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Revision History

Date Revision Description Checked by

Add SD 6.0 PNs:

4GB: VPFSD34096QEWPTL
8GB: VPFSD38192QEDPTL
32GB: VPFSD3032GQCAPTL
64GB: VPFSD3064GQCZPTL
1/22/19 El Add SPI Bus Mode Protocol
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Ordering Information

Density
Spec Viking P/N NAND Process Temperature
SD 6.0 VPFSD34096QEWPTL TSB 15nm MLC, pSLC 4 -25to0 85°C
SD 6.0 VPFSD38192QEDPTL TSB 15nm MLC, pSLC 8 -25to0 85°C

SD 6.0 | VPFSD3032GQCAPTL | TSB 15nm MLC, pSLC 32 -2510 85°C
SD 6.0 | VPFSD3064GQCZPTL | TSB 15nm MLC, pSLC 64 -2510 85°C
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1 Introduction

Viking SSD'’s offer the highest flash storage reliability and performance as well as support for
many functional features.

1.1 Features

e Flash Type Advanced Flash Management
o Toshiba 15nm MLC in pSLC mode o Static and Dynamic Wear Leveling
o Bad Block Management
¢ 3.0 Bus Speed Mode o PPMS
o UHS-I (4GB and higher) o SMART function
o Non-UHS (2GB and lower) o Auto-Read Refresh
o Embedded Mode

e Speed Class o Write Protect with mechanical switch
o Class 2/6/10 e SD SPI Mode

e Power Consumption " e Supply Voltage 2.7 ~ 3.6V
o Power Up Current < 250uA e Temperature Range
o Standby Current < 1000uA o Operation: -25°C ~ 85°C

o Read Current < 400mA o Storage: -40°C ~ 85°C
o Write Current < 400mA RoHS compliant
e CPRM (Content Protection for Recordable Media) EMI compliant

NOTE: Please see Chapter on Power Consumption for details
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e SD 6.0 Performance Overview

Power Consumption

Performance

(Maximum)
Process Capacity Flash TestMetrixTest :
Structure @500MB Read  Write Standby
- (mA) (mA) (mA)
Read Write
(MB/s) (MB/s)
4GB 8GBx1 90 80 400 400 1
8GB 8GB x 2 95 90 400 400 1
pSLC 32GB 8GB x 8 95 90 400 400 1
64GB 16GB x 8 95 90 400 400 1
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1.2 General Description

The Secure Digital (SD) card version 3.0 / 6.0 is fully compliant with the standards released by
the SD Card Association. The Command List supports [Part 1 Physical Layer Specification
Ver3.0 / 6.01 Final] definitions. Card capacities of non-secure area and secure area support
[Part 3 Security Specification Ver3.0 / 6.0 Final]

The SD 3.0/ 6.0 card has a 9-pin interface, designed to operate at a maximum frequency of
208MHz. It can alternate communication protocol between the SD mode and SPI mode. It
performs data error detection and correction with very low power consumption. The Card
capacity could be more than 64GB and up to 2TB in the future with ex-FAT file system, which is
called SDXC (Extended Capacity SD Memory Card). Secure Digital 3.0 / 6.0 cards are one of
the most popular cards today due to its high performance, good reliability and wide
compatibility.

1.3 Flash Management

1.3.1 Error Correction Code (ECC)
Flash memory cells will deteriorate with use, which might generate random bit errors in the
stored data. Thus, Viking SD cards apply the BCH ECC Algorithm, which can detect and correct
errors occur during Read process, ensure data been read correctly, as well as protect data from
corruption.

1.3.2 Wear Leveling
NAND Flash devices can only undergo a limited number of program/erase cycles, and in most
cases, the flash media are not used evenly. If some area get updated more frequently than
others, the lifetime of the device would be reduced significantly. Thus, Wear Leveling technique
is applied to extend the lifespan of NAND Flash by evenly distributing write and erase cycles
across the media.

