ESMT

F50D2G41KA (2V)

Operation Temperature Condition -40°C~85C

Flash

1.8V 2 Gbit
SPI-NAND Flash Memory

PRODUCT LIST

Parameters Values

Vee 1.8V

Width x1, x2*, x4
Frequency 83/104 MHz
Internal ECC Correction 8-hit

Transfer Rate 9.6ns
Power-up Ready Time 1.5ms (maximum value)
Max Reset Busy Time 1.5ms (maximum value)

Note: 1. x2 PROGRAM operation is not defined.

FEATURES

] Single Power Supply Voltage: 1.7V~1.95V

] Operation Range: 1.7V~1.95V

u Organization

- Page size x1: 2176 bytes (2K + 128 bytes)

- Data Register: (2K + 128) x 8bit

- Block size: 64 pages

- Plane size: 2Gb (1 plane, 2048 blocks per plane)

Automatic Program and Erase

Page Program Size: (2K + 128) Byte
Block Erase Size: (128K + 8K) Byte

User-selectable internal ECC supported

Internal ECC: 8bits /512Byte

Deep Power Down Mode
Boot Read
Access time

- Page Read Time ( from Cell to Register, with Internal

ECC): 130us (Maximum)

Note: 1. Mode 0: CPOL = 0, CPHA = 0; Mode 3:

ORDERING INFORMATION

CPOL=1,CPHA=1

Program/ Erase Speed

- Program time:400us typical

- Block Erase time: 4ms typical

Memory Cell: 1bit/Memory Cell

Support SPI-Mode 0 and SPI-Mode 3"

Hardware Data Protection

- Program/Erase Lockout During Power Transitions

Reliable CMOS Floating Gate Technology

- Endurance: 60K Program/Erase cycles

- Data Retention: 10 years

Command Register Operation

NOP: 4 cycles

OTP Operation

Security

- The first block (Block0) is guaranteed to be a valid
block at the time of shipment with ECC enabled

- Block Protection

- Program/Erase Lockout During Power Transitions

Cache Read

Operating temperature

- Industrial: -40°C to +85°C

Product ID Speed Comments
F50D2G41KA-104YIG2V 104 MHz

8-contact WSON 8x6mm Pb-free
F50D2G41KA-83YIG2V 83 MHz
F50D2G41KA-104YIG2VE 104 MHz )

8-contact WSON (without expose metal pad) 8x6mm Pb-free
F50D2G41KA-83YIG2VE 83 MHz
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ESMT F50D2G41KA (2V)

Operation Temperature Condition -40°C~85C

GENERAL DESCRIPTION

The serial electrical interface follows the industry-standard serial peripheral interface (SPI), providing a cost-effective non-volatile
memory storage solution in systems where pin count must be kept to a minimum. The device is a 2Gb SLC SPI-NAND Flash memory
device based on the standard parallel NAND Flash, but new command protocols and registers are defined for SPI operation. It is also
an alternative to SPI-NOR, offering superior write performance and cost per bit over SPI-NOR.

The command-set resembles common SPI-NOR command set, modified to handle NAND-specific functions and new features. New
features include user-selectable internal ECC. With internal ECC enabled, ECC code is generated internally when a page is written to
the memory array. The ECC code is stored in the spare area of each page. When a page is read to the cache register, the ECC code is
calculated again and compared with the stored value. Errors are corrected if necessary. The device either outputs corrected data or
returns an ECC error status.

The memory is divided into blocks that can be erased independently so it is possible to preserve valid data while old data is erased.
The device contains 2048 blocks, composed by 64 pages consisting in two NAND structures of 32 series connected Flash cells. Each
page consists 2176-Byte and is further divided into a 2048-Byte data storage area with a separate 128-Byte spare area. The 128-Byte
area is typically used for memory and error management.

The pins serve as the ports for signals. This Deice has six signal lines plus Vcc and ground (GND, Vss). The signal lines are SCK
(serial clock), SI (command and data input), SO (response and data output), and control signals CS#, HOLD#, WP#.

Elite Semiconductor Microelectronics Technology Inc. Publication Date: May. 2023
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ESMT F50D2G41KA (2V)

Operation Temperature Condition -40°C~85C

PIN CONFIGURATION (TOP VIEW)

8-Contact WSON
(WSON 8C, 83mmx6 mm Body, 1.27mm Contact Pitch)

L4
cs# 1 [T, 718  vce
so(o) 2 [T, 7|7 HoLD#(109)
WP#(102) 3 [_ T, C7ls sck
vss 4 LT, 75 si@oo

Pin Description

Pin Name Functions

Chip Select (Input)
The device is activated M/deactivated ® as CS# is driven LOW/HIGH.

CS# After power-on, the device requires a falling-edge on CS# before any command can be written. The device
goes to standby mode when no PROGRAM, ERASE, or WRITE STATUS REGISTER operation is in
progress.

Serial Data Output (Output) / 101 (Input/Output)
SO /101 SO transfers data serially out of the device on the falling-edge of SCK. SO must not be driven during x2 or

x4 PROGRAM operation.

Write Protect (Input) / 10, (Input/Output)

WP# is driven LOW to prevent writing the Feature Registers. The WP-E bit in Protection Register controls
the function of WP#, and the other bits in Register can protect a specific portion by hardware. When
WP-E=1, the device is in the Hardware-protection mode that WP# functions as a dedicated active low input
WP# /102 pin for the Write Protect of the device. If WP-E=1 and WP# goes LOW, the device will become READ-only.
When WP-E=0, the device is in the Software-protection mode that only Protection Register can be
protected. WP# functions as a data 1/O pin.

WP# must not be driven during x4 operation; it means Write Protect function is only available for standard
and x2 SPI.

Serial Data Input (Input) / 100 (Input/Output)

Sl transfers data serially into the device. Device latches addresses, commands, and program data in S| on
the rising-edge of SCK.

S| must not be driven during x2 or x4 READ operation.

Hold (Input) / 103 (Input/Output)
HOLD# /103 Hold pauses any serial communication with the device without deselecting it.) When driven LOW, SO is at
high impedance (Hi-Z), and all inputs in Sl and SCK are ignored; CS# also should be driven LOW.

Serial Clock (Input)

SCK provides serial interface timing.
SCK Address, commands, and data in Sl are latched on the rising edge of SCK. Output (data in SO) is triggered
after the falling-edge of SCK.

The clock is valid only when the device is active.“

S1/100

)

Ve Power
ce Vcc is the power supply for device.
Vss® Ground
NG No Connection
Not internally connected.
Note:

1. CS# places the device in active power mode.

2. CS# deselects the device and places SO at high impedance.

3. It means HOLD# input doesn’t terminate any READ, PROGRAM, or ERASE operation currently in progress.

4. Sl and SO can be triggered only when the clock is valid.

5. Connect all Vcc and Vss pins of each device to common power supply outputs. Do not leave Vcc or Vss disconnected.

Elite Semiconductor Microelectronics Technology Inc. Publication Date: May. 2023
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F50D2G41KA (2V)

Operation Temperature Condition -40°C~85C

Block Diagram

HOLDE/! WP# |

SCK SIM100 30711 CS# 103 102
A [ k
Y ¥ r Y
Serial NMAMD controller
[
k.
' Cacne MNAMND
Ve memary memory
. array
Ve
r
ECC and status registers
Functional Block Diagram
— 276 bytes — &
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Cache register r 2048 12843l '.
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Array Organization (Internal ECC=0FF)
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F50D2G41KA (2V)

Operation Temperature Condition -40°C~85C

Cache register

Diata register

2048 Blocks

per device

Addressing

—

— P B

2048 ‘e [t — g
p= ~t /
2048 64 |
" 1page= (2K + 64) bytes
’ 64 Pages = 1 block
8 bits

Array Organization (Internal ECC=ON)

There are two address types used: the column address and the row address. The column address is used to access bytes within a
page. The row address is used to address pages and blocks. There are some functions that may require only row addresses, such as

Block Erase.

LSB«
Page Address: 6 bits+ Column Address: 12 bits+ ﬂ

[ | Row Address: 17 bits

Row Address: 17 bits«

Addressing

- Block Address (2048 blocks/device): 11 bits, RA [16,6]
- Page Address (64 pages/block): 6 bits, RA [5,0]
[ ] Column Address (2112 or 2176 bytes/page): 12 bits, CA [11,0]

Elite Semiconductor Microelectronics Technology Inc. Publication Date: May. 2023
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ESMT F50D2G41KA (2V)

Operation Temperature Condition -40°C~85C

Device Operation

SPI Mode
SPI NAND supports two SPI modes:

(Mode 0) CPOL (clock polarity) = 0, CPHA (clock phase) = 0

(Mode 3) CPOL=1, CPHA=1

Input data is latched in on the rising edge of SCK, and output data is available from the falling edge of SCK for both modes.
For Mode 0, the CLK signal is normally low on the falling and rising edges of CS#. For Mode 3, the CLK signal is normally
high on the falling and rising edges of CS#.

When CS# is high, keep SCK at Vss (Mode 0) or Vcc (Mode 3). Do not begin toggling SCK until after CS# is driven LOW.

CPOL CPHA - o - - o
6 0 sk /| . " o S - L
SCK |
g MSE o LSE |
50— T 1 1% 158 —
cse | [ |
SPI Modes Timing
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ESMT F50D2G41KA (2V)

Operation Temperature Condition -40°C~85C

Hold Mode and HOLD# Timing

HOLD# pin provides a method to pause serial communication with the device but doesn’t terminate any READ, PROGRAM, or ERASE
operation currently in progress.

Hold mode starts at the falling edge of HOLD# provided SCK is also Low. If SCK is high when HOLD# goes Low, hold mode begins
after the next falling edge of SCK. Similarly, hold mode is exited at the rising edge of HOLD# provided SCK is also Low. If SCK is High,
hold mode ends after the next falling edge of SCK. During hold mode, SO is Hi-Z, and Sl and SCK inputs are ignored.

