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1. Product Introduction 

1.1. Overview 

InnoDisk Industrial SD Card is a slim and low power consumed storage module that 
designed especially for portable devices. InnoDisk Industrial SD Card is compatible 
with SD 2.0 standard and supports SDHC Class 10 that provides excellent 
performance. The built-in auto ECC function can also detect and correct errors during 
data transfer. Moreover, InnoDisk Industrial SD Card supports standby and sleep 
mode that reduces power consumption in advance for application with limited power 
source. 
 

1.2. Product Picture 

 
Figure 1: Industrial SD Card picture 

 

1.3. Product Features 

‧ Interface: 9 pins SD standard interface 

‧ SLC NAND Flash 

‧ Capacity 

 Standard: 1GB, 2GB 

 SDHC: 4GB, 8GB 

‧ Data transfer rate: Read- 15MB/sec., Write- 11MB/sec. (Max.) 

‧ Built-in ECC corrects up to 28 bits per 1 KB 

‧ Durability 

 Insertion/removal: 15,000 cycles 

 Write protect switch: 1,000 cycles 

‧ Dimension: 24.00 x 32.00 x 2.10 mm 
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2. Theory of operation 

2.1. Overview 

Figure 2 shows the operation of InnoDisk Industrial SD Card from the system level, 
including the major hardware blocks.  

 
Figure 2: InnoDisk Industrial SD Card Architecture 

2.2. Error Detection and Correction 

Highly sophisticated Error Correction Code algorithms are implemented. The ECC 
unit consists of the Parity Unit (parity-byte generation) and the Syndrome Unit 
(syndrome-byte computation). This unit implements an algorithm that can correct 28 
bits per 1 KB in an ECC block. Code-byte generation during write operations, as well 
as error detection during read operation, is implemented on the fly without any speed 
penalties. 

2.3. Wear-Leveling 

Flash memory can be erased within a limited number of times. This number is called 
the erase cycle limit or write endurance limit and is defined by the flash array 
vendor. The erase cycle limit applies to each individual erase block in the flash device.  

InnoDisk Industrial SD Card uses a wear-leveling algorithm to ensure that consecutive 
writes of a specific sector are not written physically to the same page and block in the 
flash. This spreads flash media usage evenly across all pages, thereby extending 
flash lifetime. 
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2.4. Bad Blocks Management 

Bad Blocks are blocks that contain one or more invalid bits whose reliability are not 
guaranteed. The Bad Blocks may be presented while the SD is shipped, or may 
develop during the life time of the SD. The Bad Blocks will not exceed more than 3% 
of the total device volume. When the Bad Blocks is detected, it will be flagged, and not 
be used anymore. The SD implement Bad Blocks management, Bad Blocks 
replacement, Error Correct Code to avoid data error occurred. The functions will be 
enabled automatically to transfer data from Bad Blocks to spare blocks, and correct 
error bit.  
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3. Specifications 

3.1. Mechanical Dimensions 

 
Figure 3: InnoDisk Industrial SD Card mechanical dimensions 

3.2. Performance 

Data Transfer Rate 
 Sustained Read: 15MB/sec (max.) 
 Sustained Write: 11MB/sec (max.)*∗ 

                                                 
*∗ 1GB model supports sustained write speed up to 8MB/sec 
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3.3. NAND Flash Memory 

InnoDisk Industrial SD Card uses Single Level Cell (SLC) NAND flash memory, which 
is non-volatility, high reliability and high speed memory storage. There are only two 
statuses 0 or 1 of one cell. Read or Write data to flash memory for SSD is control by 
micro processor.  

3.4. Power Requirement  

3.4.1. DC Input Voltage 

2.7V to 3.6V 

3.4.2. Power Mode 

Auto stand-by and sleep mode 

3.4.3. Power Consumption  

Table 1: InnoDisk Industrial SD Card power consumption 
Sustained Read 40 mA 
Sustained Write 60 mA 
IDLE 180 μA 

3.5. Temperature Range 

‧ Operating Temperature Range  

 Standard Grade: 0°C to +70°C 

 Wide Temp: -40°C to +85°C 

‧ Storage Temperature Range: -55°C to +95°C 

3.6. Humidity 

Relative Humidity: 10-95%, non-condensing 

3.7. Shock and Vibration 

Table 2: Shock/Vibration Testing for InnoDisk Industrial SD Card 
Reliability Test Conditions 
Vibration 7 Hz to 2000 Hz, 5G, 3 axes 
Mechanical Shock Duration: 10ms, 50G, 3 axes 

3.8. System Reliability 

3.8.1. ECC Technology 
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High reliability based on the internal error correct code (ECC) function. Built-in 
ECC corrects up to 28 bits per 1 KB. 