Viking provides advanced Wear Leveling algorithm, which can efficiently spread out the flash
usage through the whole flash media area. Moreover, by implementing both dynamic and static
Wear Leveling algorithms, the life expectancy of the NAND Flash is greatly improved.

1.3.3 Bad Block Management
Bad blocks are blocks that include one or more invalid bits, and their reliability is not
guaranteed. Blocks that are identified and marked as bad by the manufacturer are referred to as
“Initial Bad Blocks”. Bad blocks that are developed during the lifespan of the flash are named
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“Later Bad Blocks”. Viking implements an efficient bad block management algorithm to detect
the factory-produced bad blocks and manages any bad blocks that appear with use. This
practice further prevents data being stored into bad blocks and improves the data reliability.

1.3.1 SMART Function
SMART, an acronym for Self-Monitoring, Analysis and Reporting Technology, is an special
function that allows a memory device to automatically monitor its health. A Smartinfo Tool is
used to observe SMART data and will display the controller version, flash type, firmware
version, endurance life ratio, good block ratio, and so forth. In addition, a warning message will
appear under the following 3 conditions:

(1) When the life ratio remained is less than 10%,
(2) When the amount of abnormal power on is more than 3,500 cycles, and

(3) When there are less than 5 usable blocks for replacing bad blocks.

1.3.2 Auto-Read Refresh

Auto-Read Refresh is especially applied on devices that read data mostly but rarely write data,
such as GPS. When blocks are continuously read, then the device cannot activate wear leveling
since it can only be applied while writing data. Thus, errors will accumulate and become
uncorrectable. Accordingly, to avoid errors exceed the amount ECC can correct and blocks turn
bad, Phison’s firmware will automatically refresh the bit errors when the error number in one
block approaches the threshold, ex., 24 bits.

1.3.3 Data Clone System (DCS)
DCS is a function which minimizes the chance of data lost in the event of sudden power lost.
When power lost occurred during writing, there will always be a chance where the data become
corrupted. To counter this, firmware will perform extra writing of data to a buffer block. In the
event of a sudden power loss, during the next power up, ECC will be checked on the original
target block. If ECC was discovered, the firmware will copy the same data from the buffer block
and replace the corrupted data in the original target block. This will greatly reduce the chance of
the corrupted data being used continuously.

1.3.4 Embedded mode
Embedded mode is a function specially designed for operating systems that do not utilize FAT.
Often under non Windows OS, for example Linux or customized host, wear leveling mechanism
of SD cards will be affected or even disabled in some cases. With embedded mode activated,
SD cards ensure that under any circumstances, wear leveling mechanism can operate normally
to keep the usage of blocks even throughout the card’s life cycle. This is especially a great add-
on for security cameras or drive recorders.
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1.3.5 Pseudo SLC (pSLC)

Pseudo SLC can be considered as an extended version of MLC. While MLC contains fast and
slow pages, pSLC only applies fast pages for programming. The concept of pSLC is
demonstrated in the two tables below. The first and second bits of a memory cell represent a
fast and slow page respectively. Since only fast pages are programmed when applying pSLC,
the bits highlighted in red are used, as shown in the right table. Accordingly, because only fast
pages are programmed, pSLC provides better performance and endurance than MLC.
Moreover, pSLC performs similarly with SLC, yet pSLC is more cost-effective.