Cs# -\ _ 1
tew | to tic
so | LI\
tHZ [::O th
so Y X O——__X
HOLD#
i, TN
Sl don’t care during Hold operation
HOLD# Timing
(1] 1 2 3 4 5 L] 7 B 9 10 11 12 L. 15 6 7 |al 1w 20 2
e | % |
! Coamimand [1FR) | Acdrads (A0 | Iu.n.-l yie
5l % ) - ‘_J P8 (._s '.-"4:3- NENE r:c \*leh 5 l"T-QL{:& 2
ps MASE MASE
- __,—<l |
ml 18 20 1 23
SCK l R
Cs# | -
lDau byta
si {8 X5) 4-:3521110%’/%{.«%’,?%%%
| WP H —a -
Whe I ] '
Mnon‘t{aﬂo
WP# Timing
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ESMT F50D2G41KA (2V)

Operation Temperature Condition -40°C~85C

COMMAND SET

Function Op Code Address Byte Dummy Byte Data Bytes
BLOCK ERASE D8h 3 0 0
GET FEATUREWYW OFh 1 0 1
SET FEATURE 1Fh 1 0 1
WRITE DISABLE 04h 0 0 0
WRITE ENABLE 06h 0 0 0
PROGRAM LOAD 02h 2 0 1to 2176
PROGRAM LOAD x4® 32h 2 0 1102176
PROGRAM LOAD RANDOM
DATA 84h 2 0 110 2176
PROGRAM LOAD RANDOM
DATA x4®@ 34h 2 0 1to 2176
PROGRAM EXECUTE 10h 3 0 0
PAGE READ 13h 3 0 0
READ FROM CACHE 03h, 0Bh 2 1 1t0 2176
READ FROM CACHE with
4Byte Address oCh 2 3 1102176
READ FROM CACHE x2® 3Bh 2 1 1to0 2176
READ FROM CACHE x2 with
4Byte Address® 3Ch 2 3 1to 2176
READ FROM CACHE x4® 6Bh 2 1 1to 2176
READ FROM CACHE x4 with
4Byte Address® 6Ch 2 3 1to 2176
FAST READ X2 10% BBh 2 1 1to0 2176
FAST READ X2 IO with 4Byte
Address® BCh 2 3 1102176
FAST READ X4 10® EBh 2 2 1to0 2176
FAST RE(ﬁD X4 10 with 4Byte Ech ) 5 110 2176
Address
READ ID 9Fh 1 0 2
RESET FFh 0 0 0
DEEP POWER DOWN entry BYh 0 0 0
DEEP POWER DOWN exit ABh 0 0 0
CACHE READ 31h 0 0 0
LAST PAGE CACHE READ 3Fh 0 0 0
CACHE READ RANDOM
PAGE 30h 3 0 0
Note:

1 Refer to Feature Register.

2. Command/Address is 1-bit input per clock period, data is 4-bit input/output per clock period.

3. Command/Address is 1-bit input per clock period, data is 2-bit output per clock period.

4.  Command is 1-bit input per clock period & Address is 2/4-bit input per clock period, data is 2/4-bit output per clock period.
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ESMT F50D2G41KA (2V)

Operation Temperature Condition -40°C~85C

Feature Operations

Feature Registers are Protection Register (PR), Configuration Register (CR) & Status Register (SR). Each Feature Register is accessed
by the GET FEATURE (OFh) and SET FEATURE (1Fh) commands are used to alter the device behavior from the default power-on
behavior. These commands use a 1-Byte feature address to determine which feature is to be read or modified.

When a feature is set, it remains active until the device is power cycled or the feature is written to. Unless otherwise specified in the
Table below, once the device is set, it remains set, even if a RESET (FFh) command is issued.

Feature Settings Table

Data Bits
Register Acronym | Address
< v 7 6 5 4 3 2 1 0
Protection PR AOh BPRWD BP3 BP2 BP1 BPO T/B-P WP-E SP
Register
Configuration CR BOh OTP-P | OTP-E PR-L ECC-E | Reserved | Reserved | Reserved HD
Register
Status . .
. SR COh Reserved | ECC_S2 | ECC_S1 | ECC_SO P_Fail E_Fail WEL oIP
Register
ggg?:tte?rlver ODR DOh Reserved | DRV_S1 | DRV_SO | Reserved | Reserved | Reserved | Reserved | Reserved
_ 1 2 3 4 5 & 7 8 9 10 1M 12 13 14 15 16 17 18 19 20 2 2 23
SCK _|. [ - ._.I ! I_- W \_r [ I In_,I :._.'. - _.I I._J - ._.'I I._. = \_.. I'_,I Il\_'l [
5% ' , "
Command (0Fh) | 1 byte address |
I 1
-. _:- l.-" LY rT‘-.l.-‘_ o L ¥ e ¥ N/
st ((\ / XX X G XX NI
M3E Data byte
s0 — (—High-Z {7 (s W a )2 ) o — -
) M )
Don'f Coare
GET FEATURE (OFh) Timing
[1] 1 2 3 4 & B T B 4 1 1 12 13 14 15 % 17 18 1 2 21 22 23
1) ] 1 1 [} i I 1 1 | : \ ! BEER i ) "'u
SCK || . | || | ARy | ) )
. \)
o ((\ {
|__ Command (1Fh) R 1 byte address Data byte ]
4 ¥ Y ! e r Y ' "\ i I &Y | ¥
s\ 1 200086000 00008600 7/
MEE M5B
El}m't Care
SET FEATURE (1Fh) Timing
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F50D2G41KA (2V)

Operation Temperature Condition -40°C~85C

Protection Resister (PR, AOh)

Protection Register Setting

AOh Data Bits
Bit 7 6 5 4 3 2 1 0
Block
Péztﬁgifrn Block Block Block Block [Top/Bottom| — WP# Solid
Definition V\?rite Protect3 | Protect2 | Protectl | ProtectO Protect Enable Protection
Disable (BP3) (BP2) (BP1) (BPO) (TB-P) (WP-E) (SP)
(BPRWD)
Shipment 0 1 1 1 1 1 0 0
default
Note:
1. Allbits in AOh are volatile writable.
2. Once BP[3:0], T/B-P, and WP-E bits are set correctly, SP and BPRWD should both be set to “1” to lock the protection in the PR
(Protection Register) until next Power cycle.
3. If BPRWD is enabled and WP# is LOW, then the block protection register (BPO~BP3 and TB-P) cannot be changed.
4. SP bit is for Solid-protection. Once the SP bit sets as 1, the rest of the protection bits (BPx bits, TB-P, WP-E bits) cannot be

changed during the current power cycle.

Write Protection Enable Bit (WP-E)

The Write Protection Enable bit (WP-E) is a volatile read/write bits in the Protection register-1. The WP-E bit, in conjunction with SP
(Solid Protection) & BPRWD (Block Protection Register Write Disable), controls the method of write protection: software protection,
hardware protection, power supply lock-down or one time programmable (OTP) protection, WP# pin functionality, and Quad SPI
operation enable/disable. When WP-E = 0 (default value), the device is in Software Protection mode, WP# & HOLD# pins are
multiplexed as 10 pins. When WP-E is set to 1, the device is in Hardware Protection mode, all Quad functions are disabled and WP# &
HOLD# pins become dedicated control input pins.

Elite Semiconductor Microelectronics Technology Inc.
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ESMT F50D2G41KA (2V)

Operation Temperature Condition -40°C~85C

Solid Protection and Block Protection Register Write Disable Bits (SP, BPRWD)
The Solid Protection and Protection Register Disable Bits (SP, BPRWD) are volatile read/write bits in the Protection register -0 and -7.
These two bits control the method of write protection: software protection, hardware protection, power supply lock-down or one time

programmable (OTP) protection.

Related Protection Bits of Protection Register

Software Protection (Controller, X4 Program/ Read is enable)

WP-E WPH#/ .
BPRWD (7) ) SP (0) 102 Description
0 0 0 X No WP# functionality, and WP# pin will always function as 102
1 0 0 0 PR cannot be changed, and WP# pin will always function as 102
1 0 0 1 PR can be changed, and WP# pin will always function as 102
0 0 1 X PR is locked until next Power cycle, WP# pin will function as 102
1 0 1 X Set PR-L=1is allowed , PR is locked until next Power cycle,
WP# pin will function as 102

Hardware Protection (System Circuit/ PCB layout, X4 Program/ Read is disable)

BPRWD WP-E SP WP#

@) 1) (0) only Description
X 1 0 Vce | PR can be changed
1 1 Vce | PRis locked until next Power cycle
1 1 1 Vce | Set PR-L=1is allowed, PR is locked until next Power cycle
X 1 X Vss All Write operations are blocked, and entire device (Register, Array,

and OTP area) is Read-only

Note:

1. PR means Protection Register.
2. When SP = “1” and BPRWD = “0”, a cycle of power-down to power-up will change the state to SP = “0” and BPRWD = “0”

Elite Semiconductor Microelectronics Technology Inc. Publication Date: May. 2023
Revision: 1.0 11/59
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Operation Temperature Condition -40°C~85C

Block Protection Operation (BPO~BP3, T/B-P)

Blocks can be locked to prevent Program and Erase operations. The users set the range of protection blocks as the entire device or a
portion of the device using the BPO~BP3 bits (bits [6:3] ) in the Feature operation address AOh. The users set the Block Protection bits
by the Set Feature Operation. After the power on sequence, all Block Protection Bits are locked (bits [6:3] are all set to 1).

If the Program Execute (10h) or Block Erase (D8h) command is issued to the protection blocks, Program Fail or Erase Fail (P-Fail ot
E_Fail) will be indicated Feature table.

The users must clear / change the Block Protection bits using Set Feature command to unlock the entire of the device or portion of the
device. When BPRWD bhit is enable and WP # pin is Low, the users cannot switch Block Protection bits (BPO~BP3 and TB-P).

