, the card cannot guarantee its Spe~ -Glass. l{1SPI mode, host shall treat the 
card as Class O no matter what Class is indicated in SD S~ 
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7.3 SPI Mode Transaction Packets 

7.3.1 Command Tokens 

7 .3.1.1 Command Format ~ 
All the SD Memory Card commands are 6 bytes long. The command transmiision always starts with 
the left most bit of the bit string corresponding to the command codeword. All<tommaQds are protected 
by a CRC (see Chapter 4.5). The commands and arguments are listed in .,_bJe 7~3. "") 

,,,......__ 

Bit position 47 46 [45:40) [39:8) I [7:1) 1· o I 

Width (bits) 1 1 6 32A ~'\ \ 7__ I 1 

Value 'O' '1' X X V"" X '1' 
Description start bit transmission bit command index argu_m,en! 1,CRC7 end bit 

Table 7-1: Command Fo((at v 
7 .3.1.2 Command Classes t! 
As in SD mode, the SPI commands are divided into sever~I c as es (See Table 7-2). Each class sup­
ports a set of card functions. A SD Memory Card will ~ ort thE\same set of optional command classes 
in both communication modes (there is only one c6m~and class table in the CSD register). The 
available command classes, and the supported command for a specific class, however, are different in 
the SD Memory Card and the SPI communicationmode. J 

Note that except for the classes that are not ~upported in SPI mode (class 1, 3 and 9), the mandatory 
required classes for the SD mode are the same for thr SPI mode. 
CMD58/59 in SD mode are different from(~ SBI mode. 

Card Command Class 
0 1 2 3 4 5 6 7 8 9 10 11 (CCC) 

write appli-

Supported class block block lock cat- 1/0 
basic 

reser reser erase pro- ion switch reser 
commands description ved read ved write tee- card mode ved 

tion spe-
cific 

CMD0 Mandatory \ ( ~ 

+ 

CMD1 Mandatory + \\ 
CMD5 Optional '\. V + 
CMD6:.1 Mandatory + 

CMD83 ~ Mar:idatory \+ 

CMD9 ( / MandaJdcy )+ 
CMD1d1 \_ ManaaJoryv + 

CMD12 Mand~tory + 

CMD13 "'1and~tory + 

CMD16 Maodatory + + + 

CMD17 Mandatory + 

CMD18 Mandatory + 

CMD24 Mandatory1 + 

CMD25 Mandatory1 + 
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Card Command Class 
0 1 2 3 4 5 6 7 8 9 10 (CCC) 

write appli-

Supported class reser block reser block erase pro- lock 
cat-

1/0 
commands description basic ved read ved write tee- card ion mode switch 

tion spe-
cific 

CMD27 Mandatory1 + (~ 
CMD28 Optional + \ 
CMD29 Optional + ~ 
CMD30 Optional +I I c- \ 

CMD32 Mandatory1 + /\. \ \_ ) ) 
CMD33 Mandatory1 + \"'-.._- ___,, 

CMD34-372 Optional < \"' + 

CMD38 Mandatory1 + ~ nV 
CMD424 (Note 4) /' + '· 

7 

CMD502 Optional \ , 
A \ I I\ + 

CMD52 Optional \ \V + 

CMD53 Optional / ~ + 

CMD55 Mandatory I t ..... I\ I\). + 

CMD56 Mandatory \ \ ) ) + -
CMD5i'1 Optional (, ''\\ ~ + 

CMD58 Mandatory + \ \ \\ 
CMD59 Mandatory + r') \ VJ 
ACMD13 Mandatory ( ~ -.......d'' + 

ACMD22 Mandatory1 
,,..--...,_ 1/'l + 

ACMD23 Mandatory1 
( r" - I"-"~ + 

ACMD41 Mandatory \ \/ ,/"'\ + 

ACMD42 Mandatory 
~ 

- _rJ + 

ACMD51 Mandatory + 
~ 

Note (1): The commands related wnte and erase are mandatory only for the Writable types of Cards. 
Note (2): This command wa's defined in spec version 1.10 
Note (3): This__command is newly defined in version 2.00 
Note (4): This com~and is optional in Version 1.01 and 1.10 and mandatory from Version 2.00 

/'- \ Tabl~ 7-2: Command Classes in SPI Mode 

~ 
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7.3.1.3 Detailed Command Description 
The following table provides a detailed description of the SPI bus commands. The responses are 
defined in Chapter 7.3.2. Table 7-3 lists all SD Memory Card commands. A "yes" in the SPI mode 
column indicates that the command is supported in SPI mode. With these restrictions, the command 
class description in the CSD is still valid. If a command does not require an argument, the value of this 
field should be set to zero. The reserved commands are reserved in SD mode as r el I. 
The binary code of a command is defined by the mnemonic symbol. As an example, the content of the 
command index field is (binary) '000000' for CMD0 and '100111' for CMD39. ~ \ 
The card shall ignore stuff bits and reserved bits in an argument. \ ) 

/~ 
CMD SPI Argument Resp Abbreviation \ Cornman~ Description INDEX Mode 

CMD0 Yes [31 :0] stuff bits R1 GO_IDLE_STATE Reset~ne SQ -fy'lemory Card 

CMD1 Yes' [31]Reserved bit R1 SEND_OP - Sent1s ho~ capacity support 
[30]HCS COND informati9n and activates the card's 
[29:0]Reserved 

00-(~ 
irtitializ~io~ process. 

bits HCS is effective when card receives 
SEND--. IF COND command. 
Re~erved -bits shall be set to '0'. 

CMD2 No /) '\. 
CMD3 No ( (' (\ \ l 
CMD4 No 

. ' ) ) ,,,,--....__ 

CMOS Reserved for 1/0 Mode (refer to the "SDIO Card Specification") 

CMD68 Yes [31] Mode R1 SW TCH 1FUNC Checks switchable function (mode 0) 
0:Check function 

~ 
('::::) and switches card function (mode 1 ). 