3.8.2. Mean Time between Failures (MTBF) 

Table 2 summarizes the MTBF prediction results for various InnoDisk Industrial 
SD Card configurations. The analysis is performed using a RAM Commander™ 
failure rate prediction. 

‧ Failure Rate: The total number of failures within an item population, divided 
by the total number of life units expended by that population, during a 
particular measurement interval under stated condition.  

‧ Mean Time between Failures (MTBF): A basic measure of reliability for 
repairable items: The mean number of life units during which all parts of the 
item perform within their specified limits, during a particular measurement 
interval under stated conditions.  

Table 3: InnoDisk Industrial SD Card MTBF 
Product Condition MTBF (Hours) 
InnoDisk Industrial SD Card Telcordia SR-332 GB, 25°C > 3,000,000 

3.9. Certificate 

‧ CE and FCC Compatibility 
InnoDisk Industrial SD Card conforms to CE and FCC requirements. 

‧ RoHS Compliance 
InnoDisk Industrial SD Card is fully compliant with RoHS directive. 
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4. Pin Description 

4.1. Industrial SD Card Pin Direction 

 
Figure 4: Signal Segment and Power Segment 

4.2. Pin Assignment 

Table 4 demonstrates InnoDisk Industrial SD Card pin assignments. 

Table 4: InnoDisk Industrial SD Card Pin Assignment 
SD Mode SPI Mode 

Pin # 
Name Type1 Description Name Type1 Description 

1 CD/DAT32 I/O/PP3 Card Detect/Data Line [Bit 3] CS I3 Chip Select (neg true) 

2 CMD I/O/PP Command/Response DI I Data In 

3 VSS1 S Supply voltage ground VSS S Supply voltage ground 

4 VDD S Supply voltage VDD S Supply voltage 

5 CLK I Clock SCLK I Clock 

6 VSS2 S Supply voltage ground VSS2 S Supply voltage ground 

7 DAT0 I/O/PP Data Line [Bit 0] DO O/PP Data Out 

8 DAT14 I/O/PP Data Line [Bit 1] RSV   

9 DAT25 I/O/PP Data Line [Bit 2] RSV   

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

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

SET_BUS_WIDTH command. The Host shall keep its own DAT1-DAT3 lines in input mode, as well, while they are 

not used. 

3) At power up this line has a 50KOhm pull up enabled in the card. This resistor serves two functions Card 

detection and Mode Selection. For Mode Selection, the host can drive the line high or let it be pulled high to select 

SD mode. If the host wants to select SPI mode it should drive the line low. For Card deception, the host detects that 

the line is pulled high. This pull-up should be disconnected by the user, during regular data transfer, with 

SET_CLR_CARD_DETECT (ACMD42) command. 

4) DAT1 line may be used as Interrupt Output (from the Card) in SDIO mode during all the times that it is not in use 

for data transfer operations (refer to "SDIO Card Specification" for further details). 
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5) DAT2 line may be used as Read Wait signal in SDIO mode (refer to "SDIO Card Specification" for further 

details). 
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5. Electrical Specifications 

5.1. General DC Character 

Table 5: General DC Character 
Parameter Symbol Min. Max. Unit Remark 

Peak voltage on all lines  -0.3 3.6 V  

All input leakage current  -10 10 μA  

All output leakage current  -10 10 μA  

Supply voltage for low voltage range VDDL 1.7 1.95 V  

Supply voltage for high voltage range VDDH 2.7 3.6 V  

Supply voltage differential  -0.5 0.5 V  

 

