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1. Introduction

1.1 General Description

SK hynix e-NAND consists of NAND flash and MMC controller.

e-NAND has the built-in intelligent controller which manages interface protocols, wear leveling, bad block management, garbage col-
lection, and ECC. e-NAND protects the data contents from the host sudden power off failure.
e-NAND is compatible with JEDEC standard eMMC5.1 specification.

1.2 Product Line-up

Device Density Part Number NAND Stack PKG Size (mm) Package Type

8GB H26M41208HPRQ 64Gb x 1 11.5x13x0.8
16GB H26M52208FPRQ 64Gb x 2 11.5x13x0.8
AAT 32GB H26M64208EMRQ 64Gb x 4 11.5x13x1.0
64GB H26M78208CMRQ 64Gb x 8 11.5x13x1.0
8GB H26M41208HPRA 64Gb x 1 11.5x13x0.8
16GB H26M52208FPRA 64Gb x 2 11.5x13x0.8
AT 32GB H26M64208EMRA 64Gb x 4 11.5x13x1.0
64GB H26M78208CMRA 64Gb x 8 11.5x13x1.0

8GB H26M41208HPRI 64Gb x 1 11.5x13x0.8 153FBGA
16GB H26M52208FPRI 64Gb x 2 11.5x13x0.8
a 32GB H26M64208EMRI 64Gb x 4 11.5x13x1.0
64GB H26M78208CMRI 64Gb x 8 11.5x13x1.0
8GB H26M41208HPRN 64Gb x 1 11.5x13x0.8
16GB H26M52208FPRN 64Gb x 2 11.5x13x0.8
T 32GB H26M64208EMRN 64Gb x 4 11.5x13x1.0
64GB H26M78208CMRN 64Gb x 8 11.5x13x1.0

AAT (-40°C ~ 105°C) : Automotive grade Automotive Temperature device
AIT (-40°C ~ 85°C) : Automotive grade Industrial Temperature device
IT (-40°C ~ 85°C) : Industrial Temperature device

CT (-25°C ~ 85°C) : Commercial Temperature device
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1.3 Key Features

« eMMC5.1 compatible

! ¢ Supported Features
(Backward compatible to eMMC4.5&eMMC5.0)

- H5400, HS5200

¢ Bus mode - HPI, BKOPS, BKOP operation control
- Data bus width : 1bit(default), 4bits, 8bits - Packed CMD, CMD queuing
- Data transfer rate: up to 400MB/s (HS400) - Cache, Cache barrier, Cache flushing report
- MMC I/F Clock frequency : 0~200MHz - Partitioning, RPMB, RPMB throughput improve

- MMC I/F Boot frequency : 0~52MHz - Discard, Trim, Erase, Sanitize

« Operating Voltage Range - Write protect, Secure write protection

- Vo (NAND) : 2.7V - 3.6V - Lock/Unlock
- Veeq (Controller) : 1.7V - 1.95V / 2.7V ~ 3.6V - PON, Sleep/Awake
- Reliable Write
. T:X}??r?t“:}% L050C. Te MAX =107 - Boot feature, Boot partition
- a) : -400C ~ oC, Tc = oC
! - HW/SW Reset
- AIT(Ta) : -400°C ~ 850C, Tc MAX = 90°C CFi I(/j Fi Undat
- IT(Ta) : -40°C ~ 85°C, Tc MAX = 90°C Ield Armware Update
- CT(Ta) : -25°C ~ 85°C, Tc MAX = 90°C - Configurable driver strength
* The values for Ta and Tc mentioned above are measured - Health(Smart) report
from SK hynix’s test equipment. - Production state awareness
- Secure removal type
¢ Others - Data Strobe pin, Enhanced data strobe
- All products are compliance with the RoHS directive (Bold features are added in eMMC5.1)

- All products are compliance with TS16949 - Do not support Extended Attribute scheme

- AAT/AIT products are compliance with AEC-Q100

Rev 1.8 / Sep. 2020
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2. Package Configurations

2.1 Pin connection

~r R @ T @ m m O O W P

v 2 =X

7

8 9 10 11

[Figure 1] FBGA153 Package Connection (Top view through Package)

Pin number Name Pin number Name Pin number Name Pin number Name
A3 DATO c4 Vssq G10 VSF M5 CMD
A4 DAT1 C6 Veq H5 DS M6 CLK
A5 DAT2 E6 Ve H10 Ve N2 Vesq
A6 Vs E7 Vs 5 Vs N4 Veeq
B2 DAT3 ES VSF J10 Ve N5 Vssg
B3 DAT4 E9 VSF K5 RSTN P3 Veeq
B4 DAT5 E10 VSF K8 Vs P4 Vssq
B5 DAT6 F5 Ve K9 Vee P5 Veeq
B6 DAT7 F10 VSF K10 VSF P6 Vssq
c2 VDDi G5 Vs M4 Veeq P10 VSF

Rev 1.8 / Sep. 2020
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Name Type Ball No. Description
CLK Input M6 Clock: Each cycle directs a 1-bit transfer on the command and DAT lines.
Command:
A bidirectional channel used for device initialization and command transfers.
CMD Input M5 Command has two operating modes:
1) Open-drain for initialization.
2) Push-pull for fast command transfer.
DATO 1/0 A3 Data I/00: Bidirectional channel used for data transfer.
DAT1 1/0 A4 Data I/01: Bidirectional channel used for data transfer.
DAT2 1/0 A5 Data 1I/02: Bidirectional channel used for data transfer.
DAT3 I/0 B2 Data I/03: Bidirectional channel used for data transfer.
DAT4 I/0 B3 Data I/04: Bidirectional channel used for data transfer.
DAT5S I/0 B4 Data I/0O5: Bidirectional channel used for data transfer.
DAT6 1/0 B5 Data 1/06: Bidirectional channel used for data transfer.
DAT7 1/0 B6 Data I/07: Bidirectional channel used for data transfer.
RSTN Input K5 Reset signal pin
Vee Supply E6,F5,J10,K9 Vc: Flash memory I/F and Flash memory power supply.
Veeg Supply C6,M4,N4,P3,P5 Vgt Memory controller core and MMC interface I/O power supply.
Vss Supply A6,E7,G5,H10,15,K8 | Vss: Flash memory I/F and Flash memory ground connection.
Vssq Supply C4,N2,N5,P4,P6 Vssq: Memory controller core and MMC I/F ground connection
VDDi Cc2 VDDi: Connect 0.1uF capacitor from VDDi to ground.
DS Out put H5 DS: Data Strobe
VSF Supply E8,E9,E10,F10, VSF: Vgndor Specific FL_Jnction '
G10, K10, P10 SK hynix use E9, E10 Pin as VSF Pin
RFU Reserved for future use

[Table 1] FBGA153 Ball Description

Rev 1.8 / Sep. 2020
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2.2 Package Mechanical Drawing

2.2,.111.5mm x13.0mm x0.8mm
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[Figure 2] 11.5mm x 13.0mm x 0.8mm Package dimension
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2.2.211.5mm x13.0mm x1.0mm
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[Figure 3] 11.5mm x13.0mm x 1.0mm Package dimension
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3. e-NAND Characteristics

3.1 Performance

e Packed CMD ON (Packed depth=8)

Density Sequential Write Sequential Read Random Write Random Read
(MB/s) (MB/s) (IOPS) (IOPS)
(ggﬁ) 25 200 6K 5K
(1D6§PB) 50 250 10K 5K
(:’)QZI;;PB) 100 250 15K 5K
fggg 100 250 15K 5K

e Packed CMD OFF

Density Sequential Write Sequential Read Random Write Random Read
(MB/s) (MB/s) (IOPS) (IOPS)
(ggg) 25 200 6K 5K
ggf) 50 250 9K 5K
(3Qz§|f) 100 250 9K 5K
(6(;};38) 100 250 9K 5K

e Tool : Device level

e eMMC I/F speed : HS400

e Area : 1GB

¢ Seq. chunk size : 512KB

e Ran. chunk size : 4KB

« Adapted feature : Cache on
e Status : Sustain

* Not 100% tested

Rev 1.8 / Sep. 2020
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3.2 Power

3.2.1 Active Power Consumption During Operation

Density | Iceq
130 (HS200)
8GB (SDP) e (mA % 140 (HS400)
200 (HS200)
Peak (mA) 110 230 (HS400)
130 (HS200
Avg (mA) 100 140 gHS400§
16GB (DDP)
200 (HS200)
Peak (mA) 200 230 (HS400)
130 (HS200
Avg (mA) 180 140 §H54oog
32GB (QDP)
200 (HS200)
Peak (mA) 300 230 (HS400)
130 (HS200
Avg (mA) 180 140 EHS400§
64GB (ODP)
200 (HS200)
Peak (mA) 300 230 (HS400)

e Temperature : 25C

¢ Average current consumption : over a period of 100ms

¢ Peak current consumption : averaged over a period of 20us
e Vcc: 3.3V

e Vccq @ 1.8V

¢ Not 100% tested

Rev 1.8 / Sep. 2020
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3.2.2 Low Power Mode (Idle)

Room Temperature (25C) Hot Temperature (85T) Hot Temperature (105C)
Density
Icc Iccq Icc Iccq Icc Iccq
8GB (SDP) Typ. 50uA Max. 150uA Max. 150uA
16GB (DDP) Typ. 100uA Max. 300uA Max. 300uA
Typ. 150uA Max. 650uA Max. 850uA
32GB (QDP) Typ. 200uA Max. 400uA Max. 400uA
64GB (ODP) Typ. 400uA Max. 500uA Max. 500uA

e 105C data is only for AAT Product
e In Standby Power mode, CTRL Vq & NAND V. power supply is switched on

e No data transaction period before entering sleep status
o Not 100% tested.

3.2.3 Low Power Mode (CMD5 Sleep)

Density Room Temperature (257C) Hot Temperature (85T) Hot Temperature (1057T)
ensi

Icc Iccq Icc Iccq Icc Iccq
8GB (SDP)
16GB (DDP)

0 Typ. 150uA 0 Max. 650uA 0 Max. 850uA

32GB (QDP)
64GB (ODP)

e 105T data is only for AAT Product
o In Sleep state, triggered by CMD5, NAND V. power supply is switched off (CTRL V¢, on)

e Temperature : 25C
o Not 100% tested.

Rev 1.8 / Sep. 2020

12



SK,P

4. e-NAND New features (eMMC5.0 and eMMC5.1)

4.1 eMMC5.0 New features

4.1.1 HS400 mode

e-NAND supports HS400 signaling to achieve a bus speed of 400MB/s via a 200MHz DDR clock frequency. HS400 mode supports only 8-
bit bus width and the 1.8V V4. Due to the speed, the host may need to have an adjustable sampling point to reliably receive the

incoming data (Read Data and CRC Response) with DS pin. e-NAND supports up to 5 Driver Strength.

Drivertype Nominal Approximated driving
valuesp Support L EE B capability compared to Remark
o Type_0
Default Driver Type.
° Mandatory >0 x1 Supports up to 200MHz operation.
1 33Q x 1.5 Supports up to 200MHz operation.
2 669 X 0.75 The wg:akest driver that supports up to 200MHz
Optional Operat|0n.
3 100Q % 0.5 For low noise and low EMI systems.
) Maximal operating frequency is decided by host design.
4 40Q x 1.2

[Table 2] I/0 Driver strength types

Selecting HS_Timing depends on Host I/F speed, default is 0, but all of value can be selected by host.