1 :Switch function See Chapter 4.3.10. 
[30:24] reserved e) (All 'O') :~ --:; 
[23:20] reserved /""'\ for funct ion grou 

0 6 (All '0' or 0xF) 
[19: 16] reserved 
for functi6n group ~ 
5 (All '0' or 0xF) 

f 
[15: 12] rese~ ed 
fot~unction group 
4'(A I '0' or 0xF) 
[11 :SJ reserved 

~ 
for funetion group 

:) 3 (All •~ or OxF) 

~ 
[~:4] f nction 
g oup 2 for 

;J command system 
[3:0] function 
;group 1 for access 
mode 

CMD7 No 
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CMD SPI 
Argument Resp Abbreviation Command Description 

INDEX Mode 

CMD89 Yes [31 : 12]Reserved R7 SEND_IF _COND Sends SD Memory Card interface 
bits condition that includes host supply 
[11 :8]supply voltage information and asks the 
voltage(VHS) accessed card whether card can 
[7:0]check pattern operate in supplied voltage range. 

Reserved bits~ all b~ s~t to '0'. 
CMD9 Yes [31 :0] stuff bits R1 SEND_CSD Asks the seJec~ d card 

car-d-specif~c data {OSD) 
to send its 

CMD10 Yes [31 :0] stuff bits R1 SEND_CID Asks thdf selecfef card to send its 
card iden ificati9n CID) 

CMD11 No V \ 
CMD12 Yes [31 :0] stuff bits R1b5 STOP_ Forces th'e card to stop transmission 

TRANSMISSION in Multiple"-~lock Read Operation 

CMD13 Yes [31 :0] stuff bits R2 SEND_STATU\ S f.sks the selected card to send its sta-
tus\ register. 

CMD14 reserved \ \ ' -

CMD15 No ~-' " h 

CMD16 Yes [31 :0] block length R1 SET BlOCKL6 N In case of SDSC Card, block length is 

- ~ 
set by this command. 
In case of SDHC and SDXC Cards, 

?©J block length of the memory access 
commands are fixed to 512 bytes. 

(c The length of LOCK_UNLOCK 
command is set by this command 

~ regardless of card capacity. 

CMD17 Yes [31 :0] data (i R1 REfoiD_SINGLE_ Reads a block of the size selected by 
address10 /""'\ BLOCK the SET _BLOCKLEN command.3 

CMD18 Yes [31 :0] data \.. ~ READ_MULTIPL Continuously transfers data blocks 
address 0 " E_BLOCK from card to host until interrupted by a 

,/ STOP_ TRANSMISSION command. 

CMD19 reserved 

CMD20 No _j-...,__ \\ 
CMD21 ... v 
CMD23 reserved 

CMD24 Yes [31 :O] data R1 WRITE_BLOCK Writes a block of the size selected by 
~ a_.ddress, 10 the SET_BLOCKLEN command.4 

,,.. 

CMD25\ l y~ [31:0] data R1 WRITE_MULTIPL Continuously writes blocks of data 
address10 E_BLOCK until 'Stop Tran' token is sent (instead 

~ 'Start Block'). 

CMD26 NoJ 

CMD27 Yes [31 :0] stuff bits R1 PROGRAM_CSD Programming of the programmable 
bits of the CSD. 
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CMD SPI 
Argument Resp Abbreviation Command Description 

INDEX Mode 

CMD28 Yes [31 :0] data R1b5 SET_WRITE_ If the card has write protection tea-
address PROT tures, this command sets the write 

protection bit of the addressed group. 
The properties of write protection are 
coded in the ca~d specific data 
(WP _GRP _SIZE). 
SDHC and SDxc\c ards do not 
support thiscomma~d. 

CMD29 Yes [31 :0] data R1b5 CLR_WRITE_ If the ca1r~ has write protection tea-
address PROT tures, t~~ com~and clears the write 

p r:._otectio~bit of the addressed group. 
'sDHC and SDXC Cards do not 
sypport thi~ command. 

CMD30 Yes [31 :0] write protect R1 SEND_WRITEC l f the'tard has write protection tea-
data address PROT ) fures, this1command asks the card to 

se'~d'1:he status of the write protection 

~~I bits., SDHC and SDXC Cards do not 
support this command. 

CMD31 reserved I 

CMD32 Yes [31 :0] data R1 ERASE\ ~ B~ Sets the address of the first write 
address10 K_STA~T- DD

1
R block to be erased. 

CMD33 Yes [31 :0] data R1 ~ SE WR BL Sets the address of the last write 
address10 

'\ Dj')DDR block of the continuous range to be 
/ erased. 

CMD34-378 Reserved for each command system set by switch function command (CMDG). 
Refer to each command system specification for more detail. 

( R1b5 ./ 

CMD38 Yes [31 :0] stuff bits s.,RASE Erases all previously selected write 
/"'., blocks 

CMD39 No 
\ " "" 'rJ' 

CMD40 No \ \) ~ -

CMD41 Reserved 
. ~ 

CMD42 Yes .Q1:0J Rese3 ed R1 LOCK_UNLOCK Used to SeUReset the Password or 
/ bits (Set all 0) lock/unlock the card. A transferred 

~ 
~ data block includes all the command 

0) 
details - refer to Chapter 4.3.7. The 

(c 
size of the Data Block is defined with 
SET _BLOCK_LEN command. 
Reserved bits in the argument and in 

~ Lock Card Data Structure shall be set to 
~ \ 0. 

CMD43-49 rese!>'ed 
CMD51 

CMD508 Reserved for each command system set by switch function command (CMDG). 
Refer to each command system specification for more detail. 

