& -
ICMeoIX 26 NAND FLASH Product

2Gbit(256x8) NAND Flash
IMS2G083ZZC1S-WP

ReV. 0 1 May . 2020 ICMAX International CO., Limited reserves the r ight to chan ge products or s pecifications without notice.
MAX International CO., Limited All rights reserved.



& -
ICMeoIX 26 NAND FLASH Product

Revision No. History Draft Date Remark
Rev 01 Initial Draft May. 2020
ReV. 0 1 May. 2020 ICMAX International CO., Limited reserves the right to change products or specifications without notice.

©2020 ICMAX International CO., Limited All rights reserved.



Iamax IMS2G083ZZC1S-WP

2Gb NAND FLASH Product

FEATURES SUMMARY

= Single level cell technology
= OPEN NAND FLASH INTERFACE(ONFI) 1.0 COMPLIANT

e POWER SUPPLY VOLTAGE ® SECURITY

- _ o - OTP area
VCC = 2.7V~ 3.6V - Serial number(unique ID)

e MEMORY CELL ARRAY (with SPARE) - Non-volatile protection

- Page size : e ELECTRONIC SIGNATURE
) - 1st cycle: Manufacturer Code
x8 — 3.3V : (2K+128spare) bytes - 2nd cycle: Device Code
- Block size : - 3rd cycle: Internal chip number, Cell Type,
] Number of Simultaneously
x8 - 3.3V : (128K+8Kspare) bytes Programmed Pages,
- Device size : 2048blocks interleaved Program, Write Cache
- 4th cycle: Page size, Block size, Organization,
e PAGE READ / PROGRAM TIME Spare size, Serial access time
- Random Read Time(tR) : 30us(Max) - 5th cycle : ECC, Multi-plane information
- Sequential access time : ¢ RELIABILITY
3.3v - 25ns(Min), - 50,000 Program / Erase cycles

(with 4 bit ECC per 512 Byte )

- Page program : 300us(Typ) N\ 1A RETENTION

e BLOCK ERASE

- 10years
- Block Erase Time : 3.5ms(Typ) e Operating TEMPERATURE
e COMMAND SET - Commercial (0°C ~ 70°C)
- ONFI1.0 Compliant command set e CHIP ENABLE DON'T CARE OPTION
- Read Unique ID - Simple interface with microcontrollers

e PACKAGE OPTION

- Pb-Free Package
48-pin TSOP(12 x 20 / 0.5 mm pitch)

ReV . 0 1 M ay . 2 0 2 0 ICMAX International CO., Limited reserves the right to change products or specifications without notice.
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PRODUCT LIST

3.3V Product

Bus Operating
Part number Voltage Width Package Temperature
IMS2G083ZZC1S-WP 2.7~3.6V x8 12x20x1.2mm TSOP Commercial
ReV. 0 1 May . 2020 ICMAX International CO., Limited reserves the right to change products or specifications without notice.
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PIN CONFIGURATION (TSOP1)

NCL_]10o 48[ N.C
NC L 2 47 N.C
NCLC3 461 N.C
NC ] 4 451 N.C
N.C 5 44 1 1107
NC L6 431 /106
RE/ ] ¢ 41 = liod
8
CE/ E 9 4&% N.C
N.C C_]10 38C_INC
N.C C—] 11 38_IN.C
Vec C_]12 37 ] Vec
Vss C_]13 36 1] Vss
N.C C_114 35 _1NC
N.C C_]15 34 IN.C
CLEC_]16 33_INC
ALE C_117 3211103
WE/ |18 311 102
WP/ ] 19 30 1 1O
N.C C=]20 29 1 100
NC C 21 28 N.C
N.C C_]22 2T _INC
N.C C]23 26 I N.C
N.C 24 25 N.C
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2Gb NAND FLASH Product

PACKAGE DIMENSIONS

48- PIN LEAD/LEAD FREE PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(I)
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2Gb NAND FLASH Product

1. SUMMARY DESCRIPTION

The NAND FLASH is offered with a 3.3-V VCC power supply, and with x8 1/O interface.

Its NAND cell provides the most cost-effective solution for the solid state mass storage market. 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 page size for x8 is (2048 +spare) bytes.

To extend the lifetime of NAND flash devices, the implementation of an ECC is mandatory.

The chip supports CE# don't care function. This function allows the direct download of the code from the NAND flash
memory device by a microcontroller, since the CE# transitions do not stop the read operation.

The devices have a Read Cache feature that improves the read throughput for large files. During cache reading,
the devices load the data in a cache register while the previous data is transferred to the 1/O buffers to be read.