Value Timing Supportability for e-NAND
0x00 Selecting backward compatibility interface timing Support
0x01 High speed Support
0x02 HS200 Support
0x03 HS400 Support

[Table 3] HS_Timing values

Rev 1.8 / Sep. 2020
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4.1.1.1 Bus timing specification in HS400 mode

Hl HS400 Device input timing

The CMD input timing for HS400 mode is the same as CMD input timing for HS200 mode.

trerion >

vcca
DAT[7-0]
INPUT
MSS....omm
[Figure 4] HS400 Device input timing
Parameter Symbol Min Max Unit Remark
Input CLK
Cycle time data t 5 200MHz(Max), between rising edges with respect
transfer mode PERIOD to V1
Slew rate SR 1.125 V/ns With respect to Viy/Vy
Duty cycle t 0.0 03 Allowable deviation from an ideal 50% duty cycle.
distortion CKDCD : : ns With respect to V. Includes jitter, phase noise
Minimum pulse ;
width P tekmpw 2.2 ns With respect to VT
Input DAT (referenced to CLK)
- Cpevice < 6pF
- t
Input set-up time 1suddr 0.4 ns With respect to Vyy/Vy,
- Cbevice < 6pF
t .
Input hold time THddr 0.4 ns With respect to Vgy/Vy
Slew rate SR 1.125 V/ns With respect to Vin/Vi

[Table 4] HS400 Device input timing

Rev 1.8 / Sep. 2020
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H HS400 Device output timing

Data strobe is for reading data in HS400 mode. Data strobe is toggled only during data read or CRC status response.

'ﬂ teemon ""
veea | |
tosoco
Data V.
Strobe e tosmpw
/ tosoco
MSS .
veea > ;-l—t'“‘ | alron
Vou 1~, ,,,,,,, \ /VUH J‘
OO :- 1 7. | PPBOURIES. | 71 S ORI o SR e R L
OUTPUT WINDOW }‘ WINDOW \
... i oL \
MEE - e J LN O
[Figure 5] HS400 Device output timing
Parameter Symbol Min Max ‘ Unit ‘ Remark
Data Strobe
Cycle time data t 5 200MHz(Max), between rising edges with respect
transfer mode PERIOD to Vp
Slew rate SR 1.125 V/ns With respect to Vgp/Vo, and HS400 reference load
b | Allowable deviation from the input CLK duty cycle
dil;gr?;cne tbspep 0.0 0.2 ns distortion(tckpcp)
With respect to Vt Includes jitter, phase noise
Minimum pulse ;
width P thsMPW 2.0 ns With respect to Vy
5 (One Max value is specified by manufacturer.
- t t
Read pre-amble RPRE 0.4 Clock Cycle) PERIOD | yalue up to infinite is valid.
2.5 (Half Max value is specified by manufacturer.
- t t L .
Read post-amble RPST 0.4 Clock Cycle) PERIOD value up to infinite is valid.
Output DAT (referenced to Data strobe)
Output skew tro 0.4 ns With respect to Vgu/VoL and HS400 reference load
Output hold skew trQH 0.4 ns With respect to Vgu/Vo, and HS400 reference load
Slew rate SR 1.125 V/ns With respect to Vgn/VoL and HS400 reference load

[Table 5] HS400 Device output timing

Rev 1.8 / Sep. 2020
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Parameter Symbol Min Type Max Unit Remark
Pull-up resistance for CMD Remp 4.7 100 Kohm
Pull-up resistance for DATO-7 RpaT 10 100 Kohm
Pull-down resistance for Data strobe Rps 10 100 Kohm
Internal pull up resistance DAT1-DAT7 Rint 10 150 Kohm
Bus signal line capacitance C. 13 pF
Single Device capacitance Chevice 6 pF
[Table 6] HS400 Device input timing
Rev 1.8 / Sep. 2020 16
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H Data Strobe for HS400

Data strobe is Return Clock signal used in HS400 mode. This signal is generated by the device and used for data output and CRC status
response output in HS400 mode. The frequency of this signal follows the frequency of CLK. For data output each cycle of this signal

directs two bits transfer(2x) on the data - one bit for positive edge and the other bit for negative edge. For CRC status response output,
the CRC status is latched on the positive edge only, and don't care on the negative edge. Data strobe signal is toggled only for Data out

and CRC response (Align CMD response as well as CRC response to the DS in eMMC5.1)

CLOCK

Clock Generator

\Z

Y

Adjustable

Sampling
Point

Tuned Clock'

- |

+~CMD Response

Host STROBE h Device

[Figure 6] HS400 Host and Device block diagram

Rev 1.8 / Sep. 2020
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4.1.1.2 HS400 Mode selection

Following JEDEC standard for eMMC5.0, changing bus mode directly from HS200 to HS400 is not allowed. It has a rule for changing bus
width from SDR mode to DDR mode that HS_TIMING must be set to “"0x01"”(HS mode : 52MHz) before setting BUS_WIDTH for DDR oper-
ation. We recommend the HS400 bus mode selection sequence as following.

(eMMCS5.1 has basically same flow, but ‘enhanced strobe feature’ is added. Please refer to 4.2.6 Enhanced strobe)

Entering HS200 mode

A

Set HS200 bit and
Driver Strength value
in HS_TIMING (CMD6)

y

Host may invoke Tuning
Command(CMD21)

A

uning process
completed?

HS200 mode
selection completed

y

SetHS_TIMING to 0x01
(High Speed)

y

Host may changes

Hostchagges frequency to > frequency to
= 52MHz = 200MHz
Set the bus width to HS400 mode
DDR8Bit (CMD®6) selection completed
y
Host may read

Driver Strength (CMD8)

y

SetHS_TIMING to 0x3
(HS400)

Dose device repor
no errors?

No

[Cannot switch to HS400]<*

[Figure 7] HS400 Bus mode selection sequence

[
>
Y

Device busy?

Rev 1.8 / Sep. 2020 18
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1
H EXT_CSD register for Data strobe
o Enhanced Strobe field in BUS_WIDTH [183]
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0
Enhanced Strobe Reserved Bus Mode Selection

BIT[7] : 0: Strobe is provided only during data out and CTC response [Default]
1: Strobe is provided during data out, CRC response and CMD response

The support of STROBE_ENHANCED mode is optional for devices. STROBE_SUPPORT[184] register of EXT_CSD indicates whether a
device supports that mode.

Rev 1.8 / Sep. 2020
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4.1.2 Field firmware update (FFU)

To download a new firmware, the e-NAND requires instruction sequence following JEDEC standard.

SK hynix e-NAND only supports Manual mode (MODE_OPERATION_CODES is not supported). For more details, see as the following
chart and register table given below.

Check whether FFU support ornot:
SUPPORTED_MODES(EXT_CSD[4931)
FW_CONFIG{EXT_CSD[169])

l

EXT_CSD Register setting :
FFU process starts by switching to FFU Mode in MODE_CONFIG(EXT_CSD[30])

|

e-NAND: Mot supported Auto mode | Download New P& | e-NAND : Only support Manual mode
MODE_OPERATION_CODES MODE_OPERATION_CODES
supported l Not supported
Hostsets MODE_OQPERATION_CODESto Hostsets MODE_CONFIG to NORMAL
FFU_INSTALL which automatically sgts MODE_COMNFIG to NORMAL And performs CMDO/HW Reset/Power cycle
After successfully install,
Host checks FFU status and FW version
[Figure 8] FFU flow chart
4.1.2.1 Field F/W update flow - CMD sequence
Operation CMD Remark
Set bus width (1bit or 4bit) Bus width should be 1bit or 4bit
Set block length 512B CMD16, arg : 0x00000200
Enter FFU mode CMD®6, arg : 0x031E0100
Send FW to device(Download) CMD25, arg : OxFFFAFFFO Sending CMD?25 is followed by sending FW data
CMD12 : Stop CMD12, arg : 0x00000000
CMDG6 : Exit FFU mode CMD6, arg : 0x031E0000

CMDO/HW Reset/Power cycle

Re-Init to trans state CMDO, CMD1 ...

Check EXT_CSD[26] : FFU_SUCCESS
Check if FFU is succeeded CMDS8, arg : 0x00000000 If FFU_SUCCESS is 0, FFU is succeeded,

otherwise FFU is failed.
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4.1.2.2 EXT_CSD Register for FFU

Bl SUPPORTED_MODE[493] (Read Only)
BIT[O] : ‘0’ FFU is not supported by the device. ‘1’ FFU is supported by the device.

BIT[1] : *0’ Vendor specific mode (VSM) is not supported by the device. ‘1’ Vendor specific mode is supported by the device.

Bit Field Supportability
Bit[7:2] Reserved -
Bit[1] VSM Not support
Bit[0] FFU Supported

H FFU_FEATURE[492] (Read Only)
BIT[0] : ‘0’ Device does not support MODE_OPERATION_CODES field (Manual mode)

‘1’ Device supports MODE_OPERATION_CODES field (Auto mode)

Bit Field Supportability
Bit[7:1] Reserved -
Bit[0] SUPPORTED_MODE_OPERATION_CODES Not supported

B FF_ARG[490-487] (Read Only)
Using this field the device reports to the host which value the host should set as an argument for read and write commands is FFU mode.

B FF_CONFIG[169] (R/W)
BIT[0] : Update disable

0x0 : FW updates enabled. / 0x01 : FW update disabled permanently

Bit Field Supportability
Bit[7:1] Reserved -
Bit[0] Update disable FW updates enabled (0x0)
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M FFU_STATUS[26] (R/W/E_P)
Using this field the device reports to the host the state of FFU process.

Value Description
0x13 ~ OxFF Reserved
0x12 Error in downloading Firmware
Ox11 Firmware install error
0x10 General error
0x01 ~ OxOF Reserved
0x00 Success

B OPERATION_CODES_TIMEOUT[491](Read Only)

Maximum timeout for the SWITCH command when setting a value to the MODE_OPERATION_CODES field

The register is set to ‘0, because the e-NAND doesn’t support MODE_OPERATION_CODES.

Value Description

Timeout value

0x01 ~ 0x17

MODE_OPERATION_CODES_TIMEOUT = 100us x ZOPERATION_CODES_TIMEOUT

0 (Not defined)

0x18 ~ OxFF Reserved

Bl MODE_OPERATION_CODES[29] (W/E_P)

The host sets the operation to be performed at the selected modes, in case MODE_CONFIGS is set to FFU_MODE, MODE_OPERA-

TION_CODES could have the following values :

Bit Description
0x01 FFU_INSTALL
0x02 FFU_ABOUT

0x00, others Reserved
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4.1.3 Health(Smart) report

Using this feature is for monitoring device status and preventing the error and failure in advance.
Host can check device information with EXT_CSD as the register table given below.

Field CSD slice Description
VENDOR_PROPRIETARY_HEALTH_REPORT [301:270] | Reserved for vendor proprietary health report. (NONE)
DEVICE LIFE TIME ESTTVPE a8 | (zosass] | QTert Nesge T 0 ot manen o fype ACLO T O
PRE_EOL_INFO [267] ;:tc:gz;lmed reserved blocks to notify before reaching the EOL (End of life)
OPTIMAL_TRIM/WRITE_READ. SIZE [264:266] Cl\lf:lf?ér;;rppc;prtli?:rll S(for the device) Erase / Write / Read unit size for the
DEVICE_VERSION [263:262] | Device version
FIRMWARE_VERSION [261:254] | Device FW version

[Table 7] Using EXT_CSD for health report (Read only)
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4.1.4 Production state awareness

This new feature is added for eMMC5.0 JEDEC Spec. to prevent the data break during device soldering. For this feature implementation,
e-NAND supports only manual mode and PRODUCT_STATE_AWARENESS_TIMEOUT is 0x17(maximum). For more detail, see as the flow
chart and register table given below.