CMD52-54 Reserved for 1/0 Mode (refer to the "SDIO Card Specification") 
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CMD SPI 
Argument Resp Abbreviation Command Description 

INDEX Mode 

CMD55 Yes [31 :0] stuff bits R1 APP_CMD Defines to the card that the next com-
mand is an application specific com-
mand rather than a standard 
command ~ 

CMD56 Yes [31 : 1] stuff bits. R1 GEN_CMD Used either to transfe'r a Data Block to 
[0]: RD/WR7 the card or to get a Data Block from 

the card for genera\ \. 
purpose/application specific 
comman~s1

• In c~\ e of Standard 
Capaci~D Memory Card, the size of 
1he ?-a~ '1o~ ~s9all be defined with 
'sET '--Bt.:OCK_L:EN command. In case 
of SDHC and SDXC Cards, block 
length\;!,t~is command is fixed to 

\ ~12-byte. 
CMD571l Reserved for each command system set by switch fLnctipn command (CMD6). 

Refer to each command system specification for more detail. 

CMD58 Yes [31 :0] stuff bits R3 READ OCR Reads the OCR register of a card. -r r- CCS bit is assigned to OCR[30]. 

CMD59 Yes [31 : 1] stuff bits R1 CRC_dNi O' ) Turns the CRC option on or off. A '1' in 
[0:0] CRC option ~N the CRC option bit will tum the option 

on, a '0' will turn it off 

CMD60-63 Reserved For Manufacturer \\ l ' ', '-.._/ J 
1. CMD1 is valid command for the Thin (1.4 m) Star!' ard Size SD Memory Card only if used after re-initializing a card 

(not after power on reset). 
2. The default block length is as specifi d in the CSD. 
3. The data transferred shal~ t cross(a elJysicar'block boundary unless READ_BLK_MISALIGN is set in the CSD. 
4. The data transferred sh~ not cross a ghysic:al block boundary unless WRITE_BLK_MISALIGN is set in the CSD. 
5. R1 b: R1 response with an~optional.~ailing·busy signal 
6. 32 write protection bits {repr7'.entir-i!f32,,.write protect groups starting at the specified address) followed 

by 16 CRC bits are transf~rred irf'a payload format via the data line. The last (least significant) bit of the 
protection bits corresponds t~ the first addressed group. If the addresses of the last groups are outside 
the valid range, then the corre~ponding write protection bits shall be set to zero 

7. RDNVR_: " -i;...the Host shall 9e-t a block of data from the card. 
"O" the host sends block of data to the card. 

8. This command was added in spec version 1.10 
9. This command is added in spec version 2.00 

10. SDSC Card (CC =O) uses byte unit address and SDHC and SDXC Cards (CCS=1) use block unit address (512 
byteWnit). 

~ V Table 7-3: Commands and Arguments 
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The following table describes all the application specific commands supported/reserved by the SD 
Memory Card. All the following commands shall be preceded with APP _CMD (CMD55). 

CMD SPI Argument Resp Abbreviation Command Description 
INDEX Mode 

ACMDG No ~ 

ACMD13 yes [31 :0] stuff bits R2 SD_STATUS Send the SD S\atos. 'The status 
fields are given i~ Table-1-43 

ACMD17 reserved 

ACMD18 yes -- -- -- ~servep for'SD security 
appli~tiqns1 '\ 

ACMD19- reserved < 'J 
ACMD21 

F 

ACMD22 yes [31 :0] stuff bits R1 SEND_NUM_WR_ Send~eL ~ m bers of the well written 
BLOCKS /' (~ itho t,erirors) blocks. Responds 

r twitq 32-bit+CRC data block. 

ACMD23 yes [31 :23] stuff bits R1 SET _wR_:BLK_ ( s;t the number of write blocks to be 
[22:0]Number of ERASE_COUNT pre-erased before writing (to be used 
blocks (;)A for faster Multiple Block W R com-

mand). "1"=default (one wr blockfl_ 

ACMD24 reserved \\ \ 
ACMD25 yes -- -- --~~ Reserved for SD security 

applications 1 

ACMD26 yes -- -- -s \ \j} Reserved for SD security 
/ applications 1 

ACMD38 yes -- .~~ (l) Reserved for SD security 
applications 1 

ACMD39 - reserved ~ 
ACMD40 v---
ACMD41 Yes [31 ]Res'ervectbit R'fJ' SD_SEND_OP_ Sends host capacity support 

[30]HCS ) COND information and activates the card's 
[29:0]Reserved ') initialization process. Reserved bits 
bits \ ( shall be set to '0' 

ACMD42 yes,,,- i 31 :1] stuff b·ts R1 SET_CLR_CARD_ Connect[1 ]/Disconnect[0] the 50 

ti [0]set_cd DETECT KOhm pull-up resistor on CS (pin 1) 

\\ 
of the card. The pull-up may be used 
for card detection. 

ACMD43- yes ~ )), -- -- Reserved for SD security 
ACMD49( applications 1 

ACMD51\__ yes If 1 :0] stuff bits R1 SEND_SCR Reads the SD Configuration 

~ Register (SCR). 
(1) Refer to the "P~Secunty Spec1ficat1on" for detailed explanation about the SD Security Features 
(2) Stop Tran Token shall be used to stop the transmission in Write Multiple Block whether the pre-erase (ACMD23) feature 

is used or not. 

Table 7-4: Application Specific Commands used/reserved by SD Memory Card - SPI Mode 
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7.3.1.4 Card Operation for CMD8 in SPI mode 
In SPI mode, the card always returns response. Table 7-5 shows the card operation for CMD8. 