In multiplane operations, data in the page can be read out at 25 ns cycle time per byte. The I/O pins serve as the
ports for command and address input as well as data input/output. This interface allows a reduced pin count and
easy migration towards different densities, without any rearrangement of the footprint.

Commands, Data, and Addresses are asynchronously introduced using CE#, WE#, ALE, and CLE control pins.

The on-chip Program/Erase Controller automates all read, program, and erase functions including pulse repetition,
where required,

and internal verification and margining of data. A WP# pin is available to provide hardware protection against
program and erase operations.

The output pin R/B# (open drain buffer) signals the status of the device during each operation. It identifies if the
program/erase/read controller is currently active. The use of an open-drain output allows the Ready/Busy pins
from several memories to connect to a single pull-up resistor. In a system with multiple memories the

R/B# pins can be connected all together to provide a global status signal.

The Reprogram function allows the optimization of defective block management — when a Page Program
operation fails the data can be directly programmed in another page inside the same array section without the time
consuming serial data insertion phase.

Multiplane Copy Back is also supported. Data read out after Copy Back Read (both for single and multiplane cases)
is allowed.

In addition, Cache Program and Multiplane Cache Program operations improve the programing throughput by
programing data using the cache register.

The devices are available in the TSOP48 (12 x 20 mm) package and come with the following security features:

B OTP (one time programmable) area, which is a restricted access area where sensitive data/code can be stored
permanently.

® Serial number (unique identifier), which allows the devices to be uniquely identified. Contact factory for support of
this feature.
These security features are subject to an NDA (non-disclosure agreement) and are, therefore, not described in the

datasheet. For more details about them, contact your nearest sales office.

ReV . 0 1 M ay . 2 0 2 0 ICMAX International CO., Limited reserves the right to change products or specifications without notice.
©2020 ICMAX International CO., Limited All rights reserved.
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Pin Description

Pin Function

Pin Name
1/00 - 1/07 DATA INPUTS/OUTPUTS

or The I/0 pins are used to input command, address and data, and to output data during

read operations. The I/0 pins float to high-z when the chip is deselected or when the
I/08 -1I/015 .

outputs are disabled.
COMMAND LATCH ENABLE

CLE This input activates the latching of the DQ inputs inside the Command Register on the
Rising edge of Write Enable (WE#).
ADDRESS LATCH ENABLE

ALE This input activates the latching of the DQ inputs inside the Command Register on the
Rising edge of Write Enable (WE#).
CHIP ENABLE
This input controls the selection of the device. When the device is busy, CE# low does

/CE not deselect the memory. The device goes into Stand-by mode when CE# goes High
during the device is in Ready state. The CE# signal is ignored when device is in Busy
state, and will not enter Standby mode even if the CE# goes high.
READ ENABLE

/RE The /RE input is the serial data-out control, and when active drives the data onto the I/O
bus. Data is valid tREA after the falling edge of /RE which also increments the internal
column address counter by one.
WRITE ENABLE

/WE This input acts as clock to latch Command, Address and Data. The DQ inputs are latched
on the rise edge of WE#.
WRITE PROTECT
The WP# pin, when Low, provides a hardware protection against undesired write

/WP operations. Hardware Write Protection is activated when the Write Protect pin is low. In
this condition modify operation do not start and the content of the memory is not altered.
Write Protect pin is not latched by Write Enable to ensure the protection even during the
power up phases.

R/B READY/BUSY OUTPUT

/ The Ready/Busy output is an Open Drain pin that signals the state of the memory.

vCCe POWER
The VCC supplies the power for all the operations. (Read, Write, and Erase).

VSS GROUND

N.C NO CONNECTED / DON'T USE

Table 1 : Signal descriptions
Note:

A 0.1uF capacitor should be connected between the Vcc Supply Voltage pin and the Vss Ground pin to
decouple the current surges from the power supply. The PCB track widths must be sufficient to carry
the currents required during program and erase operations.

ReV . 0 1 M ay . 2 0 2 0 ICMAX International CO., Limited reserves the right to change products or specifications without notice.
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Functional Block Diagram

A28 ~ A0 (x8)
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Figure 1 : Block diagram(SDP)
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2Gb NAND FLASH Product

Array Organization
-« 21?Eby_tes e 2'I?6byt_e5 —

- o7
Cache register 2048 128 2043 128 /00
Data register 2048 128 2048 128
7
1 Page = (2K+128) Bytes
1024 1 Block = (2K+128) B G4
Blocks <4 1 Block T Block ock = _ ) Bytes x 64pages
PerPlane | = (128K+8K) Bytes
1Device = (128K+8K) Bytes x 2048Blocks
.
| |
\ !
N y
Plane 0 Plane 1

Figure 2 : Array organization(x8)

<«— 1088 Words 1088 Words __»,.