Start Host sets Host sets K -
PRODUCTION_STATE_AWA ENALE_PRODUCT AWARE PRE_LOADING DATA S H“ﬁ:stg ttﬁf de:fritci ":;'tt”e iy
RENESS is 0x00 (NORMAL) NESS_ENABLEMENT[17] L 1ZE[25:22] PRODUCTION_ STATE AWRENESS
to PRE_SORDERING_WRITES
Trigger for starting of re-starting the Host sets
processis setting correctly PRODUCTION STATE AWARENESS t If the host erase data, override
PRE_LOADING_DATA_SIZE 0x01 (PRE_SOLDERING_WRITES) o existing data or performed re-
= = = partition during production state
- awareness, it should re-start by re
setting PRE-
Performing pre-soldering data loading and LOADING_DATA_SIZE
device configuration =
Host sets PRODUCTION_STATE_AWARENESS to
0x02 (PRE_SOLDERING_POST_WRITES),
Once transferred to this state the host should not
write content to the device
Device soldering
PRODUC'I'E{i;EfHSJI'gfI'E AWARE Hetodls
NESS_ENABLEMENT are PRDDUCHB}:DTJS(T,%E—,&WL?REN i
clearedthis step and Bit[4] can't
be setto 1’ again
[Figure 9] Production State Awareness manual mode flowchart
Hl PRODUCTION_STATE_AWARENESS_TIMEOUT[218] (Read Only)
This field indicates maximum timeout for the SWITCH command when setting a value to the
PRODUCTION_STATE_AWARENESS[133]field
Value Description Timeout value
0x01 ~ Ox17 Production State Timeout = 100us x 2pRODUCTION_STATE_AWARENESS_TIMEOUT 0x17 (838.86s)
0x18 ~ OxFF Reserved -

Rev 1.8 / Sep. 2020

24



SK,P

Hl PRODUCTION_STATE_AWARENESS[133](R/W/E)
e-NAND doesn't support 0x03 state.

Value Device State Description
0x00 NORMAL (Field) Regular operation
0x01 PRE_SOLDERING_WRITES -
0x02 PRE_SOLDERING_POST WRITES Once transferred to this state the hpst should not write content to
the device
0x03 AUTO_PRE_SOLDERING Not supported
0x04 ~ OxOF Reserved -
0x10 ~ Ox1F Reserved for Vendor Proprietary Usage -

l PRODUCTION_STATE_ENABLEMENT[17]
e-NAND only supports manual mode for PRODUCTION_STATE_AWARENESS

Enablement(R/W/E) Capabilities(R)
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
Production
State Auto mode Manual mode
Reserved Mode Awareness Reserved Supported Supported
enable

Cleared when PRODUCTION_STATE_AWARENESS is charged to
Normal (either automatically or by setting
PRODUCTION_STATE_AWARENESS to Normal)

This bit could be set to ‘1" only
once
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4.1.5 Sleep notification

Host may use to a power off notification when it intends to turn-off V. After moving the device to sleep state. Some features are added
to clarify the spec for entering sleep mode when power off notification is enabled.

H Add the SLEEP_NOTIFICATION on the interruptible Command List

CMD Description Is interruptible?
CMD6 SWITCH, Byte POWER_OFF_NOTIFICATION, Yes
Value POWER_OFF_LONG or SLEEP_NOTIFICATION

Il SLEEP_NOTIFICATION_TIME[216](Read Only)
Maximum timeout for the SWITCH command when notifying the device that it is about to move to sleep state by writing
SLEEP_NOTIFICATION to POWER_OFF_NOTIFICATION[34]byte. (unit : 10us)

Value Description Timeout value
0x01 ~ 0x17 Sleep Notification Timeout = 10us X 2 g/ Egp NOTIFICATION_TIME 0xOE (163.84ms)
0x18 ~ OxFF Reserved -

H POWER_OFF_NOTIFICATION[34]
Add Ox04h for the SLEEP_NOTIFICATION as a valid value
Value Field Description
Host is going to power off the device.
0x03 POWER_OFF_LONG The device shall respond within POWER_OFF_LONG_TIME
Host is going to put device in sleep mode.
0x04 SLEEP_NOTIFICATION The device shall respond within SLEEP_NOTIFICATION_TIME
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4.1.6 Secure removal type

This feature is used for how information is removed from the physical memory during a purge operation.

H Secure Removal Type[16]
Among four options for secure removal type, e-NAND supports only 0x3(0x02,0x1 and 0x0 options are not supported). e-NAND recom-
mends using a vendor defined removal type(type 3).

BIT

Description of Secure
Removal Type

Description

Supportability

BIT[5:4]

Configure Secure Removal
Type (R/W)

0x3

Information removed using a vendor defined

Support

0x2

Information removed by an overwriting the
addressed locations with a character, its
complement, then a random character

0x1

Information removed by an overwriting the
addressed locations with a character followed by
an erase

0x0

Information removed by an erase of the physical
memory

BIT[3:0]

Supported Secure Removal
Type (R)

BIT[3]

Information removed using a vendor defined

Support

BIT[2]

Information removed by an overwriting the
addressed locations with a character, its
complement, then a random character

Not support

BIT[1]

Information removed by an overwriting the
addressed locations with a character followed by
an erase

Not support

BIT[O]

Information removed by an erase of the physical
memory

Not support
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4.2 eMMC5.1 New features
4.2.1 Command queuing

e-NAND manages an internal task queue to which the host can queue data transfer tasks to efficient operate.

4.2.1.1 CMD list for Command queuing

Index Abbreviation Argument Remark
[31] Reliable Write Request
[30] Data Direction (Read=1, Write=0)
Egg?z-ga]gcgr?&ﬁsltl) Encodes parameter which are
CMD44 Queued Task parameter 2 4jForce d Programming necessary for queuing the task and
[23] Priority ( simple =0, high=1) executing the transfer
[20:16] Task ID(31~0)
[15:0] # of BLK
CMD45 Queued Task Address [31:0] Block address for the transaction The host instructs the device to queue
a data transfer task
CMD46 Execute Read Task [20:16] Task ID of the
. In order to execute a data read task
requested task which is must marked as (CMD46) or write task(CMD47) which
CMD47 Execute Write Task ;r:gicslz/efror execution” in the Queue Status is already queued
Device shall discard a specific task or
[31:21] reserved entire queue (all tasks in the queue)
[20:16]: TaskID [20:16] when TM op-code = 2h these
CMD43 CMDQ_TASK_MGMT [15:4]: reserved bits represent TaskID.
[3:0] T™M op-code When TM op-code=1h these bits are
reserved.
Index Abbreviation Argument Remark
EéiISG]QSRCA In case SQS bit = 1: indicate that this is CMD13 of CMD Queue.
CMD13 SEND_STATUS [14] Stuff bits In response device shall send the QSR. In this case HPI bit muse
[0] HPI be set to '0'.
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4.2.1.2 EXT_CSD Register for Command queuing

H CMDQ_SUPPORT[308](Read only)
This field indicates whether command queuing is supported by the device.

BIT[0]: 0: Command queuing is not supported
1: Command queuing is supported

Bit Field Supportability
Bit[7:1] Reserved -
Bit[0] CMDQ Support Supported (0x1)

Hl CMDQ_DEPTH[307](Read only)
This field is used to calculate the depth of the queue supported by the device. The maximum depth allowed by the standard is 32.

The range of allowed Task IDs is 0 through N.

BIT[4:0]: N, a parameter used to calculate the Queue Depth of task queue in the device.
Queue Depth = N+1.

Bit Field CMD queue depth value
Bit[7:5] Reserved -
Bit[4:0] N N=31 (0x1F)

H CMDQ_MODE_EN[15](R/W)
This field is used by the host enable command queuing mechanism if supported by the device.

BIT[0]: 0: Command queuing is disabled. Host should clear the queue empty using CMD48 prior disabling the queue.
1: Command queuing is enabled

Bit Field Supportability
Bit[7:1] Reserved -
Bit[0] CMDQ enable -

To maintain backward compatibility with hosts, which do not support command queuing, when the command queuing is disabled other
functionality of the device is as if the device does not support command queuing.
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4.2.1.3 New register for Command queuing

H QSR (Queue Status Register)

The 32bit QSR carries the state of tasks in the queue at a specific point in time.

The host has read access to this register through device response to SEND_STATUS command(CMD13 with bit[15]="1"), R1's argument
will be the QSR.

Every bit in the QSR represents the task who's ID corresponds to the bit index.
If bit QSR[i]="0’, the queued task with a Task ID i is not ready for execution.
The task may be queued and pending, or the Task ID is unused.

If bit QSR[i]="1’, the queued task with Task ID i is ready for execution.
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4.2.1.4 Command queuing Flows

For enter the CMD Queuing Mode,
CMD_Q_EN(bit[0] of EXT_CSD[15])is setto ‘1’

\

Initially Queue Task is empty, and then HOST issue
a Queuing a Transaction (CMD44+CMD45)

Checking the Queue Status (SEND_STATUS : CMD13)
HOST set the SQS bit = 1, for read the QSR.

The device responds with an R1 with the QSR in its argument.

v

Execution of a Queued Task (CMD46/ CMD47)

| Tazk #lready

Taghk 83 _-_‘_-_‘_"""'-\-\

|.1:J|:|u|-.|‘->_ : P

e
= o | e o Tk
G - [ E\—e |

\d

For end the CMD Queuing Mode,
HOST should clear the Queue Task to be empty, using
CMDA48 before disabling the Queue.
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4.2.2 Cache Barrier

There are cases where the host is not interested in flushing the data right away, however it would like to keep an order between

different cached data.

The flushing can be delayed by the device to some later idle time. Barrier commands avoid the long delay by flush commands.

* Arrival sequence

¢ Flush sequence
Ry | |Ry |[Ry| IRy | [Rs||Rs||Rs||R,
4.2.2.1 EXT_CSD Register for Cache Barrier
Hl BARRIER_SUPPORT[488](Read only)
This field indicates whether the device supports the barrier command.
BIT[7:0]: 0: Barrier command is not supported
1: Barrier command is supported
Bit Field Supportability
Bit[7:0] BARRIER_SUPPORT Supported (0x1)

B FLUSH_CACHE[32](W/E_P)

A barrier command is issued by setting BARRIER bit. All data cached before the barrier shall be flushed to the non-volatile memory

before any request after the barrier command.

Data in the cache shall be flushed to the non-volatile storage by setting the FLUSH bit.

BIT[1]: 0: Reset value
1: Set barrier

BIT[O]: 0: Reset value
1: Triggers the flush

Bit Field Supportability
Bit[7:2] Reserved -
Bit[1] BARRIER -
Bit[0] FLUSH -
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H BARRIER_CTRL[31](R/W)
This field is used by the host enable barrier command mechanism if supported by the device.