Block Protect Bits of Protection Register

BP3 (6) BP2 (5) BP1 (4) BPO(3) | T/B-P(2) |Protected Blocks
0 0 0 0 X None; all unlocked
0 0 0 0 Upper 1/1024 locked (2046 : 2047)
0 0 1 0 0 Upper 1/512 locked (2044 : 2047)
0 0 1 1 0 Upper 1/256 locked (2040 : 2047)
0 1 0 0 0 Upper 1/128 locked (2032 : 2047)
0 1 0 1 0 Upper 1/64 locked (2016 : 2047)
0 1 1 0 0 Upper 1/32 locked (1984 : 2047)
0 1 1 1 0 Upper 1/16 locked (1920 : 2047)
1 0 0 0 0 Upper 1/8 locked (1792 : 2047)
1 0 0 1 0 Upper 1/4 locked (1536 : 2047)
1 0 1 0 0 Upper 1/2 locked (1024 : 2047)
0 0 0 1 1 Lower 1/1024 locked (0 : 1)
0 0 1 0 1 Lower 1/512 locked (0 : 3)
0 0 1 1 1 Lower 1/256 locked (0 : 7)
0 1 0 0 1 Lower 1/128 locked (0 : 15)
0 1 0 1 Lower 1/64 locked (0 : 31)
0 1 1 0 1 Lower 1/32 locked (0 : 63)
0 1 1 1 1 Lower 1/16 locked (0 : 127)
1 0 0 0 1 Lower 1/8 locked (0 : 255)
1 0 0 1 1 Lower 1/4 locked (0 : 511)
1 0 1 0 1 Lower 1/2 locked (0 : 1023)
1 1 X X X All locked
All Others All locked
Note:

1. X =don’t care
2. Any Erase or Program command for the protected area will be ignored.

Elite Semiconductor Microelectronics Technology Inc. Publication Date: May. 2023
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Configuration Register (CR, BOh)

Configuration Register Setting

BOh Data Bits
Bit 7 6 5 4 3 2 1 0
OTP OoTP Protection
L Pages Pages Register @
Definition Protect Enable® Lock I(Eé\gg_eE) Reserved | Reserved | Reserved HD

(OTP-P) | (OTP-E) | (PR-L)

Shipment

default

Note:

1. To Program/ Read OTP area, OTP-E must be set to “1”.

2. 8-bit internal ECC for all READ and PROGRAM operations can be enabled (ECC enable = 1) or disabled (ECC enable = 0). The
internal ECC is enabled after the power on sequence. The users switch the ECC-E bit (bit [4]) in address BOh of the feature table
to enable or disable the internal ECC. The users set or clear a bit by the Set Feature command. If the ECC-E bit is cleared to 0 in
the feature table, internal ECC will be disabled. In this case, the spare area size is changed from 64 bytes to 128 bytes
automatically. When the users switching the ECC-E bit, the users must issue the Set Feature command just before the Page
Read Operation, Page Program Operation or Block Erase Operation.

One Time Program Protect Bit (OTP-P)

OTP area stores critical data that cannot be changed once it's locked. The OTP area consists of 30 pages of 2,112-Byte each (When
ECC is enable). Only Program command can be issued to the OTP area to change the data from “1” to “0”, and data is not reversible
(“0” to “1”) by the Erase command. Once the correct data is programmed in and verified, the system developer can set OTP-P bitto 1,
so that the entire OTP area will be locked to prevent further alteration to the data.

OTP Access Mode Enable Bit (OTP-E) — Volatile Writable

The OTP-E bit must be set to 1 in order to use the standard Program/Read commands to access the OTP area as well as to read the
Unique ID / Parameter Page information. The default value after power up or a RESET command is O.

Protection Register Lock Bit (PR-L) — OTP lockable

The PR-L lock bit is used to OTP lock the values in the Protection Register (PR). Depending on the settings in the PR, the device can

be configured to have a portion of or up to the entire array to be write-protected, and the setting can be OTP locked by setting PR-L bit
to 1. PR-L bit can only be set to 1 when SP & BPRWD are set to (1,1).

Once the BP0~3, T/BP, WPE bits are set correctly, SP and BPRWD should also be set to “1”s as well to allow PR-L bit being set to “1”
to lock the protection settings in the Protection Register (PR)

Elite Semiconductor Microelectronics Technology Inc. Publication Date: May. 2023
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One time programmable (OTP) Operations

The device offers one-time programmable memory area. Thirty full pages of OTP data are available on the device, and the entire range
is guaranteed to be good.

The OTP area leaves the factory in an unwritten state. The OTP area cannot be erased, whether it is protected or not. Protecting the
OTP area prevents further programming of that area.

To access the OTP area, the user must issue the SET FEATURES command, followed by feature address BOh. When the OTP is ready
to access, pages 00h-1Dh can be programed in ascending order. Please note that no partial-page program is allowed in the OTP area.
A programmed OTP page will be automatically protected.

The PROGRAM LOAD (02h) and PROGRAM EXECUTE (10h) commands can be used to program the pages. Also the PAGE READ
(13h) commands, READ FROM CACHE (03h / 0Bh / 0Ch/ 3Bh / 3Ch / 6Bh/ 6Ch) and FAST READ (BBh / BCh / EBh / ECh) commands
can be used to read the OTP area.

Access OTP area

Issue Set Feature command (1Fh), and Issue the Feature address (BOh)
Set OTP Protect Bit Low (OTP-P) and OTP Enable(OTP-E) Bit High

Issue Program Load (02h)

Issue Program Execute (10h) command. Every page can program only once
Set OTP Enable Bit Low after access OTP area done

grODE

Protect OTP area

1 Issue Set Feature command (1Fh), and Issue the Feature address (BOh)

2. Set OTP Protect Bit (OTP-P) High and OTP Enable Bit High

3. Issue Program Execute command (10h) for OTP area protected

4 Set OTP Protect Bit (OTP-P) Low and OTP Enable Bit (OTP-E) Low after protect OTP area done

Elite Semiconductor Microelectronics Technology Inc. Publication Date: May. 2023
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OTP Area Information

There are 30 pages of OTP Area. Among these pages, one is for Unique ID Page, another one is Parameter Page.

Logical Address Description
00h Unique ID page
01h Parameter page

02h~1Dh Regular OTP pages

OTP Address mapping table

OTP Protect Bit (7) | OTP Enable Bit (6) State
0 0 Normal operation (read array)
0 1 Access OTP area
1 0 Not applicable
1 1 Lock the OTP area

OTP State Bits of Configuration Register

Hold Disable Bit (HD)

When WP-E is “0”, during the Program Load x4 operation (32h/34h), to prevent accidental operation from host to place the Hold Input
(drive Hold# low), Hold Disable (HD) can be set by SET Feature (BOh, OBt ).

While HD bit is "0" (default), during the Program Load x4 operation, HOLD# function still can be enabled before data arriving SI0-3.
HD bit is allowed to be set “1” only when WP-E bit is “0”. While WP-E bit is “0” and HD bit is set "1", Hold Input function as well as WP#
control function are disabled. HD bit returns to “ 0” after next power cycle.
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Parameter Page Data Definitions

The table below lists all the key data byte locations. All other unspecified byte locations have 00h data as default.

Parameter Page Data Structure

Byte Description Value

0-3 Parameter page signature ("O", "N", "F", "I") 4Fh, 4Eh, 46h, 49h

4-5 Revision number 00h, 00h

6-7 Features supported 00h, 00h

8-9 Optional commands supported 06h, 00h

10-31 Reserved All 00h

32-43 Device manufacturer 50h, 4Fh, 57h, 45h, 52h, 43h, 48h, 49h, 50h, 20h, 20h, 20h

44-63 Device mode 50h, 53h, 52h, 32h, 47h, 53h, 32h, 30h, 44h, 4Eh, 20h, 20h, 20h,
20h, 20h, 20h, 20h, 20h, 20h, 20h

64 Manufacturer ID C8h

65-66 Date code 00h, 00h

67-79 Reserved All 00h

80-83 Number of data bytes per page 00h, 08h, 00h, 00h

84-85 Number of spare bytes per page 80h, 00h

86-89 Number of data bytes per partial page 00h, 02h, 00h, 00h

90-91 Number of spare bytes per partial page 20h, 00h

92-95 Number of pages per block 40h, 00h, 00h, 00h

96-99 Number of blocks per unit 00h, 08h, 00h, 00h

100 Number of logical units 01lh

101 Number of address cycles 00h

102 Number of bits per cell 01lh

103-104 Number of maximum bad blocks per unit 28h, 00h

105-106 Block endurance 06h, 04h

107 Guaranteed valid blocks at beginning of target 01lh

108-109 Block endurance of guaranteed valid blocks 00h, 00h

110 Number of partial programs per page 04h

111 Partial programming attributes 00h

112 Number of bits ECC 00h

113 Number of Interleaved address bits 00h

114 Interleaved operation attributes 00h

115-127 Reserved All 00h

128 I/O pin capacitance 08h

129-132 Reserved All 00h

133-134 tPROG (max) 84h, 03h

135-136 tBERS (max) 10h, 27h
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137-138 | tR (max) 82h, 00h
139-140 Reserved All 00h
141-163 Reserved All 00h
164-165 Vendor-specific revision number 00h, 00h
166-179 Reserved All 00h
180-253 Reserved All 00h
254-255 Integrity CRC Set at test
256-511 Values of bytes 0-255 Values of bytes 0-255
512-767 Values of bytes 0-255 Values of bytes 0-255
768+ Additional redundant parameter pages
Elite Semiconductor Microelectronics Technology Inc. Publication Date: May. 2023
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Status Register (SR, COh)

Software can read status register during the NAND device operation by issuing GET FEATURE (OFh) command, followed by the
feature address COh. The status register will output the status of the operation, refer to Table below.

Status Register Setting

COh Data Bits
Bit 7 6 5 4 3 2 1 0
Write .
N . . Operation In
Definition | Reserved | ECC_Status2 | ECC_Statusl | ECC_StatusO | Program_Fail | Erase_Fail | Enable
Progress
Latch
Shipment
default 0 0 0 0 0 0 0 0

Bits of Status Register

Bit Name Mode | Description

P_Fail is set to 1 as a program failure has occurred. P_Fail = 1 will also be
set if the user attempts to program an invalid address or a locked region.
P_Fail is set to 0 during the PROGRAM EXECUTE command
sequence or the RESET command.

Program fail (Bit 3) R

E_Fail is setto 1 as an erase failure has occurred. E_Fail = 1 will also be
set if the user attempts to erase a locked region, or if ERASE operation
Erase fail (Bit 2) R fails.

E_Fail is set to 0 at the start of the BLOCK ERASE command
sequence or the RESET command.

This bit indicates the status of write enable/disable. O:

Write Disable (Default)

1: Write Enable

WEL must be set to 1 to indicate the current status of the write enable,
prior to issuing PROGRAM EXECUTE or BLOCK ERASE command. It is
set by issuing WRITE ENABLE (06h) command. WEL is disabled
(WEL=0) by issuing the WRITE DISABLE

command (04h).