Figure 1-1: pSLC

1st Bit 2nd Bit 1st Bit 2nd Bit
(Fast page) | (Slow page) (Fast page) | (Slow page)
1 1 —_ 1 1
1 0 1 0
0 1 0 1
0 0 0 0
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2 PRODUCT SPECIFICATIONS

2.1 Summary

e Support SD system specification version 3.0/ 6.0
¢ Card capacity of non-secure area and secure area support
[Part 3 Security Specification Ver3.0 Final] Specifications

e Support SD SPI mode
¢ Designed for read-only and read/write cards
¢ Bus Speed Mode (use 4 parallel data lines)
= Non-UHS Mode
» Default speed mode: 3.3V signaling, frequency up to 25MHz, up to 12.5 MB/sec
» High speed mode: 3.3V signaling, frequency up to 50MHz, up to 25 MB/sec
= UHS Mode
» SDR12: SDR up to 25MHz, 1.8V signaling
» SDR25: SDR up to 50MHz, 1.8V signaling
» SDR50: 1.8V signaling, frequency up to 100MHz, up to 50 MB/sec
» SDR104: 1.8V signaling, frequency up to 208MHz, up to 104MB/sec
» DDR50: 1.8V signaling, frequency up to 50MHz, sampled on both clock edges, up to
50MB/sec

NOTES:
1. Timing in 1.8V signaling is different from that of 3.3V signaling.
2. To properly run the UHS mode, please ensure the device supports UHS-I mode.

e The command list supports
[Part 1 Physical Layer Specification Ver3.1 Final] definitions

e Copyrights Protection Mechanism

= Compliant with the highest security of DPRM standard
Support CPRM (Content Protection for Recordable Media) of SD Card
Card removal during read operation will never harm the content
Password Protection of cards (optional)

Write Protect feature using mechanical switch

Built-in write protection features (permanent and temporary)
Electrostatic Discharge (ESD)

= ESD protection in contact pads (contact discharge)

= ESD protection in non-contact pads  (air discharge)

¢ Operation voltage range: 2.7 ~ 3.6V

e Support Dynamic and Static Wear Leveling
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2.2 Block Diagram

Figure 2-1: High-Level Block Diagram
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2.3 SD CARD COMPARISON

Table 2-1: Comparing SD3.0 Standard, SD3.0 SDHC and SD3.0 SDXC
SD3.0 SDSC (Backward SD3.0 SDHC (Backward

compatible to 2.0 host compatible to 2.0 host) SD3.0 SDXC

File System FAT 12/16 FAT32 exFAT
Block (512 byte

Addressing Mode Byte (1 byte unit) Block (512 byte unit) unit)

HCS/CCS bits of

ACMDA41 Support Support Support

CMD8

(SEND_IF_COND) Support Support Support

CMD16 Support (Only

(SET_BLOCKLEN) Support Support (Only CMDA42) CMDA42)

Partial Read Support Not Support Not Support

Lock/Unlock Function Mandatory Mandatory Mandatory

Write Protect Groups Optional Not Support Not Support

Supply Voltage 2.7v —

3.6v (for operation) Support Support Support

Total Bus Capacitance

for each signal line 40pF 40pF 40pF

CSD Version

(CSD_STRUCTURE

Value) 1.0 (0x0) 2.0 (Ox1) 2.0 (0x1)
Mandatory (Class 2/4 /6 / | Mandatory (Class

Speed Class Optional 10) 2/4/6/10)

Table 2-2: Comparing UHS Speed Grade Symbols

! Ul (UHS Speed Grade 1) ! U3 ( UHS Speed Grade 3)
Operable
Under *UHS-1 Bus I/F, UHS-II Bus I/F
SD Memory
Card SDHC UHS-I and UHS-Il, SDXC UHS-I and UHS-II

30 MB/s minimum write
Performance 10 MB/s minimum write speed speed
Full higher potential of recording real-time broadcasts and | Capable of recording 4K2K

Applications capturing large-size HD videos. video.

*UHS (Ultra High Speed), , defines bus-interface speeds up to 312 Megabytes per second for
greater device performance. It is available on SDXC and SDHC memory cards and devices.

\
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1 ELECTRICAL INTERFACE OUTLINES
1.1 SPI Bus Mode Protocol

While the SD Memory Card channel is based on command and data bit streams that are
initiated by a start bit and terminated by a stop bit, the SPI channel by byte oriented. Every
command or data block is built for 8-bit bytes and is byte aligned with the CS signal (i.e. the
length is a multiple of 8 clock cycles). The card starts to count SPI bus clock cycle at the
assertion of the CS signal. Every command or data token shall be aligned with 8-clock cycle
boundary.