BIT[O]: O: Barrier feature is OFF
1: Barrier feature is ON

Bit Field Supportability
Bit[7:1] Reserved -
Bit[0] BARRIER_EN -

4.2.2.2 Cache barrier Flows

1. Support Barrier command
- The device exposes its barrier support capability via the BARRIER_SUPPORT (EXT_CSD byte [486])

2. Enable Barrier command
- The host shall set bit 0 of BARRIER_EN (EXT_CSD byte [31])

3. Cache on
4. Send data

5. Set Barrier
- The host shall set both BARRIER bit and FLUSH bit of the FLUSH_CACHE (EXT_CSD byte [32])
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4.2.3 Cache Flushing Report

For devices which flush cached data in an in-order manner, cache barrier commands are redundant and impose a needless overhead to

the device and host.

4.2.3.1 EXT_CSD Register for Cache Flushing Report

B CACHE_FLUSH_POLICY[240](Read only)

BIT[0]: 0: Device flushing policy is not provided by the device.

1: Device is using a FIFO policy for cache flushing

Bit Field Supportability
Bit[7:1] Reserved -
Bit[0] FIFO Supported (0x01)
4.2.4 BKOP Control

This feature allows the host to indicate to the device if it is expected to periodically manually start background operations by writing to

the BKOPS_START field.

4.2.4.1 EXT_CSD Register for BKOP Control

B BKOP_EN[163](R/W/E, R/W)

BIT[1](R/W/E): 0: Device shall not perform background operations while not servicing the host.
1: Device may perform background operations while not servicing the host.

BIT[0] (R/W): 0: Host does not support background operations handling and is not expected to write to BKOPS_START field.
1: Host is indicating that it shall periodically write to BKOPS_START field to manually start background operations.

Bit Field Supportability
Bit[7:2] Reserved -
Bit[1] AUTO_EN -
Bit[0] MANUAL_EN -
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4.2.5 Secure Write Protection

Any application running on the host may issue write protection by updating fields of write protection related EXT_CSD, like

USER_WP[171], BOOT_WP[173], by issuing CMD6, CMD8, CMD28 and CMD29 (Legacy mode).
However there are weak points in the legacy mode. To prevent un-authorized changes, host should enter the secure write protect mode

e In Secure WP Mode, WP related EXT_CSDs (EXT_CSD[171],[173]) can be updated only if SECURE_WP_MASK fields is 0x1.
e Secureness is provided by allowing only RPMB method to update the register for SECURE_WP_MASK.

e Automatic Write protection mode is added to prevent security hole by power-control security attack.

Read by CMD8

~

SECURE_WP_INFO[211]

update only by RPMB method

\ SECURE_WP_MASK

- . . .

i
|
I
SECURE_WP_EN :
ol

Updated by CMD6 when SECURE_WP_MASK is 0x1.

USER_WP[171]

X

BOOT_WP[173]

All legacy WP related commands works when SECURE_WP_MASK is 0x1.
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4.2.5.1 EXT_CSD Register for Secure Write Protection

B SECURE_WP_INFO[211](Read Only)

The SECURE_WP_SUPPORT field indicates whether the device is supporting secure write protection mode.
The SECURE_WP_EN_STATUS is showing the value of SECURE_WP_EN defined in Authenticated Device Configuration Area.

BIT[1] O: Legacy Write Protection mode
1: Secure Write Protection mode

BIT[0] 0: Secure Write Protection is NOT supported by this device
1: Secure Write Protection is supported by this device

Bit Field Supportability
Bit[7:2] Reserved -
Bit[1] SECURE_WP_EN_STATUS -

Bit[0] SECURE_WP_SUPPROT Supported (0x01)

4.2.5.2 New register for Secure Write Protection

H Authenticated Device Configuration Area

e Hidden register instead of EXT_CSD register for SECURE_WP_MODE_CONFIG, ENABLE.
® Those two SECURE_WP_MODE_CONFIG and SECURE_WP_MODE_ENABLE registers are defined in Device Configuration area, and

those register should be updated only by Authenticated Device Configuration write request. (RPMB)

Name Field Size (Bytes) Cell Type Address
Reserved 253 - [255:3]
Secure Write Protect Configuration SECURE_WP_MODE_CONFIG 1 R/W/E_P [2]
Secure Write Protect Enable SECURE_WP_MODE_ENABLE 1 R/W/E [1]
Reserved 1 [0]
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H Authenticated Device Configuration Area (1) : SECURE_WP_MODE_ENABLE (R/W/E)

The byte is to enter/exit the secure write protection mode.

If host want a device to enter the secure Write Protection mode, host set the SECURE_WP_EN bit as ‘0x1’ in this register using Authen-
ticated Device Configuration Write request. This register can be read using Authenticated Device Configuration Read request. If there are
already write protected groups or write protected boot partitions, those will be preserved when entering or exiting secure Write pro-

tected mode.

Bit [0] 0: Legacy Write Protection mode.
(TMP_WRITE_PROTECT[12], PERM_WRITE_PROTECT[13] is updated by CMD27. USER_WP[171], BOOT_WP[173] and

BOOT_WP_STATUS[174] are updated by CMD6.)
1: Secure Write Protection mode.

(The access to the write protection related EXT_CSD and CSD fields depends on the value of SECURE_WP_MASK bit in
SECURE_WP_MODE_CONFIG field.)

The default value of this field is 0x0.

Bit Field Supportability
Bit[7:1] Reserved -
Bit[0] SECURE_WP_MODE_ENABLE -
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H Authenticated Device Configuration Area (2) : SECURE _WP_MODE_CONFIG (R/W/E_P)

In secure write protected mode, the updatability of USER_WP[171], BOOT_WP[173], TMP_WRITE_PROTECT[12] and PER-
M_WRITE_PROTECT[13] are controlled by this mask value.

Bit [0] O:

Disabling updating WP related EXT_CSD and CSD fields. CMD27 (Program CSD) will generate generic error for setting
TMP_WRITE_PROTECT[12] , PERM_WRITE_PROTECT[13]. CMD6 for updating USER_WP[171], BOOT_WP[173] and
BOOT_WP_STATUS[174] generates SWITCH_ERROR. If a force erase command is issued, the command will fail (Device stays
locked) and the LOCK_UNLOCK_FAILED error bit will be set in the status register. If CMD28 or CMD29 is issued, then generic
error will be occurred. Power-on Write Protected boot partitions will keep protected mode after power failure, H/W reset
assertion and any CMDO reset. The device keeps the current value of BOOT_WP in the EXT_CSD register to be same after

power cycle, H/W reset assertion, and any CMDO reset.

1: Enabling updating WP related EXT_CSD and CSD fields.

(TMP_WRITE_PROTECT[12] , PERM_WRITE_PROTECT[13] , USER_WP[171], BOOT_WP[173] and BOOT_WP_STATUS[174]
are accessed using CMD6, CMD8 and CMD27. If a force erase command is issued and accepted, then ALL THE DEVICE
CONTENT WILL BE ERASED including the PWD and PWD_LEN register content and the locked Device will get unlocked. If a
force erase command is issued and power-on protected or a permanently-write-protected write protect groups exist on the
device, the command will fail (Device stays locked) and the LOCK_UNLOCK_FAILED error bit will be set in the status register.
An attempt to force erase on an unlocked Device will fail and LOCK_UNLOCK_FAILED error bit will be set in the status register.
Write Protection is applied to the WPG indicated by CMD28 with the WP type indicated by the bit[2] and bit[0] of
USER_WP[171]. All temporary WP Groups and power-on Write Protected boot partitions become writable/erasable temporarily

which means write protect type is not changed. All power-on and permanent WP Groups in user area will not become writable/

erasable temporarily. Those temporarily writable/erasable area will become write protected when this bit is cleared to 0x0 by
the host or when there is power failure, H/W reset assertion and any CMDO reset. The device keeps the current value of
BOOT_WP CSD register to be same after power cycle, H/W reset assertion, and any CMDO reset.)

The default value of this field is 0x0.

Bit Field Supportability
Bit[7:1] Reserved -
Bit[0] SECURE_WP_MODE_CONFIG -
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4.2.5.3 RPMB Types for accessing Authenticated Device Configuration Area

Secure WP Enable & Configuration registers are defined in Authenticated Device Configuration Area which only can be accessible by new

RPMB operations.

Request Message Types

0x0001 Authentication key programming request

0x0002 Reading of the Write Counter value —request
0x0003 Authenticated data write request

0x0004 Authenticated data read request

0x0005 Result read request

0x0006 Authenticated Device Configuration Write request
0x0007 Authenticated Device Configuration Read request

Response Message Types

0x0100 Authentication key programming response

0x0200 Reading of the Write Counter value —response
0x0300 Authenticated data write response

0x0400 Authenticated data read response

0x0600 Authenticated Device Contiguration Write response
0x0700 Authenticated Device Configuration Read response
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4.2.6 Enhanced strobe

In Enhanced Strobe mode DATA OUT, CRC Response and CMD Response are all synched to STROBE clocks. The timing relation between
CMD Response output signals and STROBE clocks is the same as defined for DATA Out to STROBE clocks.

Clock Generator CLOCK
.CMD Response R
Host STROBE h Device

[Figure 10] HS400 Host and Device block diagram (when Enhanced Strobe is enabled)
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[Figure 12] Enhanced Strobe signals for CMD Response and Data Out (Write operation)
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[Figure 13] HS400 mode change with Enhanced Strobe
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4.2.6.1 EXT_CSD Register for Enhanced Strobe

l STROBE_SUPPORT[184](Read only)

This register indicates whether a device supports Enhanced Strobe mode for operation modes that STROBE is used for HS400.

BIT[7:0]: 0: Indicates No support of Enhanced Strobe mode
1: Indicates the device supports Enhanced Strobe mode

Bit

Field

Supportability

Bit[7:0]

STROBE_SUPPORT

Supported (0x01)
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4.2.6.2 HS400 mode (Enhanced Strobe) selection

This selection flow describes how to initialize the eMMC device in HS400 mode while enabling Enhanced Strobe without the need for tun-
ing procedure.

After the host initializes the device, host check whether the device supports the HS400 mode and Enhanced Strobe by reading the
DEVICE_TYPE and STROBE_SUPPORT fields in the Extended CSD register.

After power-on or software reset (CMD0), the interface timing of the device is set as the default ‘Backward Compatible Timing'.
In order to switch to HS400 mode with Enhanced Strobe, host should perform the following steps.

SetHS_TIMING to 0x01
(High Speed)

l

Host may changes
Host changes frequency to > frequency to
RN < 200MHz
Set the bus width to
Enhanced Strobe and H5400 Enhanced Strobe
DDREBIt (CMD6) mode selection completed

EXT_CSD[183]=0x86 instead of 0x80

'

Host may read
Driver Strength (CMD8)

'

Set HS_TIMING to 0x3
(HS400)

Dose device report

no errors? No

Yes

Device busy? Cannot switch to H5400

[Figure 14] HS400 Bus mode (Enhanced Strobe) selection flow diagram
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4.2.7 RPMB throughput improvement

This feature is proposed for RPMB write data size to improve the RPMB throughput in eMMC5.1 spec. In the eMMC5.0 spec,
REL_WR_SEC_C[222] register shall be set to 1 (hence the granularity is always 512B.)

- For reliable write to RPMB partition, there is limitation that block count can not exceed the size of REL_WR_SEC_C x 512B. In eMM(5.1,
the supported RPMB write access size is 256B, 512B, and 8KB.