Write enable latch (Bitl) W

OIP is set to 1 when the device is busy; it means a PROGRAM EXECUTE,
Operation in progress PAGE READ, BLOCK ERASE, CACHE READ, LAST

(Bit 0) PAGE CACHE READ or RESET command is executing. OIP is cleared to O
as the interface is in ready state.

ECC_S is set to 00h either following a RESET, or at the beginning of the

ECC_StatusO (Bit 4) READ. It is then updated after the device completes a valid READ

ECC_Status; (B?t 5) R operation.
ECC_Status2 (Bit 6) The ECC Status bits values are don’t care if ECC-E=0.
Elite Semiconductor Microelectronics Technology Inc. Publication Date: May. 2023
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ECC Status Bits of Status Register

ECC_S2 | ECC_S1 | ECC_SO Description
(Bit6) (Bit5) (Bit4)

0 0 0 No errors

0 0 1 1-3 bit error detected and corrected

0 1 0 9-bits or more than 9-bits errors detected and not corrected
0 1 1 4-6 bit error detected and corrected

1 0 1 7-8 bit error detected and corrected

1 0 0 Reserved

1 1 0 Reserved

1 1 1 Reserved

Output Driver Resister (DR, DOh)

Output Driver Register Setting

DOh Data Bits
Bit 7 6 5 4 3 2 1 0
Definition | Reserved | Driver_Strengthl | Deiver_StrengthO | Reserved | Reserved | Reserved | Reserved | Reserved
Shipment
0 0 1 0 0 0 0 0
default

Driver Strength Bits of Output Driver Register

DRV_S1 (6) DRV_SO0 (5) Driver Strength
0 0 100%
0 75%
1 0 50%
1 1 25%

Elite Semiconductor Microelectronics Technology Inc.
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Operations and Timing Diagrams

WRITE ENABLE and WRITE DISABLE (06h and 04h)

The WRITE ENABLE (06h) command sets the WEL bit (in status register) to 1. This is required in the following WRITE operations that
change the contents of the memory array: PAGE PROGRAM, BLOCK ERASE, and OTP PROGRAM.

Contrarily, the WRITE DISABLE (04h) command sets the WEL bit to 0. This disables PAGE PROGRAM, BLOCK ERASE, and OTP
PROGRAM.

Command (06h)

5' - ..'_."‘-__ ,-"' __1\ ._,."' ) )
Ll ! J \ L
WRITE ENABLE (06h) Timing
_ o 1 2 3 4 5 6 ?1
SCK | :—] Ly “I_lI '._, '._|I " _I —,': :_
CSH | :I \‘-.I I T
B Cormmand (Dd)
5' I:: |l IL J,-' L ¥, Ij.
WRITE DISABLE (04h) Timing
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PAGE READ (13h), READ FROM CACHE (03h or 0Bh) and Serial Output Timing

The command sequence is follows:

° 13h (PAGE READ to cache)
) OFh (GET FEATURE command to read the status)
) 0Bh or 03h (READ FROM CACHE x1) ; 0Ch ( Read from CACHE x1 with 4 Bytes address)
3Bh (READ FROM CACHE x2) ; 3Ch (Read from CACHE x2 with 4 Bytes address)
6Bh (READ FROM CACHE x4) ; 6Ch (Read from CACHE x4 with 4 Bytes address)
BBh (Fast Read x2 10) ; BCh (Fast Read x2 10 with 4 Bytes address)
EBh (Fast Read x4 10) ; ECh (Fast Read x 10 with 4 Bytes address)

PAGE READ (13h) command requires 24-bit address with 7 dummy and a 17-bit row address. After row address is registered, the
device starts the transfer from the main array to the cache register, and is busy for tR time. During this time, GET FEATURE command
can be issued to monitor the status of the operation. Following a status of successful completion, READ FROM CACHE command
must be issued to read the data out of the cache.

READ FROM CACHE (03h or 0Bh) command requires 16-bit address with 4 dummy bits and a 12-bit column address for the starting
byte. The starting byte can be 0 to 2175, but after the end of the cache register is reached, the data does not wrap around and SO goes
to a Hi-Z state.

BBh and BCh command allow for improved random access while maintaining two 10 pins: Sl and SO. It is similar to 3Bh command but
with the capability to input Column Address or dummy clocks two bits per clock.

The data output sequence will start from the location specified by the Column Address input and continue to the end of the Page. Once
the last byte of data is output, both SI (SO0) and SO (SO1) will become Hi-Z.

001 @ 3 & 5 6 T 08 B W N W OE WA W W ENgBEHS
\(K'[::::-.:.':' [ |
1.:=: ' |

| [ — i [13h1 | P —yy |

| "rﬂ a1’y ";I:-:-':.-__lﬁ"'-:w oy e g e e e e s { &
50 —HighI :
DM E K TN W w 1 2 31 4 5 & B o8 om 11 12 13 14 %

Juprui g

1
GET FEATURES (0P} Srat.s regivter addoes (D3]

sl

sk |

FRNPEEFESEE. FRFEIEE

Satuy regivter dats ook Statuy reg itk dats out

e s A E N ey

s W e —— L —
.I... - o L 4 L

PAGE READ (13h) Timing
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WL WH

A

-~
~
e =
~
-
~
i
s 8

CS#

% Don‘t Care

Serial Output Timing

0 1 2 3 4 S & 7 L] 9 1" 12 3 W 15 ¥ 77 B9 0 N 2 » 2!])5
e s aatatalatalala¥aati¥alatata¥ala¥a¥a¥alala N
( S T B U O | )‘.."..“A..'u'.vu)'..".'!,"""v.".,"..r"~l:\
(SI“'\\ I
Command (03h o 082) i 4 dumewy Bits L 12-0 codurmn addren _l‘tao.mh«
>, il

SO 1 High 2

9 ¥ o iy - Fe N T\ SNV "\
s {{\ ' (NN DO DOOL (()—-—i\—
0
I
I

B,oW|B % 0 B PPN RB MK TR 1740 17
i« 1 H'l"—‘- AVAVASRVAVAUACAUAVAVASAVANRE/ LI SAVAVAVAVAYR J (!
l
cse [ N R
I 1 duerrryy byte I l J
s (O— T A U T e
| Data out | Dats out 2176 r
0t DEOOOOEEAND ;./D@@CCK)@
E] [7] Doy Caew
READ FROM CACHE (03h or 0Bh) Timing
Note:
When internal ECC is turned OFF, the maximum output data size is 2176 Bytes.
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READ FROM CACHE with 4Byte Address (OCh)

The Read from CACHE with 4 Byte address instruction allows one or more data bytes to be sequentially read from the Data Buffer after
executing the Page Read instruction. The Read instruction is initiated by driving the CS# pin low and then shifting the instruction code
“OCh” followed by the 16-bit Column Address and 24-bit dummy clocks into the S| pin. After the address is received, the data byte of
the addressed Data Buffer location will be shifted out on the SO pin at the falling edge of SCK with most significant bit (MSB) first. The
address is automatically incremented to the next higher address after each byte of data is shifted out allowing for a continuous stream
of data. The instruction is completed by driving CS# high.

0 1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 16 17 18 19 20 21 22 23 24 | 25
1 — M o/ T — O~/ —
SCK |..l ': Ilu .|I II| JI Il |II Il. |II I'. 'I Ill .II Il I ! |II I'. .II II. .rll. ] II| .|I IIL |II I'. .'I Ilu .|I II| JII I'. |II I'. .II I'. .II II| .'I Il III I'. III II II II' | .|I II|
. |
cst ([ |
Camrmand @Ch) A dummy bits | 12-bit column address | 3 cILmI*urT'rj.r byte
I T T
A i /
MSB |
50 1 { High-Z I
23 24 | 25 26 27 45 46 47 48 49 S0 51 5% 5% 54 55 17455
SCK F II_|I |I'_|I I'_|' I'_'II \I .3 |I_|' BN E '_Il ll_ll |I_|I ||_|' |_|' |'_|| ||_|I ] "_:I :'l_| I'_'I| |’_I| |I_|I '—|| M "_|| I'_II I'_ \:' .:I
— ! I-l—’ II—II II_.I [ I._II II_‘I T N O B T I._II In_l ] I._II |_|I L ._II [ I | I_II Il_ll II_.I [ R |_L =
s | (| R )
| Sdummy byte
St {0 —] ) ) 1 f/f?/fyﬁf’/fffzy//ﬁ’/fyﬁ,% E/f’fzy 7 f’,-;"(' v
L WSSy AR SN NS SN SNSRE NS EN S A
I N Data out 1 _ _ Data out 2176 _
; 3 =, ﬁ \;— hfa=n) y
50 | High-Z {1 7 6 EX 4 ¥ 3 X /_2:-: ?KEKSx4x3:¢2}{1()’.____0{3—|-\3—
MSB MSE

1]

E Don't Care

READ FROM CACHE with 4Byte Address (OCh) Timing
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READ FROM CACHE x2 (3Bh)

Read from CACHEX2 (3Bh) instruction is similar to the standard Read from CACHEXx1 (0Bh) instruction except that data is output on
two pins; Sl (I00) and SO (101). This allows data to be transferred at twice the rate of standard SPI devices.

The Read from CACHE x2 data output sequence will start from the Data Buffer location specified by the 16-bit Column Address and
continue to the end of the Data Buffer. Once the last byte of data is output, the output pin will become Hi-Z state.

0 1 2 3 4 5 [ 7 8 9 m 11 12 13 14 15 16 17 18 19 20 21 22 23 24 | 25
= 4 e e i —
I \ I I . rl'. .ill_u f U .'I I'. FU ||I | .'I | .'I I'u [ U .'I I'. I_‘ -'I II' | | II.