Similar to the SD Memory Card Protocol, the SPI messages consist of command, response and
data-block tokens. The advantage of SPI mode is reducing the host design effort, especially for
MMC host side, it just be modified by little change. Note: please use SD card specification to
implement SPI mode function, not use MMC specification. For example, SPI mode is initialized
by ACMDA41, and the registers are different from MMC card, especially CSD register.

Refer to SD specification for the state diagram in SPI mode and SPI command set.
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2 ENVIRONMENTAL SPECIFICATIONS

2.1 Environmental Conditions

2.1.1 Temperature and Humidity

Table 2-1: Temperature Specifications

Conditions Operating Shipping Storage
Temperature- Ambient -25t0 85°C -40 to 85°C -40 to 85°C
Humidity (non-condensing) 95% under 25C | 93% under 40C 93% under 40C

2.1.2 Shock and Vibration

Table 2-2: Shock and Vibration Specifications

Stimulus  Descripon
Shock 1500G, 0.5ms

Vibration | 20 — 80 Hz/1.52mm, 80 — 2000 Hz/20G, (X,Y,Z axis / 30 min for each)

2.1.1 Electromagnetic Immunity and EMI Compliance

e FCC: CISPR22
e CE: EN55022
e BSMI 13438

2.1.2 Drop
Table 2-3: Drop Specifications

Height of Drop Number of Drop

SD card | 150cm free fall Direction: 6 face; 1 time/face
Result: No any abnormality is detected when power on
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2.1.3 Bend
Table 2-4: Bend Specifications

Action
SD card = 10N Hold for 1min; total 5 times.

Result: No any abnormality is detected when power on

2.1.4 Toque
Table 2-5: Torque Specifications

Force Action
I

SD card 0.15N-m or +2.5 deg Hold 30 second/direction, Total 5 cycles
Result: No any abnormality is detected when power on

2.1.5 Switch
Table 2-6: Switch Specifications

QM Number of Switch Cycle

SD card 0.4N-m~5N-m 1000 cycles
Result: No any abnormality is detected when power on

2.1.6 Card Socket Insertions
Table 2-7: Card Socket Insertions

Number of Mating Cycles Result

SD card 10000 cycles Pass

2.1.7 Electrostatic Discharge (ESD)
Table 2-8: Electrostatic Discharge (ESD)

Condition ‘ Result
|
Contact: +4KV; 5 times/Pin Pass
SD card |Air: +15KV; 5 times/Position Pass
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2.2 Power Consumption
The table below is the power consumption of SD card with different bus speed modes.

Table 2-9: Power Consumption

Max. Power Up Max. Standby Max. Read Current| Max. Write Current
Bus Speed Mode Current (UA) Current (UA) (mA) (mA)
| | | |

Default Speed Mode 250 1000 150 @ 3.6V 150 @ 3.6V

High Speed Mode 250 1000 200 @ 3.6V 200 @ 3.6V

NOTES:

1) Power consumptions are measured at room temperature (25C). Standby current might rise to 1600
under 85C.

2) Power consumption of Max. Standby Current is for SD cards under and including 64GB only. For
128GB and 256GB, the power consumption is to be determined.