Command Argument Check Response of Card *1 
Index Reserved VHS Pattern CRC R1 Reserved VCA Pattern 

=8 Don't Care Don't Care Don't Care Error 09h (R1~ nly) 
Not 8 Don't Care Don't Care Don't Care Don't Care Depends on corr{mand index 

=8 Don't Care Mismatch *2 Don't Care Correct 01h o \ o Echo Back 

=8 Don't Care Match *2 Don't Care Correct 01h o ,/-......__ Echo Back Echo Back 
*1 : Response indicates the actual response that the card returns. (It does not include errors r uring'transfer response.) 
*2: 'Match' means AND of following condition a) and b). 'Mismatch' is other cases. \/ \ \ ~ 

a) Only 1 bit is set to '1' in VHS. (\_ \ / 
b) The card supports the host supply voltage. /\_ .~ \: 

Table 7-5: Card Operation for CMD8 in SPI Mode 

0 
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7.3.2 Responses 
There are several types of response tokens. As in SD mode, all are transmitted MSB first. 
Multiple bytes responses are defined in SPI mode but the card outputs only first byte ( equivalent to R 1) 
when Illegal Command Error or Command CRC Error is indicated in it. In this case, host never reads as 
the multiple bytes of response. 

7.3.2.1 Format R1 de\_ 
This response token is sent by the card after every command with the exception of\?END_STATUS 
commands. It is one byte long, and the MSB is always set to zero. The other bits are error indications, 
an error being signaled by a 1. The structure of the R1 format is given in ~igure\ -9. The meaning of the 
flags is defined as following: ~ \ ) 
• In idle state: The card is in idle state and running the initializing pro0e~\_ 
• Erase reset: An erase sequence was cleared before executing beca'use an out of erase sequence 

command was received. ~ 
• Illegal command: An illegal command code was detected. ~ '\ 
• Communication CRC error: The CRC check of the last command failed! 
• Erase sequence error: An error in the sequence of erase 5 n1ma~s occurred. 
• Address error: A misaligned address that did not match the ~IOCf length was used in the command. 
• Parameter error: The command's argument (e.g. address, block length) was outside the allowed 

range for tllis card. (r 
1:1 I I I I I 1~ \_))'v 

I {h :)in idle state 
ll__L____:'. erase reset 

illegal command 
\ ✓ ~ \ com ere error 
~ ) erase sequence error 

/""") (_; address error 
\_/2 parameter error 

, ~gur~9: R1 Response Format 

\/ 
7.3.2.2 Format R1b / 
This response token is identi l~o the R1 format with the optional addition of the busy signal. The busy 
signal token can-b~ any numb~r of bytes. A zero value indicates card is busy. A non-zero value 
indicates the card is ready for th~)next command. 
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7 .3.2.3 Format R2 
This response token is two bytes long and sent as a response to the SEND_STATUS command. The 
format is given in Figure 7-10. 

1. Byte 2. Byte 
7 0 7 0 

lol I 11111111111111 ~ 
I I ~ Card is locked l 0..' g:~; ::{ locij: failed 

~------ wp violafion ~ 
erase param 
out of rang{ j c d---9ve1w rite 
in idle(sta}e ) 
erase reset/') 

~!:~r c{;and 

erase ~ ence enor 
~-----------------'- ddi9ss enor 

arameter enor 
I 

Figure 7-10: \ Response Format 

The first byte is identical to the respon~ . Tne-lntent of the second byte is described in the fol-
lowing: \ ~ 
• Erase param: An invalid selection for e@ e;-sectors or groups. 
• Write protect violation: The co~ d tried1o write a write-protected block. 
• Card ECC failed: Card ~ emal EGC/4tas)applied but failed to correct the data. 
• CC error: Internal card\cont~ er'erro() 
• Error: A general or an unKnown errofoccurred during the operation. 
• Write protect erase skip I lock/unlocit' command failed: This status bit has two functions over­

loaded. It is set when the qosyattempts to erase a write-protected sector or makes a sequence or 
password errors during car'd lock/unlock operation. 

• Card is loc~ when thv rd is locked by the user. Reset when it is unlocked. 
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7 .3.2.4 Format R3 
This response token is sent by the card when a READ_OCR command is received. The response 
length is 5 bytes (see Figure 7-11). The structure of the first (MSB) byte is identical to response type 
R1. The other four bytes contain the OCR register. 

39 3231 0 

Io I I I I I I I I 

Rl OCR \' 
Figure 7-11: R3 Response Format 

(\_/< 
Those response formats are reserved for 1/0 mode (refer to the "SDIO~ _jd Specification"). 

(\ ~ 

7.3.2.5 Formats R4 & R5 

7 .3.2.6 Format R7 
1 fJ. / 

This response token is sent by the card when a SEND IF _C(?ND) command (CMD8) is received. The 
response length is 5 bytes. The structure of the first (M~ byte is identical to response type R1. The 
other four bytes contain the card operating voltage/ information a'nd echo back of check pattern in 
argument and are specified by the same definition at R7 rj ponse in SD mode. (Refer to Section 4.9). 

39 32 31 28 27 c::>, \ , 11 8 7 9 
I O I I I I I I I I ] { (\ ls_J I 'eche> back' I 

I 
Gk~\__) I ~I check pattern 

. voltage accepted 

Q reserved bits 
..__,~....,,...~-=-...,..e____,,.../ ____________ command version 

~ igure 1.12: R7 Response Format 

R1 
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7.3.3 Control Tokens 
Data block transfer is controlled by some tokens. 