B WRITE_REL_PARAM (EXT_CSD[166]): Read only
When EXT_CSD[166][4] (R) = 0

- Device does not support large RPMB wirte transfer
- The behavior is same as eMMC v5.0 or earlier

When EXT_CSD[166][4] (R) = 1

- Device supports large RPMB wirte transfer
- Host transfers small RPMB write with block count = 1 or 2 (256/512B)
- Host transfers large RPMB write with block count = 32 (8KB)
* the start address should be 8KB aligned, and the transferred data (8KB) is all-new or all-old

Bit Field Supportability
Bit[4] EN_RPMB_REL_WR Supported (0x01)
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5. e-NAND general parameters
5.1 Timing

5.1.1 Bus timing

‘PP .
i PEE. >
e WH }
:I : ¢ ----min (Vig)
CLK 50% V DD*. ! L WL 4.— 50% Vpp
' . : | | ----max (V)
Isu Ul Y e WTHL L JTIE
| i : i ----min (Vig)
Input i Data, Invalid Data |
| | | |
. — : ----max (V)
| |
. 'ODLY 'OSU I OH
> H‘ aa—

| L /- min (Vop)
Output Data i Data i
. --=--max (Vgr)

Data must always be sampled on the rising edge of the clock.

[Figure 15] Timing diagram: data input/output
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Parameter Symbol Min Max Unit Remark
Clock CLK
Clock frequency data transfer mode (PP) fpp 0 52 MHz %é;?qf; +100KHz
Clock frequency identification mode (OD) foo 0 400 KHz Tolerance: +20KHz
Clock high time twH 6.5 ns C_ < 30pF
Clock low time twi 6.5 ns C_<30pF
Clock rise time trLH 3 ns C_<30pF
Clock fall time trH 3 ns C_ < 30pF

Inputs CMD, DAT (referenced to CLK)

Input set-up time tisu 3 ns C_<30pF

Input hold time ti 3 ns C_<30pF

Outputs CMD, DAT (referenced to CLK)

Output delay time during data transfer topLy 13.7 ns C_.<30pF
Output hold time ton 2.5 ns C_<30pF
Signal rise time tRise 3 ns C.=<30pF
Signal fall time traLL 3 ns C_ < 30pF

[Table 9] High-speed e-NAND interface timing

o CLK timing is measured at 50% of VDD.
e e-NAND shall support the full frequency range from 0-26Mhz, or 0-52MHz

e CLK rising and falling times are measured by min (Vi4) and max (Vy).
e Input CMD, DAT rising and falling times are measured by min (Vi) and max (Vy.), and output CMD, DAT rising and falling times

are measured by min (Vo) and max (Vg ).
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Parameter Symbol Min Max Unit Remark
Clock CLK
Clock frequency data transfer mode (PP) fpp 0 26 400 C_ <30 pF
Clock frequency identification mode (OD) foo 0 400 KHz
Clock high time twH 10 ns C_ < 30pF
Clock low time twi 10 ns CL < 30 pF
Clock rise time trn 10 ns CL < 30 pF
Clock fall time trhL 10 ns CL < 30 pF
Inputs CMD, DAT (referenced to CLK)
Input set-up time tisu 3 ns CL < 30 pF
Input hold time tiH 3 ns CL < 30 pF
Outputs CMD, DAT (referenced to CLK)
Output set-up time tosu 11.7 ns CL < 30 pF
Output hold time ton 8.3 ns CL < 30pF

[Table 10] Backward-compatible e-NAND interface timing

o e-NAND must always start with the backward-compatible interface timing. The timing mode can be switched to
high-speed timing by the host sending the switch command (CMD6) with the argument for high speed interface select.

o CLK timing is measured at 50% of VDD.

o CLK rising and falling times are measured by min (Vi) and max (V).

® tosy and toy are defined as values from clock rising edge. However, there may be cards or devices which utilize clock falling edge to
output data in backward compatibility mode.
Therefore, it is recommended for hosts either to set ty, value as long as possible within the range which should not go over
tex-ton(min) in the system or to use slow clock frequency, so that host could have data set up margin for those devices.
In this case, each device which utilizes clock falling edge might show the correlation either between ty, and togy or between

tek and togy for the device.

Rev 1.8 / Sep. 2020



SK’P

5.1.2 Bus timing for DAT Signals During 2x Data Rate Operation

These timings apply to the DAT[7:0] signals only when the device is configured for dual data mode operation. In dual data mode, the

DAT signals operate synchronously of both the rising and the falling edges of CLK.

L pp __
: \ |
: f e It X
(LK )}."’r \.: l.:'.-’ --—-min (Vig)
/i 'Hdar \I\ ‘THddr £ - max (Vi)
- - - '
ISUddy] ! Isvddr ! |
i —- |
- [ “r\!_‘l,'/ roN f_" / by A oo min (Vig)
! 1 i ; I \, | 1
Input ><51 DATA L;-: { DaATA) | DATA ¥ Invalid
IS —.\-_:_?:— h.\ : J: l\_.! \ : =—-=-max (Vo)
I | i
] i
:'om ‘:’rlrl| (max) '[UDLYddl(mﬁl E
| 'ODLY ﬂm{mln] | 'ODLY llqlfuﬂn} |
m—l-l N |
I/ RN F ' - min (V
| 3 I A ! Y I_l( DH)
o <1>( DATA .{Kumn ::H: DATA )<
| 'flJ \l : 'f I 4 ) i -—-max (Vgr)

Tn DDR mode data on [JATJ_?:G] ]ines are sampled on bath edges of the clock
(not apphcable for CMD line)

[Figure 16] Timing diagram: data input/output in dual data rate mode
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Parameter Symbol | Min. ‘ Max. ‘ Unit Remark
Input CLK(1)
Clock duty cycle 45 55 % Includes jitter, phase noise
Clock rise time trn 3 ns CL<30 pF
Clock fail time trHL 3 ns CL<30 pF
Input CMD (referenced to CLK-SDR mode)
Input set-up time tisuddr 3 ns CL<20 pF
Input hold time tiHDDR 3 ns CL<20 pF
Output CMD (referenced to CLK-SDR mode)
Output delay time during data transfer topLy 13.7 ns CL<20 pF
Output hold time ton 2.5 ns CL<20 pF
Signal rise time trise 3 ns CL<20 pF
Signal fall time traLL 3 ns CL<20 pF
Input DAT (referenced to CLK-DDR mode)
Input set-up time tisuddr 2.5 ns CL<20 pF
Input hold time tiHddr 2.5 ns CL<20 pF
Outputs DAT (referenced to CLK-DDR mode)
Output delay time during data transfer topLyddr 1.5 7 ns CL<20 pF
Signal rise time(DAT0-7)(2) trise 2 ns CL<20 pF
Signal fall time (DATO0-7) teaLL 2 ns CL<20 pF

[Table 11] Dual data rate interface timings

o NOTE 1. CLK timing is measured at 50% of VDD.
o NOTE 2. Inputs DAT rising and falling times are measured by min (Vi) and max (Vy,), and outputs CMD, DAT rising and falling

times are measured by min (Vo) and max (Vo)
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5.2 Bus signal

5.2.1 Bus signal line load

The total capacitance C, of each line of e-MMC bus is the sum of the bus master capacitance Cygst, the bus capacitance Cgys itself, and

the capacitance Cpgyice Of the eMMC connected to this line, and requiring the sum of the host and bus capacitances not to exceed 20 pF.

CL = Chost *+ CBus + Cpevice

Parameter Symbol Min Typ Max Unit Remark

PU"'Up resistance for CMD RCMD 4.7 100 Kohm to prevent bus ﬂoating

Pull-up resistance for DAT0-7 Rpat 10 100 Kohm | to prevent bus floating

Internal pull up resistance )

DAT1 - DAT? Rint 10 150 Kohm

Bus signal line capacitance CL 30 pF Single Device

Single Device capacitance Cobevice 6 pF

Maximum signal line 16 nH

inductance fop < 52 MHz
To stabilize regulator output when

0.1 uF target device bus speed mode is either

backward-compatible, high speed

VDDi capacitor value Crec SDR, high speed DDR, or HS200.
To stabilize regulator output when

1 uF target device bus speed mode is

HS400

Veeq decoupling capacitor Chi 1 uF

[Table 12] e-NAND capacitance
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5.2.2 Overshoot / Undershoot specification

S Veeq )
Specification Unit
1.70V - 1.95V
Maximum peak amplitude allowed for overshoot area. Max 0.9 Vv
Maximum peak amplitude allowed for undershoot area. Max 0.9 Vv
Maximum area above Vg Max 1.5 V-ns
Maximum area below Vggq Max 1.5 V-ns
[Table 13] Overshoot / Undershoot specification
Maximum Amplitude
Overshoot Area

Vbba

Volts Vssa
v)

Undershoot Area

Maximum Amplitude

Time (ns)

[Figure 17] Overshoot / Undershoot definition
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5.2.3 Bus Signal levels

As the bus can be supplied with a variable supply voltage, all signal levels are related to the supply voltage.

Input Von ,
High Level / I
Vin
Vi
Input / VoL
Low Level

!

undefined

)

Output
High Level

Output
Low Level

e Open-Drain mode bus signal level

[Figure 18] e-NAND bus signal level

>

Parameter Symbol Min. Max. Unit Conditions
Output high voltage VoH Vpp- 0.2 \ Notel)
Output low voltage VoL 0.3 v IoL = 2mA

[Table 14] Open-Drain signal level

o NOTE 1. Because Voh depends on external resistance value (including outside the package), this value does not apply as device

specification. Host is responsible to choose the external pull-up and open drain resistance value to meet Voh minimum value.
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e Push-Pull mode bus signal level

The device input and output voltages shall be within the following specified ranges for any Vpp of the allowed voltage range

Parameter Symbol Min. Max. Unit Conditions
Output HIGH voltage VoH 0.75 * Vg v Ion = -100pA @ Vg min
Output LOW voltage VoL 0.125 * V¢q \Y IoL = -100pA @ Vq Min
Input HIGH voltage Vin 0.625 * V¢q Veeg + 0.3 v

Input LOW voltage Vi Vgs- 0.3 0.25 * Vq v

[Table 15] Push-Pull signal level 2.7V-3.6V V. range

Parameter Symbol Min. Max. Unit Conditions
Output HIGH voltage Vou Vceq - 0.45V \" Ion = -2mA
Output LOW voltage VoL 0.45V v IoL = -2mA
Input HIGH voltage V4 0.65 * Veq Veeqg + 0.3 \

Input LOW voltage Vi Vgg- 0.3 0.35 * Vg \Y;

[Table 16] Push-pull signal level 1.65V-1.95V V., range
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5.3 Power mode

5.3.1 e-NAND power-up guidelines
e-NAND power-up must adhere to the following guidelines:

® When power-up is initiated, either V¢ or Vq can be ramped up first, or both can be ramped up simultaneously.

o After power up, e-NAND enters the pre-idle state. The power up time of each supply voltage should be less than the specified tPRU
(tPRUH, tPRUL or tPRUV) for the appropriate voltage range.

o If e-NAND does not support boot mode or its BOOT_PARTITION_ENABLE bit is cleared, e-NAND moves immediately to the idle state.
While in the idle state, e-NAND ignores all bus transactions until receiving CMD1.