I
| Command (3Bh) delummy bits 12-bit column address 1 dummy byte

N/ eeesnEEEOOOOOm0m——
MSE

|
|
|
1]

SO 1 High-Z
2 2 | 25 26 27 28 20 30 31 32 33 34 35 36 37 38 30 @7vov .. 8735
1 1 ! 'm | ™ o’ —y [ y f (] 1 = = = Foq r — o o ]
sck _, I|—|II II-I—lII II-—III III—-II Ill_llr Ill_lII I'._III II._.II --l_ll III_III III_III II'_III --_III II._III ]I|_|II II_III J-n_nll I:I E--I_nll Ill_llr III_III I'_nll -:_.II Ill_.'l II|_|I III_II -l—\l}v—
Cs# | )) L )
I
! | 1 dummy byte Ve 5l switches from input to output
-~ (10 &
51 | 2080 0000800800080 N
- DG %
50— —wonz 20008000 XD
IJ.I__| Data out 1 Data cut 2 Data out 2175 Data out 2176
READ FROM CACHE x2 (3Bh) Timing
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READ FROM CACHE x2 with 4Byte Address (3Ch)

The Read from CACHEX2 with 4 Bytes address instruction is initiated by driving the CS# pin low and then shifting the instruction code
“3Ch” followed by the 16-bit Column Address and 24-bit dummy clocks into the Sl pin. After the address is received, the data byte of
the addressed Data Buffer location will be shifted out on the SO and Sl pin. Once the last byte of data is output, the output pin will
become Hi-Z state.

1] 1 2 3 4 5 [ 8 g 10 11 12 13 14 15 16 17 18 19 21 22 23 24 | 25
3y | A e T | — — ™ —/ —/ 1 1 '
SCK I: E I'. .II II| JI \ |II Il. |II I'. .'I Ilu .II \ l |II I'. .II | .r‘l'. .ill_l | Ill |II Il. .'I I'. .II II| JII Il. |II I'. .'I I'. .'I I'n J |II I'. .'I I'. ur‘u ] II' | .'I Ilu
csi [\ |
| Command (3Chy delummy bits 12-bit column address 3 clu;nmy byte
f
MSB |
1) . |
509 High-Z |
23 24 | 25 26 27 - 45 46 48 49 50 51 5% 53 54 55 8]‘.-"43 8751
e o T e B e n ™M o N ] [ (I I I
sck _; II_III I'-I—’II I'-_I'I I'._.'I III_': ::_III '._.'I I'._. [ Ill_ll I||_|' II_;'I __.'I I'._n' Il_nll I'_.I J_._.'I il “I_.'I I'|_| \ _|'I ;.'I I'._'I I'l_ll I'|_|I Lo :]—
B I 1)
CS# | [ (( ((
! | 3 dumimy byte e 5l switches from input to output
| 1) ) ))
s | & 3000 006060080 080N
| . B V)
0z 200006600 606000000
Ii| Data out 1 Data out 2 Dataout 2175 Data out 2176

READ FROM CACHE x2 with 4Byte Address (3Ch) Timing
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READ FROM CACHE x4 (6Bh)

Read from CACHEXx4 (6Bh) instruction is similar to the standard Read from CACHEX2 (3Bh) instruction except that data is output on 4
pins; 100, 101, 102 and 103. This allows data to be transferred at twice the rate of standard SPI devices.

0 1 2 3 4 5 6 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 | 25
Y | Y e A e A S B A B 1 Ny 1y 1y 1y —
SCK ': 2 I'. | o I I'. | \ r | | 'I I'. I'. P .'I L .'I I'. .'I LW U .'I I'. .'I LU I'- l \ -II II- | -II I'.
sk | |
I
‘ Command (GEh) | A durmmy bits | 12-bit column address | 1 dummy byte
f } } |
VN TN SN S
SO0 LLY

"

|
|
|
bdid High-Z |
|
?g?_m#’r High | High-Z i
23 2 | 5 26 27 28 29 30 31 32 33 34 35 3w 37 38 39
SCK _‘J— I'._.'I'—I' ,_1_II'_I'|_'I'_I'|_lI’_|Il_.'|—||',_ll'—l'._lll_|'|_lll_|__|_|'|_|II_.'I_|_,'I—|II II'_|_:_ 'I'_I'|_.'I_|._.'I'_|I' 'I'___l_ll_':] th
|
cs# | 0,
| 1 dummy byte e sl mlfitches 'fror'!ﬂ input to c||L|'t|:|L|'t
500 _ : DO 0.0 00 O.0 @O
- 0 6060060 ahal
|
|
|I|| Byte 1 Byte 2 Byte 3 Byte 4

READ FROM CACHE x4 (6Bh) Timing
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READ FROM CACHE x4 with 4Byte Address (6Ch)

0 1 2 3 4 5 3 7 8 e 1 112 1z 14 1% 1. 17 18 19 20 21 22 23 24 | 25
Y oy T M mEE. e T e T e T T e Y e T e A e T e A e A | .
SCK i'g I I'. .'I II| JI Ill JI Il |II I'. .'I I'. II II| r Il |II I'. .'I I'. .‘[_‘I'. Pl .'I Ilu JI Ill .'I II. .'I I'u .II Ill JI Il |II II. .'I I'. .'I IIl .'I Il III I' l | A | -'I II
cst [\ |
Cormmand rachy | 4 dummy bits | 12-bit column address | 3dl.|mlrr1‘,r byte

I T T d
SV T/
500 LU/ |
81 e }
‘;”OPZ”’ High-Z |
?83"9#’ High } High-Z i

23 2 | 2 26 27 \ 45 46 47 43 49 1 81 2 3 54 5E -

' 1 1 ™ 1 i i — — '—| — 1 — [
SCK _.r WA ._l_'l I'._.'I ,II_.I, ||‘_E| ":_.'I |I_‘|I I._.'I'_I'l_,'l ||4|| 4: \ T | I'._.'I _.'I W, T ( [+
cs# | I N

I I I
- I #dummy byte - 51 switches from input to output
Y/ — Yy ]
500 | ¢ 2.0 0000 0.0 «NC;
SO/ | _ 1) T )
502 | | !
| Byte 1 Byte 2 Byte 3 Byte 4
READ FROM CACHE x4 with 4Byte Address (6Ch) Timing
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FAST READ x2 I/0 (BBh)

The Fast Read Dual I/O (BBh) instruction allows for improved random access while maintaining two 10 pins, 100 and I01. It is similar to
the Read from CACHEX2 (3Bh) instruction but with the capability to input the Column Address or the dummy clocks two bits per clock.
This reduced instruction overhead may allow for code execution (XIP) directly from the Dual SPI in some applications.

0 1 2 3 4 5 [ 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Y (T e A e T e N e S | — — 1 — oy o 1 f 1 N | I 1
SCK (3 .rlu _II II| JI \ |II I|_ |II I'. _|I II _|I L I |'I Il. .'I I', ,rl'. .rlll _|I Ill |II Il. .'I II. .||'_I JII Il. |II I'. ||I I'. .ll "|_|I Ill_lll Ill_llr Ill_lll ) I'._IIr lll_lII I'_nll J-._.II ( g_
T 3
C5# ( ( N { i_
Command (BBh) ddummy bits +12-bit column address 4dummy clocks S| switches frorln input to output
)T ! P | Y
sl N/ Xy o) e s X XXX X A EEEEX D@
o ———uanz HEOOOOOTOOOOREOEDEE®®@A)
Data out 1 Data out 2
FAST READ x2 10 (BBh)
FAST READ x2 1/0 with 4Bytes address (BCh)
0 1 2 3 4 5 [ 7 ] 9 1w 1 o112 13 14 15 16 17 18 19 20 21 22 23 24 % 2% 27
B o/ M — — oy Ty oy
SCK |:': .rllu .|I II JI Il II Il. |II II. .'I II| .|I Il I |II I'. .II II. .‘l'_|ll. J Ill .|I Il II I'. .'I Ilu .|r_ JI I|. |II I'. |II I'. -f I||_|I II|_II IIl_lI Il_ll )'_III II._lI Il II I';" J-__.II
cse |\
Command (BCh) ddummy bits +12-bit column address 120wy clocks .
1 g C CO XX OO XK C
sl N/ [y SO O0 00050 O
D / P / — ; ol
/A iqh- 13%11 a 1
PRI R—— DEmEOEOOEHOOCO0O0CCO00E
[1]
27 28 29 30 31, 32 33 34 35 36
[ T e T e T [ mE R
oK _-'I lll_'l I|_lI L Il_nll "_.'I I'._ll I|_II I'_nll J_._.'I L
CS )
—
Vo Sl switches from input to output
T
I OO0 000 6N
Fa'
06000000
Data out 1 Data out 2

[1]

FAST READ x2 10 with 4Byte Address (BCh)
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FAST READ x4 |0 (EBh)

The Fast Read x4 |0 (EBh) instruction, the address and data bits are input and output through four pins 100, 101, 102 and 103 prior to
the data output, and with the capability to input data four bits per clock. The Quad I/O allows random access for code execution (XIP)
directly from the Quad SPI.

0 1 2 3 4 5 [ 7 8 9 10 11 12 12 14 15 1e 17 18 19 20 21 22 23
' T T S e Y e M M \ M | T T o Y Y e Y e TR o B MY
SCK |:': I[— I|I _|| FRERN I'. _|| L Jr_l' | I'. I|I I|I ,l'_| I'. ARy I'_ [ 'I. I|I 'I. I|| f L/ L Il_lll 1| [y [
N ))
Cs# ([ (L
Adummy hits +12-bit |
o Command (EBh) column address | Adnmnnny clacks ’/—SI switches from input to output
st { ] S\ 8 D0 000000
50 Hioh2 X OEXEXEC D
WP/ g
02 High-2 (X O XD
HOLD# High
$02 (DEXDCHOCKDEHAD
Byte 1 Byte 2 Byte 3 Byte 4
FAST READ x4 10 (EBh)
FAST READ x4 10 with 4Bytes address (ECh)
0 1 2 3 4 5 [ 7 8 9 w11 12 13 14 15 16 17 18 19 20 21 22 ,23 24 25
SCK ': g .rl'. _II'_I'| JI’_|Il |'I_|'|_ |'|—|I'. _II'_I'. _u"_|'1 | [ F ;_' | I' ' '. ||'_'I f_'1 JII_|||_ .'I_|'I [ | f l_ll L] L [ II| [ ';'I I' .'I I'. I II]
ARy A
Cs# [ ! { :_
Adummy hits +12-bit
Command (ECh) column address | 10 dummy clocks /_SI switches from input to output
51 (] \/ DX DO OOOOOOOOCOOD@@@A D
o F——wanz HOEOOOOOOOOCOOEOR@ED
o - HOOO0COCCOC@E@EM
HOLD#/ High / — /
EOHOEOOOOOOOCOC@E@EED
Byte 1 Byte 2

Fast Read x4 10 with 4Byte Address (ECh)
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PROGRAM LOAD (02h) operation

The command sequence is follows:

06h (WRITE ENABLE)

02h (PROGRAM LOAD x1) Or 32h (PROGRAM LOAD x4)
10h (PROGRAM EXECUTE)

OFh (GET FEATURE command to read the status)

The page program operation sequence programs 1 byte to 2176 bytes of data within a page. If WRITE ENABLE command is not
issued (WEL bit is not set), then the rest of the program sequence is ignored. PROGRAM LOAD command requires 16-bit address with
4 dummy and a 12-bit column address, then the data bytes to be loaded into cache register. Four partial page programs are allowed on
a single page. If more than 2176 bytes are loaded, those additional bytes are ignored by the cache register.