2.3 DC Characteristic

2.3.1 Bus Operation Conditions for 3.3V Signaling

Table 2-10: Threshold Level for High Voltage Range

Parameter Symbol Min. Max Unit Condition
Supply Voltage | VDD | 2.7 | 3.6 | \% | |
Output High Voltage Vou 0.75*VDD V  lop=-2mA VDD Min
Output Low Voltage VoL 0.125*VDD V  |llor=2mA VDD Min

Input High Voltage Viy 0.625*VDD VDD+0.3 \%

Input Low Voltage Vi VSS-0.3 0.25*VDD \Y

Power Up Time 250 ms [From OV to VDD min
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Table 2-11: Peak Voltage and Leakage Current

Symbol Unit |Remarks

Parameter

Peak voltage on all

lines -0.3 |VvDD+0.3| V
All Inputs

Input Leakage Current -10 10 UA
All Outputs

Output Leakage Current -10 10 UA

Table 2-12: Threshold Level for 1.8V Signaling

Parameter Symbol Unit  |Condition
Supply Voltage

Regulator Voltage Vobio 1.7 1.95 \Y Generated by Vpp
Output High Voltage Vo 1.4 \% lon=-2mA

Output Low Voltage VoL - 0.45 \Y lor=2mA

Input High Voltage V4 1.27 \%

Input Low Voltage Vi Vss-0.3 0.58 \

Table 2-13: Input Leakage Current for 1.8V Signaling
Symbol ‘ Min ‘ Max. ‘ Unit

RENMES

DAT3 pull-up is disconnected
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2.3.2 Bus Signal Line Load
Figure 2-1: Bus Circuitry Diagram

Rpar [ | Remp Rwe
Write Protect VSS o
" CMD -
. [
. DATOS3
sD SRR Y R A =T
Memory C i~ C:
Card = "= = 0
Host 912345678
——— SD Memory [€
Card ]

Table 2-14: Bus Operation Conditions — Signal Line’s Load

Parameter Symbol | Min | Max | Unit |Remark

| | | |l
Rewvp

Pull-up resistance Rpar 10 | 100 | kQ [To prevent bus floating

Total bus capacitance for each signal 1 card Cyost+Cgyus shall not exceed

line C. 40 pF 30 pF

Card Capacitance for each signal pin Ccarp 10 pF

Maximum signal line inductance 16 | nH

Pull-up resistance inside card (pinl) Rpats | 10 | 90 | kQ [May be used for card detection

Capacity Connected to Power Line Cc 5 uF [To prevent inrush current

Notes:

Total Bus Capacitance = Cyost + Cgus + N Ccarp
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2.3.3 Power Up Time of Host
Host needs to keep power line level less than 0.5V and more than 1ms before power ramp

up.

Figure 2-2: Power Up Time of Host

VDD Supply
Voltage

A

3.6V

VDD max

Operating supply range /.
2.7V : L

Stable supply
voltage i

VDD min

0.5V I—pomeromcyee

Min.
1msec

Min. 0.1msec
~ Max. 35msec
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Power On or Power Cycle

Followings are requirements for Power on and Power cycle to assure a reliable SD Card hard
reset.

1. Voltage level shall be below 0.5V
2. Duration shall be at least 1ms.

Power Supply Ramp Up

The power ramp up time is defined from 0.5V threshold level up to the operating supply voltage
which is stable between VDD (min.) and VDD (max.) and host can supply SDCLK.

Followings are recommendations of Power ramp up:

Voltage of power ramp up should be monotonic as much as possible.

The minimum ramp up time should be 0.1ms.

The maximum ramp up time should be 35ms for 2.7-3.6V power supply.

Host shall wait until VDD is stable.

After 1ms VDD stable time, host provides at least 74 clocks before issuing the first
command.

arwnhpE

Power Down and Power Cycle

1. When the host shuts down the power, the card VDD shall be lowered to less than
0.5Volt for a minimum period 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.