5.2. Bus Signal Line Loading 

Table 6: Bus Signal Line Loading 
Parameter Symbol Min. Max. Unit Remark 

Pull up resistance for SDC line RCMD 10 100 K Ohm To prevent bus floating 

Pull up resistance for SDD line RDAT 10 100 K Ohm To prevent bus floating 

Total Bus capacitance for each 

signal line 
CL  40 pF 

Single card 

CHOST+CBUS shall not exceed 30 pF

Signal line inductance   16 nH fPP <= 20 MHZ 

Pull-up resistance inside card (pin 1) RDAT3 10 90 K Ohm May be used for card detection 

 

5.3. Bus Signal Level 

 

 
Figure 5: Bus Signal Level 

 
Table 7: Bus Signal Level 
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Parameter Symbol Min. Max. Unit Remark 

Output High voltage VOH 2.4  V VDD = 3.3V 

Output Low voltage VOL  0.4 V VDD = 3.3V 

Input High voltage VIH 2 3.6 V VDD = 3.3V 

Input Low voltage VIL -0.3 0.8 V VDD = 3.3V 

Output High voltage VOH 1.6  V VDD = 1.8V 

Output Low voltage VOL  0.2 V VDD = 1.8V 

Input High voltage VIH 1.26 2.1 V VDD = 1.8V 

Input Low voltage VIL -0.3 0.54 V VDD = 1.8V 

 

5.4. Bus Timing (High Speed Mode) 

 

Figure 6: Timing diagram data input/output referenced to clock 
 

Table 8: High Speed Mode Bus Timing 
Parameter Symbol Min. Max. Unit Remark 

Input SDCK 

Clock frequency data transfer mode fPP 0 50 MHz CCARD <= 10pF (1 card) 

Clock low time / Clock high time  tWL / tWH 7  ns CCARD <= 10pF (1 card) 

Clock rise time / Clock fall time tTLH / tTHL  3 ns CCARD <= 10pF (1 card) 

Input SDD/SDC, reference to SDCK 

Input set-up time tISU 6  ns CCARD <= 10pF (1 card) 

Input hold time tIH 2  ns CCARD <= 10pF (1 card) 

Output SDD/SDC, reference to SDCK 
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Output delay time during Data Transfer Mode tODLY  14 ns CL <= 40pF (1 card) 

Output hold time tOH 2.5  ns CL >= 15pF (1 card) 

Total System capacitance for each line CL  40 pF  

 

17 1.0 Datasheet, September 2010 



                  InnoDisk Corp. Industrial SD Card Datasheet 

6. Register Table 

6.1. Operation Condition Register (OCR) 

The 32-bit operation conditions register stores the VDD voltage profile of the card. In 
addition, this register includes status information bits. One status bit is set if the card 
power up procedure has been finished. This register includes another status bit 
indicating the card capacity status after set power up status bit. The OCR register 
shall be implemented by all cards. As long as the card is busy, the corresponding bit 
(31) is set to LOW. 
Additionally, this register includes 2 more status information bits. Bit 31 – Card power 
up status bit, this status bit is set if the card power up procedure has been finished. Bit 
30 – Card capacity status bit, this status bit is set to 1 if card is High Capacity SD 
Memory Card. 0 indicates that the card is Standard Capacity SD Memory Card. The 
Card Capacity status bit is valid after the card power up procedure is completed and 
the card power up status bit is set to 1. The Host shall read this status bit to identify a 
Standard or High Capacity SD Memory Card. 
 

Table 9: InnoDisk Industrial SD Card OCR Table 
OCR bit  VDD voltage window  Value  

[6:0]  Reserved  000 0000 b  

[7]  1.7V – 1.95V  0 b  

[14:8]  2.0V – 2.6V  000 0000 b  

[23:15]  2.7V – 3.6V  1 1111 1111 b  

[29:24]  Reserved  00 0000 b  

[30]  Card capacity status  

[31]  Card power status  

6.2. Card Identification Register (CID) 

The Card IDentification (CID) register is 128 bits wide. It contains the card 
identification information used during the card identification phase. Every individual 
flash card shall have a unique identification number. The structure of the CID register 
is defined in the following table. 
 