After the data is loaded, PROGRAM EXECUTE command must be issued to transfer the data from cache register to main array, and is
busy for tproc time. PROGRAM EXECUTE command requires 24-bit address with 7 dummy bits and a 17-bit row address.

When CS# goes high, the "PROGRAM LOAD" operation" terminates. Please note the figure below for PROGRAM LOAD.

1 F £ 4 5 ] 7 & 9 10 11 12 12 14 15 16 17 & 1% 0 A 2 % l."4 5
| VY m (R TV rh T Ty M [
S c K _| ! -\_I I_I I_. II— .I_I \_f I_I I_. .n_ I_j —l. _I II_ -I_. \_I :\_I I_I I—l II_. I_I -\_I I_J I_i In_ ._
sS4 |
1
Commasnd [02h} d dwmemy bits 12bit column address [rata byt 1
s [\ /SO OO0 X EEE
' I
| 1
n 4 25 2 27 28 2 30 3 32 33 34 35 3E IT W 1@ 0 TR 1?43]__
i - | I q - MO 1] 1 = | | — i
e RS VAN ARAVAVAUACAVAVAVAVAVAVAVAN A (N AUAVAVANAWANAY |1
C5¢ | [ L

| | Data byte 1 [Crats byte 2 Diata byte 2176

—_ W e Y L e r 5] -\:1 1 - .1:_ e
5 _’{TAS?;SIE{IH\J}E;JJELW};D 20900908800 n_.;:___k:r}(sﬂs}{axlf}{rr‘fxu{nr&\ [/
|
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PROGRAM LOAD (02h) Timing
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PROGRAM LOAD x4 (32h): conducts the program with 4 I/O mode

0 1 2 3 4 5 [ 7 & 9 M 11 12 13 14 15 1% 17 18 19 20 21 22 23 24 25
‘ll ] T ] f 1 f 1 r 1 ) 1 r 1 T r 3 r ] ' 1 '] ] 1 r 1 3 f 3 T 1 f 1 f 1 r ] | 3 | r 3 L | r
oK JI,_. I'I_II I'|_|| | | I'._.'I I||_II I'l_ll \ ._I III_.|| I|I_‘II R ._f '._.'I I'._.'I '|__,'I Ill_ll |II—II I'._,'I |II_.I| I',_,'I I'|_|'I I',_J'I III_II I'._J u \ J I'._
I |
cst |/ |
Command (32h) 4 durmmy bits 12-bit column address ‘
=1 A \ \ )
o ) High-Z s A5
WIFP# J 42} i |
oo ED
Byte 1
1]
23 024 24926 Y 28 28 30 4375
— — e —1 — ™
ok | L{ RN Lr"_" LP (1 \_RL
| )
CE# (|
Sl
I 0.0 00 0.0 0.0 Gl =les
S0 ¥ IR
a1 — X OO A I —
weri XX O OO I —
a1z |
HoLo® i —f 2 A K3 KEXE)@@Q D—E J—
513
Byte 1 Byte 2 Byte 3 Byte 4
|
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PROGRAM LOAD x4 (32h) Timing
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PROGRAM EXECUTE (10h)

After the program data are loaded into the 2,176-Byte Data Buffer (or 2,112 bytes when ECC is enabled), the Program Execute
instruction will program the Data Buffer content into the physical memory page that is specified in the instruction. The instruction is
initiated by driving the CS# pin low then shifting the instruction code “10h” followed by 7-bit dummy clocks and the 17-bit Page Address
into the SI pin. After CS# is driven high to complete the instruction cycle. While the Program Execute cycle is in progress, the Read
Status Register (OFh + COh) instruction may still be used for checking the status of the OIP bit. The OIP bit is 1 during the Program
Execute cycle and becomes 0 when the cycle is finished and the device is ready to accept other instructions again.

Only 4 partial page program times are allowed on every single page.

The pages within the block have to be programmed sequentially from the lower order page address to the higher order page address
within the block. Programming pages out of sequence is prohibited.

0 1 2 3 4 1 [ 7 ) L] 10 mo12 1 14 15 1% 1F 18 1@ o 2 23 2 a5
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-
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PROGRAM LOAD RANDOM DATA x1 (84h)

The command sequence is follows:
06h (WRITE ENABLE)

10h (PROGRAM EXECUTE)
OFh (GET FEATURE command to read the status)

84h (PROGRAM LOAD RANDOM DATA x1) 34h (PROGRAM LOAD RANDOM DATA x4)

The random data program operation sequence programs or replaces data in a page with existing data. PROGRAM LOAD RANDOM
DATA command requires 16-bit address with 4 dummy bits and a 12-bit column address. New data is loaded in the column address
provided. If the random data is not sequential, then another PROGRAM LOAD RANDOM DATA command must be issued with a new
column address. After the data is loaded, PROGRAM EXECUTE command can be issued to start the programming operation.

2 3 i 5

2] 1 ] T B 9 1 'IJ H 15 16 1F 18 19 20 23 IZ_
IR el el ale annnnn —- 1
N AN AN AN AN ANENAN . l{
m |
ese] [\ |
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|
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SLK f f | .I L L I\ f L .I \ (W P ' [ 'I | f \ :. ! [ | 'I | II 1 II | |
Ccs# | ] ]
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5l ::3': 200000008800 :L-z':x’? WS WO L
|
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PROGRAM LOAD RANDOM DATA x4 (34h)

0 1 2 3 4 5 3 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
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SCK _3 (] Ill_|' III_|' RN, III_.' '.I_f II_u' IREREEE I'._.'I L III_.' III_.' III_|' HRERE III_|' I'._'I I'l_ L] Il_f L
I |
cs# |/ |
Command (34h) 4 duramy bits 12-bit column address |
11 I B \
| 3 Y , ;
s () [ KOXOXOCK 000 00 )
| |
500
5N } High-Z o 1% 5™
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PROGRAM LOAD RANDOM DATA x4 (34h) Timing
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Internal Data Move

The command sequence is follows:

10h (PROGRAM EXECUTE)

13h (PAGE READ to cache): to read data from the cell array to internal cache.
06h (WRITE ENABLE): to enable the write.

84h (PROGRAM LOAD RANDOM DATA x1)
34h (PROGRAM LOAD RANDOM DATA x4); to change the data in the internal buffer. This is OPTIONAL in sequence.

OFh (GET FEATURE command to read the status)

The INTERNAL DATA MOVE operation sequence programs or rep aces data in a page with existing data. Prior to performing an
INTERNAL DATA MOVE operation, the target page content must be read into the cache register. PAGE READ command must be

followed with a WRITE ENABLE command to change the contents of memory array.
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BLOCK ERASE (D8h) Operation

The command sequence is follows:

®  06h (WRITE ENABLE)
®  D8h (BLOCK ERASE)
) OFh (GET FEATURE command to read the status)

BLOCK ERASE command requires 24-bit address with 7 dummy bits and a 17-bit row address. If WRITE ENABLE command is not
issued (WEL bit is not set), then the rest of the erase sequence is ignored. After the row address is registered, the control logic
automatically controls the timing and the erase-verify operations, and the device is busy for tBERS time. BLOCK ERASE command
operates on one block at a time.

P 1 2 3 4 5 § 7 E 9 10 W 12 13 MW 15 16 17 1 19 N N B B P
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BLOCK ERASE (D8h) Timing
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Read ID (9Fh)

The device contains a product identification mode, initiated by writing 9Fh to the command register, followed by an address input of 00h.
Five read cycles sequentially output the manufacturer code (C8h), and the device code and 3 g" 5" cycle ID respectively. The

command register remains in Read ID mode until further commands are issued to it.
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ID Definition Table

1st Cycle 2nd Cycle
Part No. (Maker Code) |(Device Code) 3rd Cycle 4th Cycle 5th Cycle
Dual mode C8h 51h 7Fh 7Fh 7Fh

Description
1% Byte Maker Code
2" Byte Device Code
3" Byte JEDEC Maker Code Continuation Code, 7Fh
4" Byte JEDEC Maker Code Continuation Code, 7Fh
5" Byte JEDEC Maker Code Continuation Code, 7Fh
Elite Semiconductor Microelectronics Technology Inc. Publication Date: May. 2023
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RESET (FFh)

The RESET (FFh) command stops all operations. For example, in case of a Program or Erase or Read operation, the reset command
can make the device enter the wait state.

3.3v/1.8v mode

Vee J

Sl Reset Reset
tRST tRST

Reset operation
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DPD entry (Deep Power Down, B9h), DPD exit (ABh) and Reload Fuse data

DPD (Deep Power Down) is a low power function that can reduce power consumption by activating DPD mode. It enters from standby
only. When the DPD command is executed, the current consumption drops further to Icc2. The command to exit DPD is only accessible
during DPD.

Address Dummy
Command Op Code Bytes Bytes Data Bytes
Deep Power Down Entry B9h 0 0 0
Exit from Deep Power Down ABh 0 0 0
Reload Fuse data on Standby ABh 0 0 0

The DPD command is entered during CS# is LOW. CS# must be driven HIGH after the eighth bit of the command code has been
latched in. Wait tpp after CS# goes high. Then, the current consumption is reduced to ISB3.

The exit command from DPD is entered during CS# LOW. When CS# goes high, wait tres1 to complete the power on sequence. Then,
the device is accessible. Besides, page 0 of block 0 is ready in CACHE.