2. 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 VDD shall be
once lowered to less than 0.5Volt for a minimum period of 1ms).
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2.3.4 Power Up Time of Card
A device shall be ready to accept the first command within 1ms from detecting VDD min.
Device may use up to 74 clocks for preparation before receiving the first command.
Figure 2-3: Power Up Time of Card

ASupply voltage

Vpp max

Host Supply Voltage |

Valid voltage range for
all commands

|
! Time out value for tinla
: T initialization process = 1sec
ﬁw—er—u-p-"—mg) quggluam—ulpw‘ lEnd of first ACMD41 to card ready'
|
ACMD{| N AcMmp| N ACMD
Initialization sequencd™ CMD+ CMDBIH> ~ 41 fr==Sb{ 41 |== | 41 ChDZ
|< > Optional repetitions of ACMD4 1
I Initialization delay: until no cards are responding
The maximum of with busy bit set
1 msec, 74 clock cycles

and supply ramp up time
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2.4 AC Characteristic
Figure 2-4: Voltage Levels
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input
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output
" low level

2.4.1 SD Interface Timing (Default)
Figure 2-5: Card Input Timing (Default Speed Card)

Not Valid Not Valid
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Figure 2-6: Card Output Timing (Default Speed Card)

e :-o—toommin)

Card Output Not Valid Not Valid
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Table 2-15: Timing Specifications

Parameter

Clock CLK (All values are referred to min(VIH) and max(VIL)

Clock frequency Data Transfer Mode fPP 0 25 | MHz |Cc4¢<10 pF (1 card)
Clock frequency ldentification Mode foo  0(1)/100[ 400 | kHz (Cc4q<10 pF (1 card)
Clock low time twi 10 ns (Ceard=10 pF (1 card)
Clock high time twh 10 ns Ccara=10 pF (1 card)
Clock rise time trin 10 ns (Cearg=10 pF (1 card)
Clock fall time traL 10 ns Ccarg=10 pF (1 card)

Inputs CMD, DAT (referenced to CLK)

Input set-up time tisu 5 ns Ccarg=10 pF (1 card)

Input hold time tin 5 ns Cearg=10 pF (1 card)

Outputs CMD, DAT (referenced to CLK)

Output Delay time during Data Transfer Mode tooLy 0 14 ns  (Ccarg=40 pF (1 card)
Output Delay time during Identification Mode tooLy 0 50 ns  (Ccarg=40 pF (1 card)
Notes:

1) OHz means to stop the clock. The given minimum frequency range is for cases where continuous
clock is required.
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2.4.2 SD Interface Timing (High-Speed Mode)
Figure 2-7: Card Input Timing (High Speed Card)

Card Input Not Valid Valid : Not Valid

Figure 2-8: Card Output Timing (High Speed Card)

t max
VDD ____________ * £t ximaxy “—'tOH{mm)
Card Output Not Valid Not Valid
Vss ------------
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Table 2-16: Card Output Timing (High Speed Card)

Parameter Symbol Min | Max | Unit Remark

Clock CLK (All values are referred to min(VIH) and max(VIL)

Clock frequency Data Transfer Mode fop 0 50 | MHz (Ccqq<10 pF (1 card)
Clock low time twi 7 Ns Cearg<10 pF (1 card)
Clock high time twh 7 Ns |Ccarg<10 pF (1 card)
Clock rise time trin 3 Ns (Cearq<10 pF (1 card)
Clock fall time trae 3 Ns |Ccarg<10 pF (1 card)

Inputs CMD, DAT (referenced to CLK)

Input set-up time tisu 6 Ns (Cearg<10 pF (1 card)

Input hold time tin 2 Ns (Cearg<10 pF (1 card)

Outputs CMD, DAT (referenced to CLK)

Output Delay time during Data Transfer Mode tooLy 0 14 ns |Ccarg<40 pF (1 card)
Output hold time ton 2.5 ns |Ccarg<15 pF (1 card)
Total System capacitance of each C. 0 40 ns |Ccarg<15 pF (1 card)
Notes:

1) In order to satisfy severe timing, the host shall drive only one card.
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2.4.3 SD Interface Timing (SDR12, SDR25 and SDR50 Modes)