Table 10: InnoDisk Industrial SD Card CID Table 
CID bit  Width  Name  Field  

[127:120]  8  Manufacturer ID  MID  

[119:104]  16  OEM/Application ID  OID  
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[103:64]  40  Product Name  PNM  

[63:56]  8  Product Revision  PRV  

[55:24]  32  Product Serial Number  PSN  

[23:20]  4  Reserved  --- 

[19:8]  12  Manufacturing Date  MDT  

[7:1]  7  CRC7 check sum  CRC  

[0]  1  Not used, always ‘1’  --- 

6.3. Relative Card Address Register (RCA) 

The writable 16-bit relative card address register carries the card address this 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 

6.4. Card Specific Data Register (CSD) 

The Card-Specific Data register provides information on how to access the card 
contents. The CSD defines the data format, error correction type, maximum data 
access time, data transfer speed, whether the DSR register can be used etc. The 
programmable part of the register can be changed by CMD27. 
 

Table 11: InnoDisk Industrial SD Card CSD Table for High Capacity 
CSD bit  Width  Name Field  Value  Note  

[127:126]  2  CSD Structure  CSD_STRUCTURE  01 b  v.2.0  

[125:120]  6  Reserved  --- --- --- 

[119:112]  8  Data read access time 1  TAAC  0E h  1ms (*3)  

[111:104]  8  Data read access time 2  NSAC  00 h  (*3)  

[103:96]  8  Max. data transfer rate  TRAN_SPEED  32 h  25MHz  

[95:84]  12  Card command classes  CCC  5F5h  (*1) 

[83:80]  4  Max. read data block length READ_BL_LEN  9 h  512bytes(*3)  

[79]  1  Partial block read allowed  READ_BL_PARTIAL  0 b  Not Supported (*3) 

[78]  1  Write block misalignment  WRITE_BLK_MISALIGN 0 b  Not Supported (*3) 

[77]  1  Read block misalignment  READ_BLK_MISALIGN  0 b  Not Supported (*3) 

[76]  1  DSR implemented  DSR_IMP  0 b  Not supported (*3) 

[75:70]  6  Reserved  --- 000000b  --- 

[69:48]  22  Device size  C_SIZE  (*2)  (*2) 

[47]  1  Reserved  --- 0 b  --- 
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[46]  1  Erase single block enable  ERASE_BLK_EN  1 b  Allowed (*3)  

[45:39]  7  Erase sector size  SECTOR_SIZE  7Fh  64KB (*3)  

[38:32]  7  Write protect group size  WP_GRP_SIZE  00h  (*3)  

[31]  1  Write protect group enable  WP_GRP_ENABLE  0 b  Not Supported (*3) 

[30:29]  2  Reserved  --- --- --- 

[28:26]  3  Write speed factor  R2W_FACTOR  010 b  4X (*3)  

[25:22]  4  Max. write data block length WRITE_BL_LEN  9 h  512bytes (*3)  

[21]  1  Partial block write allowed  WRITE_BL_PARTIAL  0 b  Not Supported (*3) 

[20:16]  5  Reserved  --- --- --- 

[15]  1  File format group  FILE_FORMAT_GRP  0 b  HD like FAT (*3) 

[14]  1  Copy flag  COPY  0 b  Not copied  

[13]  1  Permanent write protection PERM_WRITE_PROTECT 0 b  Not protected  

[12]  1  Temporary write protection TMP_WRITE_PROTECT 0 b  Not protected  

[11:10]  2  File format  FILE_FORMAT  00 b  HD like FAT (*3) 

[9:8]  2  ECC code  ECC  00 b  None  

[7:1]  7  CRC  CRC  --- --- 

[0]  1  Not used, always ‘1’ --- 1 b  --- 

(*1) Support command class 0,2,4,5,6,7,8,10, including: Basic, Block read/write, 
Erase, Write protection, Application command, Lock card and switch function. Not 
support 1,3, including: Stream read/write. 
(*2) The value will be changed by different flash memory. 
(*3) The field name in parenthesis is set to fixed value and indicates that the host is 
not necessary to refer these fields. The fixed values enable host, which refers to these 
fields, to keep compatibility to CSD Version 1.0. 
 