e-NAND begins boot operation with the argument of OxFFFFFFFA. If boot acknowledge is finished, e-NAND shall send acknowledge
pattern "010” to the host within the specified time. After boot operation is terminated, e-NAND enters the idle state and shall be ready
for CMD1 operation. If e-NAND receives CMD1 in the pre-boot state, it begins to respond to the command and moves to the card
identification mode.

e When e-NAND is initiated by alternative boot command(CMDO with arg=0xFFFFFFFA), all the data will be read from the boot
partition and then e-NAND automatically goes to idle state, but hosts are still required to issue CMDO with arg=0x0000000000 in order
to complete a boot mode properly and move to the idle state. While in the idle state, e-NAND ignores all bus transactions until it
receives CMD1.

e CMD1 is a special synchronization command which is used to negotiate the operating voltage range and poll the device until it is out
of its power-up sequence. In addition to the operating voltage profile of the device, the response to CMD1 contains a busy flag
indicating that the device is still working on its power-up procedure and is not ready for identification. This bit informs the host that the
device is not ready, and the host must wait until this bit is cleared. The device must complete its initialization within 1 second of the first
CMD1 issued with a valid OCR range.

o If the e-NAND device was successfully partitioned during the previous power up session (bit 0 of EXT_CSD byte [155]
PARTITION_SETTING_COMPLETE successfully set) then the initialization delay is (instead of 1s) calculated from INI_TIMEOUT_PA
(EXT_CSD byte [241]). This timeout applies only for the very first initialization after successful partitioning. For all the consecutive
initialization 1sec time out will be applied.

e The bus master moves the device out of the idle state. Because the power-up time and the supply ramp-up time depend on the
application parameters such as the bus length and the power supply unit, the host must ensure that power is built up to the operating
level (the same level that will be specified in CMD1) before CMD1 is transmitted.

e After power-up, the host starts the clock and sends the initializing sequence on the CMD line. The sequence length is the longest of:
1ms, 74 clocks, the supply ramp-up time, or the boot operation period. An additional 10 clocks (beyond the 64 clocks of the power-up
sequence) are provided to eliminate power-up synchronization problems.

® Every bus master must implement CMD1.
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5.3.2 e-NAND Power Cycling

The master can execute any sequence of V. and V4 power-up/power-down. However, the master must not issue any commands until
V¢c and Vg are stable within each operating voltage range. After the slave enters sleep mode, the master can power-down V. to
reduce power consumption. It is necessary for the slave to be ramped up to V. before the host issues CMD5 (SLEEP_AWAKE) to wake

the slave unit.

Supply voltage

) )
Vee (MIN) E L%
{

VeeQ (MIN) |
_____ 4, I SO0 . L
| |
| |
| |
| |
/ | |
, | |
| |
1))
| : i I L Time
| Command input prohibited : | Sleep mode

[Figure 19] e-NAND power cycle

If Ve Or Vq is below 0.5 V for longer than 1 ms, the slave shall always return to the pre-idle state, and perform the appropriate boot

behavior. The slave will behave as in a standard power up condition once the voltages have returned to their functional ranges.
An exception to this behavior is if the device is in sleep state, in which the voltage on V.. is not monitored.
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5.3.3 Leakage

Parameter Symbol Min Max. Unit Remark

BGA -0.5 Veeg+0.5 v

All inputs

Input leakage current

(before initialization sequenceand/or the internalpull up -100 100 HA

resistors connected)

All outputs

Output leakage current (before initialization sequence) -100 100 HA

Output leakage current (after initialization sequence) -2 2 HA

[Table 17] General operation conditions

5.3.4 Power Supply

In e-NAND, V(. is used for the NAND core voltage and NAND interface; V is for the controller core and e-NAND interface voltage
shown in Figure 15. The core regulator is optional and only required when internal core logic voltage is regulated from V4. A Creg

capacitor must be connected to the VDDi terminal to stabilize regulator output on the system.

vCC
VCCQ J
- Core Regulator i~ .
RESErAJ g it e g Control Signals
— vccq:. — L4
iy : I g Memory
Data P cReg$ — 1 -'-..i,
Strobe " - .
oy = Core % Data Bus
cMD = +— logic — o H »
DAT[7:0] = Block =z
MMC Controller

[Figure 20] e-NAND internal power diagram
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e-NAND supports one or more combinations of V. and Vg as shown in Table 18.
The available voltage configuration is shown in Table 19.

Parameter Symbol Min Max. Unit Remark
Supply voltage (NAND) Ve 27 36 v
1.7 1.95 \ Not supported
Supply voltage (I/0) Veeq 27 36 v
1.7 1.95 \"
Supply power-up for 3.3V tprRUH 35 ms
Supply power-up for 1.8V tpruL 25 ms
[Table 18] e-NAND power supply voltage
vccq
1.7V ~ 1,95V 2.7V ~ 3.6V
Ve, 2.7V-3.6V Valid Valid (1)
1.7v-1.95V Not Valid Not Valid

[Table 19] e-NAND voltage combinations

o NOTE 1. VccQ(I/0) 3.3 volt range is not supported in either HS200 or HS400 devices.
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5.4 Connection Guide

H_VC% VCCQ
- . - . - T VDDi
HosT | A7 LLEAELSE L of 2ol a <L < | eMMC
3 I HEEF = T T T T T|©
> SN NN L = +
H_CLK (ROK }—— ik
H_CMD * CMD
H_RSTn L4 RSTn
H_DS DS
H_DATO L g DATO
H_DAT1 ® DAT1
H_DAT2 ® DAT2
H_DAT3 4 DAT3
H_DAT4 ® DAT4
H_DATS5 ® DAT5
H_DAT6 g DAT6
H_DAT?7 @ DAT?7
[Figure 21] Connection guide drawing
Parameter Symbol Min Max | Recommend | Unit Remark
Pull-up resistance for R_CMD 4.7 100 10 kohm Pull-up resistance should be put on CMD line to
CMD prevent bus floating.
Pull-up resistance for R_DAT 10 100 50 kohm Pull-up resstancg should be put on DAT line to
DATO~7 prevent bus floating.
It is not necessary to put pull-up/pull-down
resistance on DS line since DS is internally
Data strobe(DS) R_DS NC NC NC - pulled down. Direct connection to host is
required and please float this pin if it is not
used
Pull-up resistance for It is not necessary to put pull-up resistance on
P RSTh R_RSTn 10 100 50 kohm | RSTn line if host does not use H/W reset.
(Extended CSD register [162] = 0b)
To reduce overshooting/undershooting
Serial resistance on CLK | R_CLK 0 30 27 ohm | Note: If the host uses HS200, we recommend
to remove this resister for better CLK signal
Veeq Capacitor value | CL&C2 | 2.2+10% | 47 | 22+10% | uF | CCUPing cap should be connected with Vecy
closely.
V. capacitor Coupling cap should be connected with V.
value(<8GB) closely.
C3&C4 | 472+10% | 10 4.72+10% UF | Veo /Veq cap. value would be up to Host
V. capacitor requi P
quirement and the application system
value(>8GB) characteristics.
Coupling cap should be connected with VDDi
VDDi capacitor value C5&C6 0 2.2 0.1 uF and Vssq as C|ose|y possib]e_
(Internal Cap : 1uF)

[Table 20] Connection guide specification
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6. e-NAND basic operations

6.1 Partitioning

6.1.1 User density

Boot 1

| Boot 2 |

RPMB

Enhanced GPAP

Default GPAP

Enhanced UDA

Default UDA

FTL Block
Bad Block

| card FW, Boot

Code etc.

T e

H Boot and RPMD partition size

Boot and RPMB partition size can be extended only once by Vendor Command.

—> Area visible from Host

-» User Capacity

Boot1 : Boot Area Partition 1
Boot 2 : Boot Area Partition 2

RPMB : Replay Protected Memory Block Area

GPAP : General Purpose Area Partitions

UDA : User Data Area
(Enhanced: Enhanced Storage Media, Default: Default Storage Media)

[Figure 22] Partition diagram

Density Boot 1,2 partition size RPMB partition size
8GB
16GB Min. 8192KB (8MB)
32GB Max. 32256KB (31.5MB) 4096KB (4MB)
64GB

When you change the Boot partition size, you should set the both of Boot & RPMB partition size.
All existing data is lost by Boot and RPMB Partitioning operation.
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H User density size

Capacity SEC_COUNT Capacity Percentile
868 (0xG0ES0000) P e oL02%
168 (gg '1738556338) 15'76%’129_2’72352) Pytes 91.75%
3268 (0x03A40000) T ey o102%
6468 (0x07670000) Plssnes s253%

® 1sector=512 bytes.

e The total usable capacity of the e-NAND may be less than total physical capacity because a small portion of the capacity is used for
NAND flash management and maintenance purpose.

Hl Maximum enhanced partition size

Enhanced user data area can be configured to store read-centric data such as sensitive data or for other host usage models.
SK hynix e-NAND supports Enhanced User Data Area as SLC Mode. When customer adopts some portion as enhanced user data area in

User Data Area, that area occupies double the size of the original set-up size.

Capacity Max ENH_SIZE_MULTI HC_ERASE_GRP_SIZE HC_WP_GRP_SIZE
8GB 0x0001D2 1h 10h
16GB 0x0003AB 1h 10h
32GB 0x000748 1h 10h
64GB 0x000767 1h 20h

e Max Enhanced Partition Size is defined as MAX_ENH_SIZE_MULT x HC_WP_GRP_SIZE x HC_ERASE_GRP_SIZE x

512KByte.

Capacity Capacity (KB)
8GB 3,817,472
16GB 7,692,288
32GB 15,269,888
64GB 31,047,680
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6.1.2 Erase / Write protect group size

/ Write

Block O

Write
Block 1

Write
Block 3

Write
Block 2

Write \

Block n

Erase Group O

Erase Group 1

Erase Group 2

Erase Group 3

Erase Group n

Wte Protect Group 0

[Write Protect Group 1

[Write Protect Group 2

[Write Protect Group 3

Erase group size
LTS ERASE_GROUP_DEF=0 ERASE_GROUP_DEF=1 LA (IS T D AL
8GB 512KB 512KB 8MB
16GB 512KB 512KB 8MB
32GB 512KB 512KB 8MB
64GB 512KB 512KB 16MB

[Table 21] Erase/Write protect Group size
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6.2 Boot operation

e-NAND supports boot mode and alternative boot mode. e-NAND also, supports high speed timing and dual data rate during boot.