Figure 2-9: Clock Signal Timing (Input)

| tewk i
VDDIO """""" i‘- ! '§ Y]
SDCLK Input f\)ﬁ" V'“)i\ #iver
Vi AL Py Vi Wl i ™
Vgg----=---=--- —»! i‘_tcn b - et

teik 208MHz (Max.), Between rising edge, V= 0.975V

tcr, tcr < 0.96ns (Mmax.) at 208MHz, Ccarp=10pF

tcr, ter < 2.00ns (max.) at 100MHz, Ccarp=10pF The

0.2* absolute maximum value of tcg, tcr is 10ns regardless
ter, tee - tolk ns pof clock frequency
Clock Duty 30 70 %

Datasheet: PSFSD3XXXXQXXXX SD Card 6.0 Page 30

Revision E1 | January 22, 2019



Figure 2-10: SDR50 and SDR104 Card Input Timing

O i
SDCLK Input j_/va \
| St i
T : L
Vomo """""" l‘_’:‘_.:
v Vv
CMD Input X'" ’ '“X
“ Not Valid Valid |
DAT[3:0] Input V, VIL:
Mjgis=-eessenea '

Table 2-18: SDR50 and SDR104 Card Input Timing

Symbol Min ‘ VE ‘ Unit SDR104 Mode
tis 1.4 - ns  (Ccaro =10pF, Ver= 0.975V

t 081 - ns  [Ccaro = 5pF, Ver= 0.975V

Symbol Min Max Unit SDR104 Mode

ts 3.00 - ns  Ccaro =10pF, Ver= 0.975V

ty 0.8" - ns  Ccaro = 5pF, Vo= 0.975V
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Figure 2-11: Clock Signal Timing (Output Timing of Fixed Data)

toik

v

tODLY

CMD Output N e
DAT[3:0] Output Vou\ Vo

topLy tcu<> 10.0ns, C, =30pF, using driver Type B, for SDR50
tcLk>=20.0ns, C_=40pF, using driver Type B, for SDR25 and

tobLy - 14 ns [SDR12

Ton 1.5 - ns [Hold time at the top y (min.), C,=15pF
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Figure 2-12: Output Timing of Variable Window (SDR104)

DIO
In

S

Vo
SDCLK
Vs

tox g

'
'
L
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]
1
1

put £ Ver

\ / :V“ \;

'

'
> i@ S
> -

'

CMD Output
DAT[3:0] Output

v Vou
C valid
Vo oL

Table 2-20: Output Timing of Variable Window (SDR104)

Symbol Min Max Unit |Remark
top 0 | 2 | Ul Card Output Phase |
Atop -350 +1550 ps Delay variable due to temperature change after tuning

toow 0.6 - Ul toow = 2.88ns at 208MHz
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2.4.4 SD Interface Timing (DDR50 Mode)
Figure 2-13: Clock Signal Timing

i tok R
Vopio™™ """ ‘ . V )
SDCLK Input f Viu V'“\ / A
Vo il i P Vi Vit
M= e E'_tcn —>; E"tcs e E"tcn

Symbol Min ‘ Max ‘ Unit  |Remark

teik 50MHz (Max.), Between rising edge
tcr, tcr - 0.2* tok ns tcr, tcr < 4.00ns (maX) at 50MHz, CCARD=10pF
Clock Duty 45 55 %
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Figure 2-14: Timing Diagram DAT Inputs/Outputs Referenced to CLK in DDR50 Mode

Fpp
: \ ’

CLK J \ /

tisu2x { tiH2x tisu2x | tiH2x
DAT([3:0] ; !
y Invalid Data Invalid Dath Invalid Datg Invalid
input
tODLY2x (max) toDLY2x (max)
topLY2x (min) topLy2x (min)
DAT[3:0] Data Data Data
output 4

In DDR50 mode, DAT[3:0] lines are sampled on both
edges of the clock (not applicable for CMD line)

Available timing window

for card output transition Available timing window

for host to sample data
from card
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Table 2-22: Bus Timings — Parameters Values (DDR50 Mode)