Cache register | 1024 1024 | 64 /00
Z 7 7 7
Dataregster | 1024 [ s4 | 1024 [ 64
s
1 Page = (1K+64) Words
8112335 < 1Bk TBlock 1 Block = (1K+64) Words x 64pages
= (6 /
Per Plane (64K+4K) Words
1Device = (64K+4K) Words x 2048Blocks
N
[ | |
\ Pa s J
\,’/ \'/
Plane 0 Plane 1
Figure 3 : Array organization(x16)
ReV. 0 1 May . 2020 ICMAX International CO., Limited reserves the right to change products or specifications without notice.
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Addressing

Addressing(x8)

Bus cycle I/00 I/01 I/02 I/03 I/04 I/05 I/06 I1/07
1st Cycle AO Al A2 A3 A4 A5 A6 A7

2nd Cycle A8 A9 A10 Al1l L(1) L(1) L(1) L(1)
3rd Cycle Al2 Al13 Al4 Al5 Al6 Al7 A18 A19
4th Cycle A20 A21 A22 A23 A24 A25 A26 A27
5th(*)Cycle A28 L(1) L(1) L(1) L(1) L(1) L(1) L(1)

Table 2 : Address Cycle Map(x8)

As far as the address bits are concerned, the following rules apply:

AO -Al11 : column address in the page

Al12 -Al7 : page address in the block

A18 : plane address (for multi-plane operations) / block address (for normal operations)
A19 -A28 : block address

Addressing(x16)

Bus cycle 1/00 | 1/01 | I/02 | I/O03 | 1/04 | I/O5 | 1/06 | I/07
1st Cycle A0 Al A2 A3 A4 A5 A6 A7

2nd Cycle A8 A9 A10 L(1) L(1) L(1) L(1) L(1)
3rd Cycle All A12 A13 Al4 A15 A16 A17 A18
ath Cycle A19 A20 A21 A22 A23 A24 A25 A26
5th(*)Cycle A27 L(1) L(1) L(1) L(1) L(1) L(1) L(1)

Table 3 : Address Cycle Map(x16)

As far as the address bits are concerned, the following rules apply:

AOQ -A10 : column address in the page

Al1 -A16 : page address in the block

A17 : plane address (for multi-plane operations) / block address (for normal operations)
A18 -A27 : block address

Notes:

1. L must be set to Low.

2. The device ignores any additional address input cycle than required.
3. 1st& 2ndcycle are Column Address, 3rdto 5thcycle are Row Address.
4.1/0 8 -I/O 15 must be L.

ReV . 0 1 M ay . 2 0 2 0 ICMAX International CO., Limited reserves the right to change products or specifications without notice.
©2020 ICMAX International CO., Limited All rights reserved.
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1.5. Command Set

Acceptable
FUNCTION 1%'Cycle|2"Cycle|3"“Cycle|[4"Cycle| command
during busy
PAGE READ 00h 30h - - No
READ FOR COPY-BACK 00h 35h - - No
SPECIAL READ FOR COPY-BACK 00h 36h - - No
READ ID 90h - r - No
RESET FFh - - - Yes
e ) on | aon |- | - | w
CACHE PROGRAM(Start) 80h 15h - - No
PAGE RE-PROGRAM 8Bh 10h - - No
COPY-BACK PROGRAM 85h 10h - - No
(Traditional)MULTI-PLANE PROGRAM 80h 11h 81h 10h No
ONFI MULTI-PLANE PROGRAM 80h 11h 80h 10h No
MULTI-PLANE PAGE RE-PROGRAM 8Bh 11h 8Bh 10h No
(Traditional)MULTI-PLAN (start/cont) 80h 11h 81h 15h No
ONFI MULTI-PLANE CACHE PGM(start/cont) | 80h 11h 80h 15h No
(Traditional)MULTI-PLANE CACHE PGM(end) 80h 11h 81h 10h No
ONFI MULTI-PLANE CACHE PGM(end) 80h 11h 80h 10h No
(Traditional)MULTI-PLANE COPY-BACK PROGRAM 85h 11h 81h 10h No
ONFI MULTI-PLANE COPY-BACK PROGRAM 85h 11h 85h 10h No
BLOCK ERASE 60h DOh - - No
(Traditional)MULTI-PLANE BLOCK ERASE 60h 60h DOh - No
ONFI MULTI-PLANE BLOCK ERASE 60h D1h 60h DOh No
READ STATUS REGISTER 70h - - - Yes
READ STATUS ENHANCED 78h - - - Yes
RANDOM DATA INPUT 85h - - - No
RANDOM DATA OUTPUT 05h EOh - - No
CACHE READ (SEQUENTIAL) 31h - - - No
CACHE READ ENHANCED(RANDOM) 00h 31h - - No
CACHE READ(End) 3Fh - - - No
READ PARAMETERPAGE ECh - - - No