7.3.3.1 Data Response Token 
Every data block written to the card will be acknowledged by a data response to eQ. It is one byte long 
and has the following format: "\ 

7 6 5 4 3 2 1 0 

I xi xi xi ol Statusl 11 ij 
The meaning of the status bits is defined as follows: \/~\j 

'010' - Data accepted. ~ 
'101' - Data rejected due to a CRC error. 
'110' - Data Rejected due to a Write Error 

In case of any error (CRC or Write Error) during Write Multiple -Sloe~ op/ration, the host shall stop the 
data transmission using CMD12. In case of a Write Er'ror (rrsponse '110'), the host may send CMD13 
(SEND_STATUS) in order to get the cause of the write problem. ACMD22 can be used to find the 
number of well written write blocks. ,', \3/ 

7.3.3.2 Start Block Tokens and Stop Tran Toke"i (. (' 
Read and write commands have data transfers asf ociated with them. Data is being transmitted or 
received via data tokens. All data bytes are transmitted MSB first. 
Data tokens are 4 to 515 bytes long and have fhe--following--fbrmat: 
For Single Block Read, Single Block Write and Multiple Block Read: 

• First byte: Start Block /'). v 
7 6,,/2 4 3 2 1 0 

~ ~ 1,1,1,lol 
• Bytes 2-513 (depends on the data !>lgck length): User data 
• Last two bytes: 16 bit CRC. 1 -

For Multiple Block Write opera 10n: ) 
• First byte of each block: \ ~ 

If data is f ~ nsferred~ n - sta; :lot :o;e; 
1 0 

~) l1l1l1l1l1l1lolol 

I S~ Jransmission is requested - Stop Tran Token 

\ 7 6 5 4 3 2 1 0 

J l 1l 1l 1l 1l 1l 1l0l 1I 
Note that this format is used only for Multiple Block Write. In case of a Multiple Block Read the stop 
transmission is performed using STOP_ TRAN Command (CMD12). 
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7.3.3.3 Data Error Token 
If a read operation fails and the card cannot provide the required data, it will send a data error token 
instead. This token is one byte long and has the following format: 

7 0 

Io Io Io I ol I I I I 
I I I mo, CC Elrnr 

Card ECC Failed 
out of range (N 

Figure 7-13: Data Error Tok~ \ (\ QJ 
The 4 least significant bits (LSB) are the same error bits as in re~o se format R2. 

7.3.4 Clearing Status Bits (\ 'a' \1) 
As described in the previous paragraphs, in SPI mode1/st~ur l:Jits are reported to the host in three 
different formats: response R1 , response R2, and data error;. to~en)(Jhe same bits may exist in multiple 
response types - e.g. Card ECC failed) "-..__/ 
As in the SD mode, error bits are cleared when read ~ the host, regardless of the response format. 
State indicators are either cleared by reading or are tleared i~ actordance with the card state. 
The following table summarizes the set and clear co~dition~ for the various status bits· 

~ j 

Included 
Clear 

Identifier Type' Value Description Condi 
in resp tion2 

Out of range R2 ERX '0'=\.nO errr The command argument was out C 
DataErr / ~ •= erto9 of the allowed range for this card. 

Address error R1 R2 E RfX '0'= no error A misaligned address which did not C 

~ ' --'1'= error match the block length was used in 
;J) the command. 

Erase sequence R1 R2 E R '0'= no error An error in the sequence of erase C 
error '---1'= error commands occurred. 
Erase param R2 \ E X '0'= no error An error in the parameters of the C 

,,,--.. \\ '1'= error erase command sequence 

Parameter error/ R\R2 E/ RX '0'= no error An error in the parameters of the C 
'1'= error command 

WP violation 
R2)) 

ERX '0'= not protected Attempt to program a write pro- C 
~ '1 '= protected tected block. 

Com \ter~ 'R1y 2 ER '0'= no error The CRC check of the command C 
'1'= error failed. 

Illegal command) R1 R2 ER '0'= no error Command not legal for the card C 
'1'= error state 

Card ECC failed R2 EX '0'= success Card internal ECC was applied but C 
DataEr '1 '= failure failed to correct the data. 

CC error R2 ERX '0'= no error Internal card controller error C 
dataEr '1'= error 
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Included 
Clear 

Identifier Type' Value Description Condi in resp tion2 

Error R2 ERX '0'= no error A general or an unknown error C 
dataEr '1'= error occurred during the operation. 

CSD_OVERWRITE R2 ERX '0'= no error Can be either of the to( owing C 
'1'= error errors: 

- The read only sectiG'ln oft e CSD 
does not match the card content. 
- An attempt to reverse the copy 
(set as original)1 cir pe~manent WP 
(unprotected) bits was made. 

WP erase skip R2 sx '0'= not protected Only partial\ addr~s space was C 
'1 '= protected erased due to existing write pro-

tected blqck?· ~ 

Lock/Unlock cmd R2 X '0'= no error Sequence ' or password errors dur- C 
failed '1'= error ing card,lock/tmlock operation. 

Card is locked R2 sx '0' = card is not ~d \ jcked by a user password. A 
locked ~:::; '1' = card is (r locked 

Erase reset R1 R2 SR :~::::((\\ AnJ erase sequence was cleared C 
tiefore executing because an out of 
erase sequence command was 
received 

In Idle state R1 R2 SR 0 ='Card is ready The card enters the idle state after A 
1 E Care ·sin idle power up or reset command. It will 
st te exit this state and become ready 

(r ) upon completion of its initialization 

/"°"\ procedures. 

"' Table)Y) SPI Mode Status Bits 

1)Type: ~"',~~ 
E: Error bit. \ V 
S: State bit. 
R: Detected and-se~ or the actua( command response. 
X: Detected;md-set during command execution. The host can get the status by issuing a command 
with R1 response. 

2) Clear Condilio~: J) 
A: A~f,ing to the ~er;it state of the card. 
C: Clear by read / 

\ ~ \· 
7.4 Card ~ t~rs 

In SPI mo~nly the RCA register is not accessible. Formats of other registers are identical to the 
formats in the SD mode. 
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7.5 SPI Bus Timing Diagrams 
This section is a blank in the Simplified Specification. 

7.6 SPI Electrical Interface 
The electrical interface is identical to SD mode with the exception of the programmable card output 
drivers' option, which is not supported in SPI mode. 