CMD
CMD 1 —| RESP I— CMD 2 I—I RESP |
DATIO] s| o0 |E s| >12bytes | E |
+ CRC
-~
Boot terminated
(4) R 3)
— 1) g—
(4) Min 8 clocks + 48 clocks = 56 clocks required from
r (2) CMD signal high to next MMC Command.
(1) Boot ACK Time (2) Boot Data Time (3) Initialization Time
[Figure 23] e-NAND state diagram (Boot mode)
CMD
cMD 0 | cMp o I |CMD1 —| RESP H cm)zl
DAT[0]
512 byt
s 010 E s | L one | E |
Boot terminated
& (3) Y

Min 74 clocks—) — 1) —

required after

power is stable (2)
to start boot
command

* (1) Boot ACK Time (2) Boot Data Time (3) CMD 1 Time
* CMDO with argument OxFFFFFFFA

[Figure 24] e-NAND state diagram (Alternative boot mode)

Timing Factor Value
(1) Boot ACK Time (Boot Partition) <50 ms
(2) Boot Data Time (Boot Partition) <160 ms
(3) Initialization Time <1 sec

e Initialization time includes partition setting, Please refer to INI_TIMEOUT_AP in 7.4 Extended CSD Register.
Initialization time is completed within 1sec from issuing CMD1 until receiving response.

e The device has to send the acknowledge pattern "010” to the master within 50ms after the CMDO0 with the argument of OxFFFFFFFA is
received.

e For keeping the shortest Boot Data time, please use the PON(Power Off Notification) sequence before the device power off.
(In that case, you can reach the Boot Data Time <30ms)
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7. Time out

Latency Item Value Remark
Write Time out
(CMD To [Over 64KB ~ 512KB] Max 1s No read/program/erase failure case
Write Done)
Write Time out
(CMD To [64KB or Less] Max 500ms No read/program/erase failure case
Write Done)
Write Time out
(Data To Data) Max 500ms
Read Time Out .
(CMD To the first data out) Max 100ms No read/program/erase failure case
Initialization Time Max 1s
Initialization Time Max 3s
(After Partitioning)
Initialization after PON
(Short/long) Max 180ms
Pre-Boot to ACK Max 50ms
Pre-Boot to Boot Data Max 200ms
Partition Switch Max 100ms
CMD6 Switch Max 100ms
CMDS8 time out Max 5ms
Erase
(Erase Group) Max 600ms
Trim
(512B~512KB) Max 600ms
Discard
(512B~512KB) Max 600ms

[Table 22] Time out value
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Latency Item Value Remark
Secure Trim1
Type 0, 1 Max 5.1s Type 0 : information removed by an erase of
(512B~512KB) the physical memory
Secure Trim1
Type 3 Max 600ms Type 1 : information removed by an
(512B~512KB) overwriting the addressed locations

with a character followed by an erase

Secure Erase

Type 0,1 Max 8.1s Type 2 : Not support
(Write Block 512KB)

Secure Erase

Type 3 : information unmapped

Type 3 Max 600ms
(Write Block 512KB)

Sanitize .

(UDA Area) Max 60min
Force Erase .

(UDA Area) Max 3min

HPI Max 50ms

Sliding Window Max 256ms For 256kB randomly write case

PON long includes GC
PON short not include GC

PON Busy Time

(Short/Long) Max 50ms / 1000ms

[Table 22] Time out value (Continue)

® Be advised timeout values specified in table above are for testing purpose under SK hynix test pattern only and actual timeout situations
may vary
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8. Device registers

There are six different registers within the device interface:

¢ Operation conditions register (OCR)

« Card identification register (CID)

« Card specific data register (CSD)

 Relative card address register (RCA)

¢ DSR (Driver Stage Register)

¢ Extended card specific data register (EXT_CSD).

These registers are used for the serial data communication and can be accessed only using the corresponding commands.
e-NAND has a status register to provide information about the current device state and completion codes for the last host command.

8.1 Operation conditions register (OCR)

The 32-bit operation conditions register (OCR) stores the VDD voltage profile of e-NAND and the access mode indication. In addition,
this register includes a status information bit. This status bit is set if e-NAND power up procedure has been finished.

OCR bit Description SK hynix e-NAND

[6:0] Reserved 000 0000b

(7] 1.70 - 1.95V 1b

[14:8] 2.0-2.6 000 0000b
[23:15] 2.7 - 3.6 (High V(¢4 range) 1111 1111 1b
[28:24] Reserved 000 000b
[30:29] Access mode 10b (sector mode)

[31] (card power up status bit (busy))(*

[Table 23] OCR register definition

o NOTE 1. This bit is set to LOW if the card has not finished the power up routine
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8.2 Card identification (CID) register

The card identification (CID) register is 128 bits wide. It contains e-NAND identification information used during e-NAND identification
phase (e-NAND protocol). Every individual e-NAND has a unique identification number. The structure of the CID register is defined in
the following sections.

Name Field Width CID slice CID value Remark
Manufacturer ID MID 8 [127:120] 0X90
Reserved 6 [119:114]
Card/BGA CBX 2 [113:112] 0X1 BGA
OEM/application ID OID 8 [111:104] 0X4A

8GB: 0x483847346132
16GB: 0X484147346132

Product name PNM 48 [103:56] 30GB: 0X484247346132
64GB: 0X484347346132
Product revision PRV 8 [55:48] - 1)
Product serial number PSN 32 [47:16] - 2)
Manufacturing date MDT 8 [15:8] -
CRC7 checksum CRC 7 [7:1] -
Not used, always '1' 1 [0:0] 0X1

1) PRV composed of the revision count of controller and the revision count of F/W patch
2) If PSN is to be used as a Unique ID, a composition PSN and MDT should be used.
Whole CID can also be used to generate a unique ID

[Table 24] Card identification (CID) fields

8.3 Card specific data register (CSD)

The card specific data (CSD) register provides information on how to access e-NAND contents. The CSD defines the data format, error
correction type, maximum data access time, data transfer speed and so on. The programmable part of the register (entries marked by
W or E, see below) can be changed by CMD27. The type of the CSD Registry entries in the Table 25 below is coded as follows:

e R: Read only.

e W: One time programmable and not readable.

o R/W: One time programmable and readable.

e W/E: Multiple writable with value kept after power failure, H/W reset assertion and any CMDO reset and not readable.

o R/W/E: Multiple writable with value kept after power failure, H/W reset assertion and any CMDO reset and readable.

o R/W/C_P: Writable after value cleared by power failure and HW/rest assertion (the value not cleared by CMDO reset) and readable.

o R/W/E_P: Multiple writable with value reset after power failure, H/W reset assertion and any CMDO reset and readable.
e W/E_P: Multiple writable with value reset after power failure, H/W reset assertion and any CMDO reset and not readable.
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Name Field Width | Cell type | CSD slice CSD value Remark
CSD structure CSD_STRUCTURE 2 R [127:126] 0X03
System specification version SPEC_VERS 4 R [125:122] 0X04
Reserved 2 R [121:120] -
Data read access-time 1 TAAC 8 R [119:112] 0X27
Data read access-time 2 in CLK NSAC 8 R [111:104] 0X01
cycles (NSAC*100)
Max. bus clock frequency TRAN_SPEED 8 R [103:96] 0X32
Card command classes Cccc 12 R [95:84] 0X8F5
Max. read data block length READ_BL_LEN 4 R [83:80] 0X09
Partial blocks for read allowed READ_BL_PARTIAL 1 R [79:79] 0X00
Write block misalignment WRITE_BLK_MISALIGN 1 R [78:78] 0X00
Read block misalignment READ_BLK_MISALIGN 1 R [77:77] 0X00
DSR implemented DSR_IMP 1 R [76:76] 0X00
Reserved 2 R [75:74] -
Device size C_SIZE 12 R [73:62] OXFFF
Max. read current @ VDD min VDD_R_CURR_MIN 3 R [61:59] 0X07
Max. read current @ VDD max VDD_R_CURR_MAX 3 R [58:56] 0x07
Max. write current @ VDD min VDD_W_CURR_MIN 3 R [55:53] 0x07
Max. write current @ VDD max VDD_W_CURR_MAX 3 R [52:50] 0x07
Device size multiplier C_SIZE_MULT 3 R [49:47] 0X07
Erase group size ERASE_GRP_SIZE 5 R [46:42] OX1F
Erase group size multiplier ERASE_GRP_MULT 5 R [41:37] O0X1F
Write protect group size WP_GRP_SIZE 5 R 6321 | 8 ﬂéé?g;fﬁw
Write protect group enable WP_GRP_ENABLE 1 R [31:31] 0X01
Manufacturer default ECC DEFAULT_ECC 2 R [30:29] 0X00
Write speed factor R2W_FACTOR 3 R [28:26] 0X02

[Table 25]CSD fields
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Name Field Width | Celltype | CSD slice | CSD value | Remark

Max. write data block length WRITE_BL_LEN 4 R [25:22] 0X09
Partial blocks for write allowed WRITE_BL_PARTIAL 1 R [21:21] 0X00
Reserved 4 R [20:17] -

Content protection application CONTENT_PROT_APP 1 R [16:16] 0X00
File format group FILE_FORMAT_GRP 1 R/W [15:15] 0X00
Copy flag (OTP) COPY 1 R/W [14:14] 0X00
Permanent write protection PERM_WRITE_PROTECT 1 R/W [13:13] 0X00
Temporary write protection TMP_WRITE_PROTECT 1 R/W/E [12:12] 0X00
File format FILE_FORMAT 2 R/W [11:10] 0X00
ECC code ECC 2 R/W/E [9:8] 0X00
CRC CRC 7 R/W/E [7:1] -

Not used, always ‘1’ 1 [0:0] 0Xo01

[Table 25] CSD fields (continued)

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

The Extended CSD register defines e-NAND properties and selected modes. It is 512 bytes long. The most significant 320 bytes are the
Properties segment, which defines e-NAND capabilities and cannot be modified by the host. The lower 192 bytes are the modes
segment, which defines the configuration e-NAND is working in. These modes can be changed by the host by means of the switch

command.
Name Field CSD slice Cell Type CSD value Remark
Properties segment
Reserved [511:506]
Extended Security Commands Error EXT_SECURITY_ERR [505] R 0x00
Supported command sets S_CMD_SET [504] R 0x01
HPI features HPI_FEATURES [503] R 0x01
Background operations support BKOPS_SUPPORT [502] R 0x01
Max packed read commands MAX_PACKED_READS [501] R Ox3F
Max packed write commands MAX_PACKED_WRITES [500] R 0x3F
Data Tag Support DATA_TAG_SUPPORT [499] R 0x01
Tag Unit Size TAG_UNIT_SIZE [498] R 0x00
Tag Resources Size TAG_RES_SIZE [497] R 0x00
Context management capabilities CONTEXT_CAPABILITIES [496] R 0x78
Large Unit size LARGE_UNIT_SIZE_M1 [495] R 0x01
Extended partitions attribute support EXT_SUPPORT [494] R 0x03
Supported modes SUPPORTED_MODES [493] R 0x01
FFU features FFU_FEATURES [492] R 0x00
Operation codes timeout OPERATION_CODE_TIME OUT [491] R 0x00
FFU Argument FFU_ARG [490:487] R OxFFFAFFFO
Barrier support BARRIER_SUPPORT [486] R 0x01
Reserved [485:309] -
CMD Queuing Support CMDQ_SUPPORT [308] R Ox1
CMD Queuing Depth CMDQ_DEPTH [307] Ox1F
Reserved [306] -
E;n;:)aer; r(:]feI:jW sectors correctly Eggﬂsi&h%%FW_SECTORS_CORRECTLY_P [305:302] R 0x00000000
Vendor proprietary health report VENDOR_PROPRIETARY_HEALTH_REPORT [301:270] R - None
[Table 26] Extended CSD
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Name Field CSD slice | Cell Type CSD value Remark
Device life time estimation type B DEVICE_LIFE_TIME_EST_TYP_B [269] R 0x01
Device life time estimation type A DEVICE_LIFE_TIME_EST_TYP_A [268] R 0x01
Pre EOL information PRE_EOL_INFO [267] R 0x01
Optimal read size OPTIMAL_READ_SIZE [266] R 0x40
Optimal write size OPTIMAL_WRITE_SIZE [265] R 0x40
Optimal trim unit size OPTIMAL_TRIM_UNIT_SIZE [264] R 0x07
Device version DEVICE_VERSION [263:262] R - Not fixed
Firmware version FIRMWARE_VERSION [261:254] R - Same to PRV
Power class for 200MHz, DDR
at Vac=3.6V PWR_CL_DDR_200_360 [253] R 0x22
Cache size CACHE_SIZE [252:249] R 0x0000400
Generic CMD6 timeout GENERIC_CMD6_TIME [248] R 0x0A
Power off Notification (long) timeout POWER_OFF_LONG_TIME [247] R 0x64
Background operations status BKOPS_STATUS [246] R 0x00
Number of correctly CORRECTLY_PRG_SECTORS_NUM [245:242] R - Not fixed
programmed sectors
Lst initialization time INI_TIMEOUT_AP [241] R 0X0A
after partitioning
Cache Flushing Policy CACHE_FLUSH_POLICY [240] R 0x01
Power class for 52MHz, DDR
at Vac=3.6V PWR_CL_DDR_52_360 [239] R Ox11
Power class for 52MHz, DDR
at Vac=1.95V PWR_CL_DDR_52_195 [238] R 0x00 Not support
Power class for 200MHz
at Viceg=1.95, Vec=3.6V PWR_CL_200_195 [237] R 0x22
Power class for 200MHz
at Veeq=1.3, Vec=3.6V PWR_CL_200_130 [236] R 0x00 Not support
Minimum write performance
for 8bit at 52MHz in DDR mode MIN_PERF_DDR_W_8_52 [235] R 0x78
Minimum read performance
for 8bit at 52MHz in DDR mode MIN_PERF_DDR R_8_52 [234] R 0x8C
Reserved [233]
TRIM multiplier TRIM_MULT [232] R 0x02
Secure feature support SEC_FEATURE_SUPPORT [231] R 0x55