Table 12: InnoDisk Industrial SD Card CSD Table for Standard Capacity 
CSD bit  Width  Name Field  Value  Note  

[127:126]  2  CSD Structure  CSD_STRUCTURE  00 b  
v1.0-v1.1 

v2.0 (<= 2GB)  

[125:120]  6  Reserved  --- --- --- 

[119:112]  8  Data read access time 1  TAAC  7F h  80ms  

[111:104]  8  Data read access time 2  NSAC  FF h  25.5K clocks  

[103:96]  8  Max. data transfer rate  TRAN_SPEED  32 h  25MHz  

[95:84]  12  Card command classes  CCC  5F5h  (*1)  

[83:80]  4  Max. read data block length READ_BL_LEN  9 h  512bytes  

[79]  1  Partial block read allowed  READ_BL_PARTIAL  1 b  Supported  
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[78]  1  Write block misalignment  WRITE_BLK_MISALIGN 1 b  Supported  

[77]  1  Read block misalignment  READ_BLK_MISALIGN  1 b  Supported  

[76]  1  DSR implemented  DSR_IMP  0 b  Not supported  

[75:74]  2  Reserved  --- --- --- 

[73:62]  12  Device size  C_SIZE  (*2)  (*2)  

[61:59]  3  Max. R_curr @ VDD min  VDD_R_CURR_MIN  101 b  35mA  

[58:56]  3  Max R_curr @ VDD max  VDD_R_CURR_MAX  101 b  45mA  

[55:53]  3  Max. W_curr @ VDD min  VDD_W_CURR_MIN  101 b  35mA  

[52:50]  3  Max W_curr @ VDD max  VDD_W_CURR_MAX  101 b  45mA  

[49:47]  3  Device size multiplier  C_SIZE_MULT  (*2)  (*2)  

[46]  1  Erase single block enable  ERASE_BLK_EN  0 b  Not Allowed  

[45:39]  7  Erase sector size  SECTOR_SIZE  (*3)  (*3)  

[38:32]  7  Write protect group size  WP_GRP_SIZE  (*4)  (*4)  

[31]  1  Write protect group enable  WP_GRP_ENABLE  1 b  Supported  

[30:29]  2  Reserved  --- --- --- 

[28:26]  3  Write speed factor  R2W_FACTOR  101 b  32X  

[25:22]  4  Max. write data block length WRITE_BL_LEN  9 h  512bytes  

[21]  1  Partial block write allowed  WRITE_BL_PARTIAL  1 b  Supported  

[20:16]  5  Reserved  --- --- --- 

[15]  1  File format group  FILE_FORMAT_GRP  0 b  HD like FAT  

[14]  1  Copy flag  COPY  0 b  Not copied  

[13]  1  Permanent write protection PERM_WRITE_PROTE CT 0 b  Not protected  

[12]  1  Temporary write protection TMP_WRITE_PROTEC T 0 b  Not protected  

[11:10]  2  File format  FILE_FORMAT  00 b  HD like FAT  

[9:8]  2  ECC code  ECC  00 b  None  

[7:1]  7  CRC  CRC  --- --- 

[0]  1  Not used, always ‘1’ --- 1 b  --- 

(*1) Support command class 0,2,4,5,6,7,8,10, including: Basic, Block read/write, 
Erase, Write protection, Application command, Lock card and switch function. Not 
support 1,3, including: Stream read/write. 
(*2)~(*4) The value will be changed by different flash memory. 
 

6.5. SD card Configuration Register (SCR) 

The CSD register is another configuration register in SD card. SCR provides on SD 
card’s special features that were configured into the given card. The size of SCR is 64 
bit. SCR is a read only register. 
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Table 13: InnoDisk Industrial SD Card SCR Table 
SCR bit  Width  Name Field  Value  Note  

[63:60]  4  SCR structure  SCR_STRUCTURE  0000 b  v1.0-v2.0  

[59:56]  4  SD Card spec. version  SD_SPEC  0010 b  v2.0  

[55]  1  Data status after erase  DATA_STAT_AFTER_ ERASE 0 b  Zero after erase  

[54:52]  3  SD security support  SD_SECURITY  011 b  Secure-Protocol 2.0  

[51:48]  4  DAT bus width support  SD_BUS_WIDTH  0101 b  Support 1 / 4 bits  

[47:32]  16  Reserved  --- --- --- 

[31:0]  32  Reserved  --- --- --- 

 