7.7 SPI Bus Operating Conditions 
Bus operating conditions are identical to SD mode \) ~ 

7.8 Bus Timing " \~ 
1 

Bus timing is identical to SD mode. The timing of the CS signal 1s the sam as any other card input. 

~v 
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8. Sections Effective to SD 1/F Mode and UHS-11 Mode 

Table 8-1 shows the relation of Sections in this document that is effective to Legacy SD 1/F mode and 
UHS-11 mode. 

Section Title ,,,--SD 1/F UHS-11 

1. General Description I ( Yes Yes 
2. System Features \ Yes Yes 
3. SD Memory Card System Concept ~ Yes Yes 
3.1 Read-Write Property \ I (r \ Yes Yes 
3.2 Supply Voltage ~A\\. } Yes Yes 
3.3 Card Capacity "'-- Yes Yes 
3.3.1 User Area and Protected Area < \ Yes Yes 
3.3.2 Card Capacity Classification ' /\_'\.. Yes Yes -
3.4 Speed Class /\. I- ) Yes Yes 
3.5 Bus Topology V \ ~ I\ Yes Yes 
3.5.1 SD Bus /()t-1 Yes 
3.5.2 SPI Bus ,,,----.....,_ \\___ .I Yes 
3.5.3 UHS-11 Bus ( r,E, Yes 
3.6 Bus Protocol \ \ \ \ Yes 
3.6.1 SD Bus Protocol ~ \_ '-.J )' Yes 
3.6.2 SP I Bus Protocol (0 '-..,,I/ Yes 
3.6.3 UHS-11 Bus Protocol \ ) \ Yes 
3.7 SD Memory Card-Pins and' RegJSte/-s Yes Yes 
3.7.1 SD Bus Pin Assignment ✓ ~ Yes 
3.7.2 UHS-11 Pin AssiQnrr;ient '-:- ) ). Yes 
3.8 ROM Card rr~"--../ Yes Yes 
3.9 Ultra HiQh Speed Pbase'>I (UHS-1) Card Yes 
3.10 Ultra High 'speed Ph~se II (UHS-II) Card Yes 
4. SD MemorACard Functional Description Yes Yes 
4.1 General \ Yes Yes 
4.2 Card ldentificaJi0n Mode Yes Yes 
4.2.1 Card Reset \\ Yes Yes 
4.2.2 Operating Condition Validation Yes 
4.2.3 Card Initialization and Identification Process Yes 
4.2.3.1~ IAjtializatidn Command (ACMD41) Yes Yes 
4.2.41 I Bus Si,gnal Voltage Switch Sequence Yes 
4.3 \ \__ Data Transfer Mode Yes 
4.3.1 ~ Wide Bus Selection/Deselection Yes 
4.3.2 -2,GByte Card Yes 
4.3.3 Data Read Yes Yes 
4.3.4 Data Write Yes Yes 
4.3.5 Erase Yes Yes 
4.3.6 Write Protect ManaQement Yes 
4.3.7 Card Lock/Unlock Operation Yes Yes 
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4.3.7.4 Relation Between ACMD6 and Lock/Unlock State Yes 
4.3.7.5 Commands Accepted for Locked Card Yes Yes 
4.3.7.6 Two Types of Lock/Unlock Card Yes Yes 
4.3.8 Content Protection Yes Yes 
4.3.9 Application-Specific Commands Yes 
4.3.10 Switch Function Command ~Yes Yes 
4.3.11 High-Speed Mode (25 MB/sec interface speed) , I Yes 
4.3.12 Command System Yes,_ Yes 
4.3.13 Send Interface Condition Command (CMD8) Yes Yes 
4.3.14 Command Functional Difference in Card Capacity Tip~s Yes Yes 
4.4 Clock Control A_\ Yes 
4.5 Cyclic Redundancy Code (CRC) <v 

"""" 
- Yes Yes 

4.6 Error Conditions Yes Yes 
4.6.1 CRC and Illegal Command ,,,,,........__ \"- Yes 
4.6.2 Read, Write and Erase Timeout Conditiolils 7 \. \.._ J Yes Yes 
4.7 Commands \ A "-- Yes Yes 
4.7.1 Command Types \\. lUt-1 Yes Yes 
4.7.2 Command Format ~ \. "'--/ Yes Yes 
4.7.3 Command Classes (,... "'-> Yes Yes 
4.7.4 Detailed Command Description \\ ) \ Yes Yes 
4.7.5 Difference of SD Commands Defin1tip'n~in UHS-11 Yes 
4.8 Card State Transition Table ( ( - Yes Yes 
4.9 Responses ---- \ ) ) Yes Yes 
4.10 Two Status Information of SD ~mcirv Card Yes Yes 
4.11 Memory Array Partitioning /"'S \ Yes Yes 
4.12 Timings r-> '-...,/ ~ ). Yes 
4.13 Speed Class Sped,ification '-----4- Yes Yes 
4.14 Erase Timeout_ Calculation Yes Yes 
4.15 Set Block Count Gpmm~ r;id Yes 
5. Card Regisfers Yes Yes 
5.1 OCR register\ Yes Yes 
5.2 Cl.D register \ Yes Yes 
5.3 CSD Register \ ) Yes Yes 
5.3.1 e sD STRUCTURE Yes Yes 
5.3.2 CSD Register (CSD Version 1.0) Yes 
5.3.3 OSD Register (CSD Version 2.0) Yes Yes 
5.4 ( ( RCA register Yes Yes 
5.5 \~ P~SR re!;)ister (Optional) Yes Yes 
5.6 '--"" SOR register Yes Yes 
5.7 Eunction Extension Specification Yes Yes 
5.8 Application Specification on Function Extension Yes Yes 
6. SD Memory Card Hardware Interface Yes 
6.1 Hot Insertion and Removal Yes 
6.2 Card Detection (Insertion/Removal) Yes 
6.3 Power Protection (Insertion/Removal) Yes Yes 