8GB : 0x19
Secure erase multiplier SEC_ERASE_MULT [230] R 16GB : 0x32
32/64GB : 0x64

Secure TRIM multiplier SEC_TRIM_MULT [229] R 0x0A

[Table 26] Extended CSD(Continued)
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Name Field CSD slice | Cell Type CSD value Remark
Boot information BOOT_INFO [228] R 0x07
Reserved [227] -
Boot partition size BOOT_SIZE_MULTI [226] R 0x40
Access size ACC_SIZE [225] R 0x06
High-capacity erase unit size HC_ERASE_GRP_SIZE [224] R 0x01
High-capacity erase timeout ERASE_TIMEOUT_MULT [223] R 0x02
Reliable write sector count REL_WR_SEC_C [222] R 0x01
- . - ] 8/16/32GB : 0x10
High-capacity write protect group size HC_WP_GRP_SIZE [221] R 64GB: 0x20
Sleep current(Vcc) S_C Vcc [220] R 0x07
Sleep current(Vceq) S_C_Vccq [219] R 0x07
. . PRODUCTION_STATE_
Production state awareness timeout AWARENES S_TIMEOUT [218] R 0x00
Sleep/awake timeout S_A_TIMEOUT [217] R Ox11
Sleep Notification Timeout SLEEP_NOTIFICATION_TIME [216] R 0xO0E
8GB: 0XE90000
. 16GB: 0X1D5C000
Sector count SEC_COUNT [215:212] R 32GB: OX03A40000
64GB: 0X7670000
Secure Write Protect information SECURE_WP_INFO [211] R 0x01
Minimum write performance
for 8bit at52MHz MIN_PERF_W_8_52 [210] R 0x8C
Minimum read performance MIN PERF R 8 52 [209] R 0x8C
for 8bit at 52MHz - - -
Minimum write performance
for 8bit at 26MHz, for 4bit at 52MHz MIN_PERF_W_8_26_4_52 [208] R 0x46
Minimum read performance
for 8bit at 26MHz, for 4bit at 52MHz MIN_PERF_R_8_26_4_52 [207] R 0x46
Minimum write performance
for 4bit at 26MHz MIN_PERF_W_4_26 [206] R Ox1E
Minimum read performance
for 4bit at 26MHz MIN_PERF_R_4_26 [205] R OX1E
Reserved [204]
Power class for 26MHz at 3.6V PWR_CL_26_360 [203] R 0x00
Power class for 52MHz at 3.6V PWR_CL_52_360 [202] R 0x00
Power class for 26MHz at 1.95V PWR_CL_26_195 [201] R 0x00 Not support
Power class for 52MHz at 1.95V PWR_CL_52_195 [200] R 0x00 Not support

[Table 26] Extended CSD(Continued)
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Name Field CSD slice Cell Type | CSD value Remark

Partition switching timing PARTITION_SWITCH_TIME [199] R 0x0A
Out-of-interrupt busy timing OUT_OF_INTERRUPT_TIME [198] R 0x05
1/O Driver Strength DRIVER_STRENGTH [197] R Ox1F
Device type DEVICE_TYPE [196] R 0x57
Reserved [195] -
CSD structure CSD_STRUCTURE [194] R 0x02
Reserved [193] -
Extended CSD revision EXT_CSD_REV [192] R 0x08
Modes Segment

Command set CMD_SET [191] R/W/E_P 0x00
Reserved [190] -
Command set revision CMD_SET_REV [189] R 0x00
Reserved [188] -
Power class POWER_CLASS [187] R/W/E_P 0x00
Reserved [186] -
High-speed interface timing HS_TIMING [185] R/W/E_P 0x00
Strobe Support STROBE_SUPPORT [184] R 0x01
Bus width mode BUS_WIDTH [183] W/E_P 0x00
Reserved [182] -
Erased memory content ERASED_MEM_CONT [181] R 0x00
Reserved [180] -
Partition configuration PARTITION_CONFIG [179] g;\\;vng_glé 0x00
Boot config protection BOOT_CONFIG_PROT [178] E;VV\\//;E_SF: 0x00
Boot bus conditions BOOT_BUS_CONDITIONS [177] R/W/E 0x00
Reserved [176] -
High-density erase group definition ERASE_GROUP_DEF [175] R/W/E_P 0x00
Boot write protection status registers BOOT_WP_STATUS [174] R 0x00
Boot area write protection register BOOT_WP [173] E;VV\\//;E_SF: 0x00
Reserved [172] -

[Table 26] Extended CSD(Continued)
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Name Field CSD slice | Cell Type CSD value Remark
R/W, R/W/
User area write protection register USER_WP [171] C_P&/W/ 0x00
E_P

Reserved [170] -
FW configuration FW_CONFIG [169] R/W 0x00
RPMB Size RPMB_SIZE_MULT [168] R 0x20
Write reliability setting register WR_REL_SET [167] R/W Ox1F
Write reliability parameter register WR_REL_PARAM [166] R 0x15
Sanitize start SANITIZE_START [165] W/E_P 0x00
Manually start background operations BKOPS_START [164] W/E_P 0x00
52i3'§hgigkgr°””d operations BKOPS_EN [163] R/W 0x00
H/W reset function RST_n_FUNCTION [162] R/W 0x00
HPI management HPI_MGMT [161] R/W/E_P 0x00
Partitioning support PARTITIONING_SUPPORT [160] R 0x07

8GB: 0x0001D2
Max enhanced area size MAX_ENH_SIZE_MULT [159:157] R ;ggg g))((ggggﬁ‘g

64GB: 0X000767
Partitions attribute PARTITIONS_ATTRIBUTE [156] R/W 0x00
Partitioning setting PARTITION_SETTING_COMPLETED [155] R/W 0x00
General purpose partition size GP_SIZE_MULT [154:143] R/W 0x00
Enhanced user data area size ENH_SIZE_MULT [142:140] R/W 0x00
Enhanced user data start address ENH_START_ADDR [139:136] R/W 0x00
Reserved [135] -
Bad Block management mode SEC_BAD_BLK_MGMNT [134] R/W 0x00
Production state awareness PRODUCTION_STATE_AWARENESS [133] R/W/E -
Eiﬂ;fc?lfegase Temperature is TCASE_SUPPORT [132] W/E_P 0x00
Periodic Wake-up PERIODIC_WAKEUP [131] R/W/E 0x00
Program CID/CSD in DDR mode support | PROGRAM_CID_CSD_DDR_SUPPORT [130] R 0x00
Reserved [129:128] -
Vendor Specific Fields VENDOR_SPECIFIC_FIELD [127:64] ;’;:gﬁg -

[Table 26] Extended CSD(Continued)
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Name Field CSD slice | Cell Type CSD value Remark
Native sector size NATIVE_SECTOR_SIZE [63] R 0x01
Sector size emulation USE_NATIVE_SECTOR [62] R/W 0x00
Sector size DATA_SECTOR_SIZE [61] R 0x00
iiszteigirtr:ilgggﬁn after disabling sector INI_TIMEOUT EMU [60] R 0X0A
Class 6 commands control Class6_CTRL [59] R/W/E_P 0x00
E:E::; d°f addressed group to be DYNCAP_NEEDED [58] R 0x00
Exception events control EXCEPTION_EVENTS_CTRL [57:56] R/W/E_P 0x00
Exception events status EXCEPTION_EVENTS_STATUS [55:54] R 0x0000
Extended Partitions Attribute EXT_PARTITIONS_ATTRIBUTE [53:52] R/W 0x0000
Context configuration CONTEXT_CONF [51:37] R/W/E_P 0x00...00
Packed command status PACKED_COMMAND_STATUS [36] R 0x00
Packed command failure index PACKED_FAILURE_INDEX [35] R 0x00
Power Off Notification POWER_OFF_NOTIFICATION [34] R/W/E_P 0x00
Control to turn the Cache ON/OFF CACHE_CTRL [33] R/W/E_P 0x00
Flushing of the cache FLUSH_CACHE [32] W/E_P 0x00
Control to turn the barrier ON/OFF | BARRIER_CONTROL [31] R/W 0x00
Mode config MODE_CONFIG [30] R/W/E_P 0x00
Mode operation codes MODE_OPERATION_CODES [29] W/E_P 0x00
Reserved [28:27] -
FFU Status FFU_STATUS [26] R 0x00
Pre loading data size PRE_LOADING_DATA_SIZE [25:22] R/W/E_P 0X00000000
8GB: 0xE90000
Max pre loading data size MAX_PRE_LOADING_DATA_SIZE [21:18] R ;ggg (())))(((());,228888
64GB: 0X7670000
Product state awareness enablement EEXEBECJESIATE—AWARENESS— [17] R/W/E & R 0x01
Only
Secure Removal Type SECURE_REMOVAL_TYPE [16] R/W & R 0x3B support
Type3
Command Queue Mode Enable CMDQ_MODE_EN [15] R/W/E_P 0x00
Reserved [14:0] -
[Table 26] Extended CSD(Continued)
o Reserved bits should read as “0”
o Obsolete values should be don't care
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8.5 RCA (Relative card address)

The writable 16-bit relative card address (RCA) register carries the card address assigned by the host 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 0x0001. The value 0x0000 is reserved to set all cards into the Stand-by State with CMD7.

8.6 DSR (Driver stage register)

It can be optionally used to improve the bus performance for extended operating conditions (depending on parameters like bus length,
transfer rate or number of Devices). The CSD register carries the information about the DSR register usage. The default value of the
DSR register is 0x404.

Rev 1.8 / Sep. 2020 75