Parameter Symbol | Min Max Unit |Remark

Inputs CMD (referenced to CLK)

Input set-up time tisu 3 - ns |Ccag<10 pF (1 card)

Input hold time tn 0.8 - ns |Ccag<10 pF (1 card)

Outputs CMD (referenced to CLK)

Output Delay time during Data Transfer Mode tooLy 0 13.7 ns [C <30 pF (1 card)

Output hold time ton 1.5 ns [C 215 pF (1 card)

Inputs DAT (referenced to CLK)

Input set-up time tisu2yx 3 - ns |Ccag<10 pF (1 card)

Input hold time tik2x 0.8 - ns |Ccarg<10 pF (1 card)

Outputs DAT (referenced to CLK)

Output Delay time during Data Transfer Mode tobLyax 0 13.7 ns [C <25 pF (1 card)

Output hold time ton2x 1.5 ns [C 215 pF (1 card)
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3 INTERFACE

3.1 Pad Assignment and Descriptions

3.1.1 SD Bus Pin Assignment
Table 3-1: SD Bus Pin Assignment
Pin # SD Mode | SPI Mode

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

Card Detect/ Data Line Chip Select (neg
1 CD/DAT3? | I/0/PP® | [Bit 3] CS N true)
2 CMD 1/O/PP Command/Response DI I Data In
Supply voltage
3 VSS1 S Supply voltage ground VSS S ground
4 VDD S Supply voltage VDD S Supply voltage
5 CLK I Clock SCLK I Clock
Supply voltage
6 Vsso S Supply voltage ground Vsso S ground
7 DATO I/O/PP | Data Line [Bit 0] DO O/PP Data Out
8 DAT1 I/O/PP | Data Line [Bit 1] RSV
9 DAT2 I/O/PP | Data Line [Bit 2] RSV
Notes:

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

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

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 detection, 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
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Table 3-2: Registers

I R E—————————————————————————

CID 128bit  (Card identification number; card individual number for identification. Mandatory

Relative card address; local system address of a card, dynamically suggested by the
RCA'  [16bit card and approved by the host during initialization. Mandatory

DSR 16bit Driver Stage Register; to configure the card's output drivers. Optional

CSD 128bit (Card Specific Data; information about the card operation conditions. Mandatory

SD Configuration Register; information about the SD Memory Card's Special Features
SCR 64bit  [capabilities. Mandatory

OCR 32bit  |Operation conditions register. Mandatory

SSR 512bit |SD Status; information about the card proprietary features. Mandatory

OCR 32bit Card Status; information about the card status. Mandatory

Notes:
1) RCA register is not used (available) in SPI mode
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4 Mechanical Information
Figure 4-1: SD Case Dimensions: 24mm (W) x 32mm (L) x 2.2mm (H)

TD2 > <
TD1 =
T8
v ' 1 g : A
Y 8
| I
A 6
T7 5
E1 - =4 __ | |E
13
SE T1
v 12
. / 1L _11
9
FE — Y
A
T9
»——< FD
<l D B
A
h
L3 |
A
Note: Drawing is not to scale
millimeters inches
Symbol
Typ Min Max Typ Min Max
A 2.100 2.050 2.250 0.0827 0.0807 0.0886
D 32.000 31.900 32.100 1.2598 1.2559 1.2638
24.000 23.900 24.100 0.9449 0.9409 0.9438
E1 15.000 - - 0.5906 - -
FD 4.000 3.900 4100 0.1575 0.1535 0.1614
FE 4.000 3.900 4.100 0.1575 0.1535 0.1614
SE 8.125 - - 0.3198 - -
T1 - 1.400 - - 0.0551 -
T9 - 1.400 - - 0.0551 -
T8 - 0.900 - - 0.0353 -
T7 - 1.100 - - 0.04331 -
TD1 - - 1.600 - - 0.06299
TD2 - 5.000 - - 0.19685 -
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Figure 4-2: SD Dimension Details
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