177 



©Copyright 2001-2013 SD Group (Panasonic, SanDisk, Toshiba) and SD Card Association 
Physical Layer Simplified Specification Version 4.10 

6.4.1 Power Up Sequence for SD Bus Interface Yes 
6.4.2 Power Up Sequence for UHS-II Interface Yes 
6.5 Programmable Card Output Driver (3.3V Single End) Yes 
6.6 Bus OperatinQ Conditions for 3.3V SiQnalinQ Yes 
6.6.1 Threshold Level for High Voltage Range Yes Yes 
6.6.2 Peak VoltaQe and LeakaQe Current ~Yes 
6.6.3 Current Consumption , I Yes Yes 
6.6.4 Bus signal line load Yes,_ 
6.6.5 Bus SiQnal Levels A /_ Yes 
6.6.6 Bus Timing (Default) 

( I Yes I 
6.6.7 Bus TiminQ (HiQh-Speed Mode) A_\ Yes 
6.7 Driver Strength and Bus Timing for 1.8V Sign'aJing'\ '\ - Yes 
6.8 Electrical Static Discharge (ESD) Requirement Yes Yes 
7. SPI Mode ,,,,,.--...__ \"- Yes 
8. Sections Effective to SD I/F Mode and Ul-'IS-11 Mode Yes Yes 
A.1 Related Documentation \ I\ Yes Yes 
B.1 TerminoloQy \'\. lUt-1 Yes Yes 
B.2 Abbreviations ~ '\. "'--/ Yes Yes 
D.1 UHS-1 TuninQ Procedure (,... '\) Yes 
C.1 Internal Clock Delay Method \\ ) \ -. Yes 
E.1 Decoupling Capacitor Connectea to Poirer Line Yes Yes 
E.2 DecouplinQ Capacitors ( ( - Yes Yes 

\ ) 
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Appendix A {Normative): Reference 
A.1 Related Documentation 

• Part 1 UHS-11 Addendum Version 1.00 or later 
• Part 1 Standard Size SD Card Mechanical Addendum Version 4.00 or later 
• Part 1 miniSD Memory Card Addendum Version 2.01 
• Part 1 microSD Memory Card Addendum Version 4.00 or later 
• Part 2 File System Specification Version 3.00 
• Part 3 Security Specification Version 3.00 I\. 
• Part H2 Host Implementation Guideline Version 1.00 V 

~ 
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8.1 

Appendix B (Normative): Special Terms 
Terminology 

block 
broadcast 
Blocklen 
Distributed 

Extension Register 

Extension 
Space 

Flash 

Register 

Fixed Data Window 

group 
Lumped 

open-drain 

payload 
push-pull 

sector 
Speed Class 
Speed Grade 
stuff bit 

three-state driver 

token 
Tuning 
Variable Data Window 

~ 

A number of bytes, basic data transfer unit 
A command sent to all cards on the SD bus ~ 
Block Length set by CMD16 /..r. .. · 
A signal path between host and card which has a distributed system 
effects. As described in transmission line theory. 
Register defined by a Function Specification in Ex ension Register 
Space. I\ ( 
Register Spaces accessible by CMD48/49/5~Y59 ith 17-bit ADDR 
and FNO. There are two types ofr spa~s. m.emory) space and 1/0 
space. \ V \ "'-.. / 
A type of multiple time programmabl~non-volatile memory 
Th~r~ is an overlapped area of alid_ data)'Window for all delay 
variation. '\ / 
A number of sectors, composite erask and write protect unit 
A signal path between host antj 1tard which is considerably small 
compared to the signal rise time. It 1s 1cdn'¥idered as "lumped" system 
A logical interface operatiorh,mode. An external resistor or current 
source is used to pull tne inte~ ce level to HIGH, the internal 
transistor pushes it to LO\W \ ) 
Net data r------ ) 
A logical interface operation mode, a complementary pair of 
transistors is used~to pusr the interface level to HIGH or LOW 
A number of 9loc~s, b~ erase unit 
Minimum perfonnance defined in Default and High Speed Modes 
Minimum pe~orrnan'ce defined in UHS-1 and UHS-11 mode 
Filling bits to/en's re fixed length frames for commands and 
responses-- e 
A drivdr st~ 1ch has three output driver states: HIGH, LOW and 
higb impedance (which means that the interface does not have any 
influence &,the interface level) 
Code w<>td'{epresenting a command 
Host adjusts sampling clock by Send Tuning Block Command. 
An overlapped area of valid data window is not available or too small 
for\ II Process, Voltage and Temperature variations. 

8.2 Abbreviations 
ACMD~ sJt bus width command 
ACMD4 lnitia)ization command 
AU~ ~ Allocation Unit 
CID ~ \ Card IDentification number register 
CLK clock signal 
CMD command line or SD bus command (if extended CMDXX) 
CRC Cyclic Redundancy Check 
CSD Card Specific Data register 
CMD0 Reset command 
CMDB Voltage check command 
CMD6 Switch command used for selecting one of UHS-1 modes 
CMD11 Voltage switch command to change signaling level 3.3V to 1.BV. 
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CMD19 
DAT or DAT[3:0] 
DOR 
DDR50 
OS 
DSR 
ECC 
eSD 
ESL 
ESR 
FD156 
HD312 
Host-SOR-FD 
Host-SOR-VD 
Host-DOR 
HS 
LOW, HIGH 
MSB, LSB 
MLCC 
MTP 
NERASE 