The command that reload Fuse data is entered while CS# is low. After CS# returns high, waits tres: to complete Fuse load. Then, the
device is accessible. Besides, page 0 of block 0 is ready in CACHE.

Note: The B9h & ABh commands are only for single die 2Gb, are not allowed for Dual Die Stacked Operation.

Entry to Deep Power Down

Parameter Symbol | Max | Unit
CS# High to Power Down Mode top 3 us
ICS \ )4
- tDP -
Mode 3 0 1 2 3 4 5 [ 7 Mode 3

. nl
CLK Modeo'.llllllllllllllll Mode 0

(I%L) X/ /X X X X X tress | 1.5 ms

Stand-by current Power-down current

CS# High to Standby Mode without Electronic Signature Read
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<+—— tREST ———»
Mode 3 0 1 2 3 4 5 6 7 Mode 3

A
CLK Modeo‘.Illlllllllllllll Mode 0

|<— Instruction (ABh) —>|
oy X7 NS\ XX XX TX X

Power-down current Stand-by current

Exit from Deep Power Down

<+ tREST ——»
Mode 3 0 1 2 3 4 5 6 7 Mode 3

ck _weeeo ¢ | LU LT U ULIUT ] e
}-— Instruction (ABh) —b{

DI

uog)m X X X X X

Stand-by current

Reload Fuse data

Boot Read

Boot read is a read to store page 0 of block 0 in CACHE during power on sequence. DATA of page 0 of block 0 is ready in CACHE after
the power on cycle.

In case of the exit from DPD, it is automatically ready in CACHE.
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Cache Read (31h) and Last Page Cache Read (3Fh)

Cache Read is an extension of Page Read, and is available only within a block. Cache Read will enhance the data throughput by using
the Page Buffer. It supports sequential pages to be read out without assigning next page address. After writing the Page Read
command (13h) and giving 24-bit address with 7 dummy bits and a 17 bits row address(a row address of Page N is registered), the
page data starts the transfer from the main array to the Page Buffer. During this time, GET FEATURE command (COh, Bit0 OIP Bit) can
be issued to monitor the status of the operation.

Following a status of successful completion, the Cache Read command (31h) can be issued, data of the designated page (Page N) are
transferred from Page Buffer to Cache Register . During this time, GET FEATURE command (COh, Bit0 OIP Bit) can be issued to
monitor the status of the operation and to indicate if the Cache Register is available.

Then following the Read from Cache command (03h/0Bh/3Bh/6Bh/BBh or EBh) may get the designated page (Page N) data output
from Cache Register. At the same time, the Next Page (Page N+1) are transferred from array to Page Buffer.

To confirm the last page to be read-out during the Cache Read, the Last Page Cache Read command (3Fh) is used to stop the data
transfer from array to Page Buffer.

The command sequence is follows:

Page read(13h)_PageN (+ 7 dummy bits + 17bits row address)

GetFeatureC0O(OIP=0)

Cache Read (31h)_PageN+1

GetFeatureC0O(OIP=0)

Read from CACHE 03h/0Bh/3Bh/6Bh/BBh/EBh _PageN (+4 dummy bits + 12 bits column address+ dummy bytes)
Repeat 3)->5) for previous Page data Until last page

Last Page Cache Read (3Fh) _Page Last (+ 7 dummy bits + 17bits row address)

GetFeatureCO(OIP=0)

Read 03h/0Bh/3Bh/6Bh/BBh/EBh _last Page

(+4 dummy bits + 12bits row address+ dummy bytes)

©OoNOTOR~ODNPE
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Cache Read
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Status Register check
2) i (0Fh -=COh Bit0 )

..................... ¢

Cache Read
3 (31R)

4) Status Remster check
(0Fh -=C0h Bit0 )

e
e

ERead from Cache

2 (03 0Bh/06W/EBh/BERWEBh)

&)

vV  YES

Lazt Page Cache Read
0 (3Fh)

I— 2

: Status Begister check
8 :  (0Fh--COh Bit0)

Read from Cache
(03 0BL/O6h/6Bh)

oo )

Cache Read (31h) Flow

)]
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Cache Read Random Page (30h)

Cache Read command reads the pages of the same block sequentially without assigning next Page’s address. On the other hand,
Cache Read Random Page can assign the specified page of the same block to be read out. The specified pages to be read out next by
assigning a 24-bit address with 7 dummy bits and a 17 bits row address.

The command sequence is follows:

Page read(13h)_PageX (+ 7 dummy bits + 17bits row address)

GetFeatureCO(OIP=0)

Cache Read Random Page(30h)_PageY (+ 7 dummy bits + 17bits row address)

GetFeatureCO(OIP=0)

Read from CACHE 03h/0Bh/3Bh/6Bh/BBh/EBh _PageX (+4 dummy bits + 12 bits column address+ dummy bytes)
Repeat 3)->5) for previous Page data Until last page

Last Page Cache Read(3Fh) _Page Last (+ 7 dummy bits + 17bits row address)

GetFeatureCO(OIP=0)

Read 03h/0Bh/3Bh/6Bh/BBh/EBh _last Page

(+4 dummy bits + 12 bits column address+ dummy bytes)

CoNok~wDE
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Power Up Timing

During power transitions, Vcc is internally monitored. After Vcc has reached Vccmin, the device automatically performs the RESET
command. The first access can occur 1.5ms after Vcc reaches Vceecmin, and the required command can be issued to the device.

Mode 3
sk X SN\

Mode O

AV ECemun

Wee 4T

WP#

L3 »

Power Up : 1% page Boot Read=1.5ms

CSH \  {including Boot Read with ECC)

//'/ / / Read from Cache (03h, 3Bh or 6Bh)

5l

S0 Hiah-Z

7
% Don't Care

A Veocmin=2.7V for 3.3V, 1.7V for 1.8V

Power Up and Reset Timing
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ECC Protection
ECC is enabled after device power-up, so the default PROGRAM and READ commands operate with internal ECC in the active state.

During a PROGRAM operation, the device calculates an ECC code on the 2KB page in the cache register, before the page is written to
the NAND Flash array. The ECC code is stored in the spare area of the page in array.

During a READ operation, the page data is read from the array to the cache register, where the ECC code is calculated and compared
with the ECC code value read from the array. If a single-bit data error is discovered, the error is corrected in the cache register and only
the corrected data is on the output bus.

Spare 0~3 are for user data 0~3 and internal ECC is stored in Spare Area (840h~87Fh). When the internal ECC is disabled, all are for
user data.

Colltxﬂr?ﬁ\?-\)gg?ess Colzﬂrinnn?’é?j?ess ECC protected Area Description
1FFh 000h Yes Main O User data 0 (512 bytes)
3FFh 200h Yes Main 1 User data 1 (512 bytes)
5FFh 400h Yes Main 2 User data 2 (512 bytes)
7FFh 600h Yes Main 3 User data 3 (512 bytes)
80Fh 800h Yes Spare 0 User meta data 0 2) (16 bytes)
81Fh 810h Yes Spare 1 User meta data 1 (16 bytes)
82Fh 820h Yes Spare 2 User meta data 2 (16 bytes)
83Fh 830h Yes Spare 3 User meta data 3 (16 bytes)
87Fh (2175) 840h (2112) Yes Spare Area 1 Internal ECC parity data (64 bytes)

Note:

1. Only for internal ECC if internal ECC is enabled. The ECC parity code generated by internal ECC is stored in column addresses
2112-2175 and the users cannot access to these specific addresses when internal ECC is enabled.

2. Some bytes for bad block marker. While using the Partial Page Program, the users must program the data to main area and
spare area simultaneously by the definition of data pair.
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Error Management

Initial invalid blocks are defined as blocks that contain one or more initial invalid bits whose reliability is not guaranteed. The information
regarding the initial invalid blocks is called the initial invalid block information. Devices with initial invalid blocks have the same quality
level as devices with all valid blocks and have the same AC and DC characteristics. An initial invalid block does not affect the
performance of valid blocks because it is isolated from the bit line and the common source line by a select transistor. The system
design must be able to mask out the initial invalid blocks via address mapping.

The 1st block, which is placed on 00h block address, is guaranteed to be a valid block up to 1K program/erase cycles with
8bits/512Byte ECC.

Unpredictable behavior may result from programming or erasing the defective blocks. Figure illustrates an algorithm for searching
factory-mapped defects, and the algorithm needs to be executed prior to any erase or program operations.

A host controller has to scan blocks from block 0 to the last block using page read command and check the data at the column address
2048 of page 0 and page 1. If the read data is not FFh, the block is interpreted as an invalid block. Do not erase or program
factory-marked bad blocks. The host controller must be able to recognize the initial invalid block information and to create a
corresponding table to manage block replacement upon erase or program error when additional invalid blocks develop with Flash
memory usage.

Description Requirement

Minimum / Maximum number of valid block number of block 2008 /2048

Bad block mark Non FFh

Mark location Column 2048 of page 0 and page 1
Note:

1. The device may include initial invalid blocks when first shipped. Additional invalid blocks may develop while being used. The
number of valid blocks is presented with both cases of invalid blocks considered. Invalid blocks are defined as blocks that contain
one or more bad bits which cause status failure during program and erase operation. Do not erase or program factory-marked
bad blocks. Refer to the attached technical notes for appropriate management of initial invalid blocks.

2. Read FFh check is at the 1st byte of the 1st and 2nd pages of the block spare area.

3. The 1st block, which is placed on 00h block address, is guaranteed to be a valid block at the time of shipment and is guaranteed
to be a valid block up to 1K program/erase cycles with 8bits/512Byte ECC.
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[ Start

SetBlock Address =10

Increase
Block
Address
3
Create Initial
Invalid Block Check “FFh” at column address 2048 of the first
Table
page and the second page
no
Last Block?
yas
For (i=0; i<Num_of_LUs; i++)
{
For (j=0; j<Blocks_Per_LU; j++)
{
Defect_Block Found=False;
Read_Page(lu=i, block=j, page=0);
If (Data[coloumn=First_Byte_of_Spare_Area]!=FFh) Defect_Block_Found=True;
Read_Page(lu=i, block=j, page=1);
If (Data[coloumn=First_Byte_of_ Spare_Area]!=FFh) Defect_Block_Found=True;
If (Defect_Block_Found) Mark_Block_as_Defective(lu=i, block=j);
}
}
Algorithm for Bad Block Scanning
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Block Replacement

Within its lifetime, number of invalid blocks may increase with NAND Flash memory. Refer to the qualification report for the actual data.
The following possible failure modes should be considered to implement a highly reliable system. In the case of failure after ERASE or
PROGRAM in Status Register (Erase_Fail or Program_Fail), Block Replacement should be done. Because PROGRAM status fail
during a Page Program does not affect the data of the other Pages in the same block, Block Replacement can be executed with a
Page-sized buffer by finding an erased empty Block and reprogramming the current target data and copying the rest of the replaced
block.