TERASE 

ToFFSET 

NSAC 

A new command for sending tuning block 
4-bit data line of SD bus 
Double data rate signaling 
One of UHS modes with double data rate. Up to 50MB/sec at 50MHz 
Default Speed Mode 
Driver Stage Register 
Error Correction Code ~ 
Embedded SD Memory Device defined by Part 1 eSD Add~nffiim 
Equivalent Series Inductance \ V 
Equivalent Series Resistance c-:::--, '\ 
UHS-11 Full Duplex mode with data transfer rate up to 156MB/s,_). 
UHS-11 Half Duplex with 2 Lanes mode with data trah,sfer rate up to 312MB/s 
One of host types with SOR signaling, fixed-delay (ca~_'t-use tuning) 
One of host types with SOR signaling, variabl~-delay can use tuning) 
One of host types with DOR signaling 
High Speed Mode '\.,_ / 
Binary interface states with defined assigrifrrent t9 a voltage level 
The Most Significant Bit or Least~ ignificarii Bit '\... 
Multi-Layer Ceramic Capacitor /'. \) /\ 
Multiple Time Programmable memory U (_ 
The recommended numbers of AUs to be erasea in one erase operation. 
Timeout value used for erasing ,multiple AUis as specified by ERASE_SIZE. 
Offset time used for calculating \~rase f meout. 
Defines the worst case for the cl~ck rat~ dependent factor of the data access 
time r ,'\...._/. 

OCR Operation Conditions Regiister \ 
OTP One Time Programmable\memorY 
Pw Performance of Write? '-...J 
Pm Performance of Move;,p) 
Pr Performance of Rea<! ./J 
PON Power Delive11.iietworkJ 
RCA Relative CardlNddress ~egister 
ROM Read On!)t Memo 
RU Recordin9"'Unit 
SDCLK Clock 1/ne of SD~u 
S18R Switchi~gio; 1.8\(;Request in ACMD41 argument 
S18A Switching to 1.8V Accepted in ACMD41 response 
SPI Serial Per-ipheral Interface 
TMC \ Defines th'e time dependent factor of the data access time 
tag Marker use'd to select groups or sector to erase 
TBD To Be Determined (in the future) 

Trw ~ FAITfritetime 
Trr FAT read time 
foouv Output Delay from SDCLK under all delay parameters condition. 
UHS Ul(ra High Speed 
UI ~ Unit Interval is one bit nominal time, SDCLK nominal period. 
SD Bus 1p=J Interface using contact pin numbers 1 to 9. 
SOR <- Single data rate signaling 
SDR12 One of UHS-1 modes with single data rate. Up to 12.5MB/sec at 25MHz 
SDR25 One of UHS-1 modes with single data rate. Up to 25MB/sec at 50MHz 
SDR50 One of UHS-1 modes with single data rate. Up to 50MB/sec at 100MHz 
SDR104 One of UHS-1 modes with single data rate. Up to 104MB/sec at 208MHz 
UHS50 One of UHS-1 Card Types supporting SDR50 
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UHS104 
UHS156 
UHS-111/F 
VCA 
VHS 
Voo 

Voo1 

Voo2 
Vss 
X5R/X7R 

One of UHS-1 Card Types supporting SDR104 
UHS-11 Generation 1 Card Type supporting FD156 and HD312 (Optional) 
Interface using contact pin numbers 7 to 8 and 10 to 17. 
Card accepted voltage range 
Host supplied voltage range 
+ power supply of non UHS-II Card 

3.3V range power supply for UHS-II Card (First row) 
1.8V range power supply for UHS-II Card (Second row) 

Power supply ground 
Symbol for dielectric material of capacitors 

~ 
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Appendix C (Informative) : 
Examples for Fixed Delay UHS-1 Host Design 

This section is a blank in the Simplified Specification. 
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Appendix D : UHS-1 Tuning Procedure 
This section is a blank in the Simplified Specification. 
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Appendix E: 
Host Power Delivery Network (PDN) Design Guide 

This section is a blank in the Simplified Specification. 
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Appendix F: 
Application Notes of Extension Function 

F .1 Identification of Function Driver /'\. 
There are two types of function drivers. "Standard Driver" controls a Standar.d~Punction, which will be 
defined by a Function Specification and it will be provided by OS or Host System vendor. "Particular 
Driver" controls a Particular Function and it will be provided by the function developer. v 

During a function initialization, Host Driver finds and loads a mos suitJl~tion driver installed on 
Host System referring to 4 codes in the General Information. ~~ 

1 

SFC (Standard Function Code) 2 byte ~'-....c/ 
FCC (Function Capability Code) 2 byte 
FMC (Function Manufacturer Code) 2 byte 
PFC (Particular Function Code) 2 byte (\ ~ 

Standard Driver is selected by SFC and FCC. SFC>0 and FC f O~ eans that there is a unique function 
driver for a SFC and Host Driver finds the driver by only SFC. qFC~(!) and FCC>0 means that there are 
multiple of function drivers to a SFC. These Card,....Drive{s will be installed to Host System with 
"Capability Information" which corresponds to Fcc.(Hos( D{ iv~ selects one driver of which Capability 
Information accords with FCC. SFC=0 means that RHere is \no Standard Driver and then Host Driver 
finds a Particular Driver which accords with FMC-and f?FC) 
Table F - 1 shows combination of the codes to identify"a function driver. If SFC>0, FMC>0 and PFC>0, 
the function may use Standard Driver and Particular Driver depends on driver installation to Host 
System. Use of Particular Driver is hr1 er'> prio~ for supporting higher functionality than use of 
Standard Driver 

~ 
SFC FCC FMC PFC Selection of Function Driver 

Non-zero 0000h 0000h ( ,,..-VOOOOh Select a Standard Driver by only SFC 
Non-zero Non-zero 0000h ~ 0000h '- Host selects one of Drivers by FCC 

0000h 0000h Non-zero Non-zero Select Particular Function Driver by FMC and PFC 
Non-zero any value Non-zero Non-zero Select either Particular or Standard Function Driver 

Particular Driver has hiaher orioritv 
~ . 

Table F - 1 : ~ bmat1on of Codes to Identify a Function Driver 
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