In case of READ, ECC must be employed. To improve the efficiency of memory space, it is recommended that the Read or verification
failure due to Single Bit error be reclaimed by ECC without any block replacement.

Block A

Ist

in=1)th

nth — An error occurs.

page )

Block B Buffer memory of the

controller
I st @

in-1)th

nth ——— - An errar oecurs.

* Step |

When an error happens in the nth page of the Block 'A' during erase or program
operation.

page * SIEP 2

Copy the data in the Ist~ {n-1"1th page 1o the same locatlon of another free
block. (Block B

* Step 3

Then, copy the nth page data of the Block 'A’ in the buffer memory to the nth
page of the Block 'B'

* Step 4

Do not erase or program to Block 'A' by creating an 'invalid block' table or
other appropriate scheme.
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Addressing for Program Operation

Within a block, the pages must be programmed consecutively from the LSB (least significant bit) page of the block to MSB (most
significant bit) pages of the block. Random page address programming is prohibited. In this case, the definition of LSB page is the LSB
among the pages to be programmed. Therefore, LSB page doesn’t need to be page 0.

Page 62 (54) Page 63 i54)
Page 31 (32) Paga 31 (1
Page 2 (3 Page 2 )]
Page 1 2] Page 1 132)
Page 0 (] Page 0 (]
Diata register [ata register
From 5 MSE pa Ex ) Eandam page program (Prohibition)
DATA IN: Data (1) — Data (54) DATA IM: Data (1) — Data [54)
Elite Semiconductor Microelectronics Technology Inc. Publication Date: May. 2023

Revision: 1.0 51/59



ESMT F50D2G41KA (2V)

Operation Temperature Condition -40°C~85C

Electrical Specifications

Absolute Maximum Ratings

Parameter Symbol Rating Unit
Vee -0.6 to +2.45

Voltage on any pin relative to Vss Vin -0.6 to +2.45 \%
Viio -0.6 to Vcc+0.3(<2.45V)

Temperature Under Bias Teias -40 to +125 C

Storage Temperature Tste -65 to +150 C

Short Circuit Current los 5 mA

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be
restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute maximum rating conditions
for extended periods may affect reliability.

Recommended Operating Conditions
(Voltage reference to GND, Ta = -40 to 85C)

Parameter Symbol Min. Typ. Max. Unit
Supply Voltage Vce 1.7 1.8 1.95 \%
Supply Voltage Vss 0 0 0 vV
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DC and Operation Conditions

(Recommended operating conditions otherwise noted)

Parameter Symbol Test Conditions Min. Typ. Max. Unit
Page Read with _ _
Opera’[ing Serial Access lcc CS#—VH_, lout=OmA - 26 30
Current Program loco - - 20 25 mA
Erase lccs - - 20 25
CS#=V, _ -
Stand-by Current (TTL) IsB1 WPH#=0V/Vce 1 mA
CS#= Vcc -0.2,
Stand-by Current (CMOS) Isg2 WPH=0V/ Voc - 10 50 UuA
CS#=Vcc-0.2,
Power Down Current Isea WP#=0VVee SCK=0V/Vce - 1 5
Input Leakage Current I ViNn=0 to Vcc (max) - - +10 UuA
Output Leakage Current ILo Vout=0 to Vcc (max) - - 10 UuA
Input High Voltage Vi - 0.8 x Vee - Vee +0.3 \Y;
Input Low Voltage, All inputs Vit - 0.3 - 0.2 X Ve v
Output High Voltage Level Vo lon= -100uA Vcee-0.1 - - \Y
Output Low Voltage Level VoL lor=+100uA - - 0.1 \%

Note:
1. V. can undershoot to -0.4V and V4 can overshoot to Vcc+0.4V for durations of 20ns or less.
2. Typical value are measured at Vcc = 1.8V, Ta=25°C . Not 100% tested.
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AC Test Condition
(TA:'4O to 850C, Vee= 17V"195V)

Parameter Condition
Input Pulse Levels 0to Vce
Input Rise and Fall Times Max: 2.4ns
Input and Output Timing Levels Vee 12

Output Load

1 TTL Gate and C =15pF

Capacitance
(TA=25°C, Vcc= 1.8V, f=1.0MHz)

Item Symbol Test Condition Min. Max. Unit
Input / Output Capacitance Cio ViL=0V - 8 pF
Input Capacitance Cin Vin = 0V - 8 pF
Note: Capacitance is periodically sampled and not 100% tested.
Read / Program / Erase Timing Characteristics
Parameter Symbol Min. Typ. Max. Unit
Average Program Time trroOG - 400 900 us
Number of Partial Program Cycles in the NOP ) . 4 Cycle
Same Page
Block Erase Time teERS - 4 10 ms
Data Transfer from Cell to Register with
Internal ECC tRo i i 130 us
Data Transfer from Cell to Register ¢ ) . o5 us
without Internal ECC ROL

Elite Semiconductor Microelectronics Technology Inc.

Publication Date: May. 2023
Revision: 1.0 54/59



ESMT F50D2G41KA (2V)

Operation Temperature Condition -40°C~85C

General Timing Characteristic

Parameter Symbol Min. Max. Unit

104MHz fc 104 MHz
Clock frequency

83MHz fc 83 MHz
Hold# non-active hold time relative to SCK teo 4.5 ns
Hold# hold time relative to SCK teh 4.5 ns
Command deselect time tcs 80 ns
CS# Setup Time tecss 6 ns
CS# Hold Time tesh 4 ns
The last valid Clock low to CS# high tesel 5 ns
Output disable time tois 20 ns
Hold# non-active setup time relative to SCK tHe 4.5 ns
Hold# setup time relative to SCK thp 4.5 ns
Data input setup time tsupaT 2 ns
Data input hold time tHDDAT 3 ns
Output hold time tho 2 ns
Hold# to output Hi-Z thz 9 ns
Hold# to output Low-Z tiz 9 ns
Clock low to output valid 104MHz v 9 ns

83MHz tv 12 ns
Clock high time twh 4 ns
Clock low time twi 4 ns
Clock rise time (slew rate) terT 0.1 V/ns
Clock fall time (slew rate) terr 0.1 V/ins
WP# setup time twes 20 ns
WP# hold time twpH 100 ns
Resetting time during ldle/Read/Program/Erase trsT 5/5/10/500 us

Note: Fast Read x2 10 (BBh) & (BCh) and Fast Read x4 10 (EBh) & (ECh) can run up to 40MHz at 1.8V.
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PACKING DIMENSIONS

8-Contact WSON ( 8x6 mm )

c
PIM 1 INDEMT
éf"
- f/,PIN1
b J G
— C
E ] E2
(-
a C
o ]
D L D2
MILLIMETERS INCHES
SYMBOL
Min Normal Max Min Normal Max
A 0.70 0.75 0.8 0.028 0.03 0.031
Al 0.00 0.035 0.05 0.000 0.001 0.002
0.35 0.40 0.45 0.014 0.016 0.018
0.19 0.20 0.25 0.007 0.008 0.010
D 7.90 8.0 8.10 0.311 0.315 0.319
D2 3.35 3.40 3.45 0.132 0.134 0.136
E 5.90 6.0 6.10 0.232 0.236 0.240
E2 4.25 4.30 4.35 0.167 0.168 0.171
e 1.27BSC 0.05BSC
L 0.40 0.50 0.60 0.016 0.020 0.024
y 0.00 0.08 0.000 0.003
NOTE: BSC, Basic lead spacing between centers.
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PACKING DIMENSIONS

8-Contact WSON (8x6 mm ) without expose metal pad

Pin# 1 index side

N D -
b | -
| |
| <
[ S BT
—
| <
‘ DETAIL A
1 |
[
oA |
/N |
r) ‘
\ ~ —
D) S ‘
) ‘ - ' (] s
_ 1
#@ K |
D) | - /
_ |
D) /7N \
[ \
l - L DETAIL B
—_— \ "B"
Symbol Dimension in mm Dimension in inch
Min Norm Max Min Norm Max
A 0.70 0.75 0.80 0.028 0.030 0.031
Al 0.00 0.02 0.05 0.000 0.001 0.002
b 0.35 0.40 0.45 0.014 0.016 0.018
D 7.90 8.00 8.10 0.311 0.315 0.319
E 5.90 6.00 6.10 0.232 0.236 0.240
e 1.27 BSC 0.050 BSC
L 040 | 050 | 060 0016 | 0020 | 0.024

Controlling dimension: millimeter
(Revision date: Apr 25 2018)
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Revision History

Revision Date Description
0.1 2020/11/12 Original
0.2 2020/11/23 Add speed grade of 83 MHz
1.0 2023/05/24 Delete Preliminary

Publication Date: May. 2023
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Important Notice
All rights reserved.

No part of this document may be reproduced or duplicated in any form or
by any means without the prior permission of ESMT.

The contents contained in this document are believed to be accurate at
the time of publication. ESMT assumes no responsibility for any error in
this document, and reserves the right to change the products or
specification in this document without notice.

The information contained herein is presented only as a guide or
examples for the application of our products. No responsibility is
assumed by ESMT for any infringement of patents, copyrights, or other
intellectual property rights of third parties which may result from its use.
No license, either express, implied or otherwise, is granted under any
patents, copyrights or other intellectual property rights of ESMT or
others.

Any semiconductor devices may have inherently a certain rate of failure.
To minimize risks associated with customer's application, adequate
design and operating safeguards against injury, damage, or loss from
such failure, should be provided by the customer when making
application designs.

ESMT's products are not authorized for use in critical applications such
as, but not limited to, life support devices or system, where failure or
abnormal operation may directly affect human lives or cause physical
injury or property damage. If products described here are to be used for
such kinds of application, purchaser must do its own quality assurance
testing appropriate to such applications.
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