Table 4 : Command Set

Rev.01 May. 2020
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CLE ALE CE# | WE# | RE# | WP# MODE

H L L Rising H X Command Input

Read Mode
L H L Rising H X Address Input ( 5 Cycles )
H L L Rising H H Command Input

Write Mode
L HY L Rising H H Address Input ( 5 Cycles )
L L L Rising H H Data Input
L LY L H Falling X Sequential Read and Data Output
X X L H H X Data Output (suspended)
L L L H 3 H3) X During Read (Busy)
X X1 X X X H During Program (Busy)
X X X X X H During Erase (Busy)
X X X X X L Write Protect
X X H X X | 0V/Vee 2| Stand-By

Table 5 : Mode Selection
Notes:

1. X can be VIL or VIH. H = Logic level HIGH. L = Logic level LOW.

2. WP# should be biased to CMOS high or CMOS low for stand-by mode.

3. WE# and RE# during Read Busy must be keep on high to prevent unplanned
command/address/data input or to avert unintended data out. In this time, only Reset, Read
Status, and Multi-plane Read Status can be input to the device.

Rev.01 May. 2020
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2. BUS OPERATION

There are six standard bus operations that control the device. These are Command Input, Address
Input, Data Input, Data Output, Write Protect, and Standby. Typically glitches less than 5ns on
Chip Enable, Write Enable and Read Enable are ignored by the memory and do not affect bus
operations.

Command Input

Command Input bus operation is used to give a command to the memory device. Command are
accepted with Chip Enable low, Command Latch Enable High, Address Latch Enable low and Read
Enable High and latched on the rising edge of Write Enable. Moreover for commands that starts a
modify operation (write/erase) the Write Protect pin must be high. See *5.9. AC Timing
Characteristics" for details of the timings requirements.

Address Input

Address Input bus operation allows the insertion of the memory address. 5 clock cycles are needed
to input the addresses. (refer to “1.4. Addressing”). Addresses are accepted with Chip Enable low,
Address Latch Enable High, Command Latch Enable low and Read Enable High and latched on the
rising edge of Write Enable. Moreover for commands that starts a modify operation(write/erase)
the Write Protect pin must be high. See “5.9. AC Timing Characteristics” for details of the timings
requirements.

Data Input

Data Input bus operation allows to feed to the device the data to be programmed. The data
insertion is serially and timed by the Write Enable cycles. Data are accepted only with Chip Enable
low, Address Latch Enable low, Command Latch Enable low, Read Enable High, and Write Protect
High and latched on the rising edge of Write Enable. See “5.9. AC Timing Characteristics" for
details of the timings requirements.

Data Output
Data Output bus operation allows to read data from the memory array and to check the status
register content and the ID data. Data can be serially shifted out by toggling the Read Enable pin

with Chip Enable low, Write Enable High, Address Latch Enable low, and Command Latch Enable
low. See “5.9. AC Timing Characteristics" for details of the timings requirements.

Write Protect

Hardware Write Protection is activated when the Write Protect pin is low. In this condition modify
operation do not start and the content of the memory is not altered. Write Protect pin is not
latched by Write Enable to ensure the protection even during the power up.

Standby

In Standby the device is deselected, outputs are disabled and Power Consumption is reduced.

ReV . 0 1 M ay . 2 0 2 0 ICMAX International CO., Limited reserves the right to change products or specifications without notice.
©2020 ICMAX International CO., Limited All rights reserved.
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2Gb NAND FLASH Product

3. Device Operation

Page Read

This operation is initiated by writing 00h and 30h to the command register along with five address
cycles. Two types of operations are available: random read, serial page read. The random read
mode is enabled when the page address is changed. The 2176 bytes (x8) or 1088 (x16) of data
within the selected page are transferred to the data registers in less than 30us(tR). The system
controller may detect the completion of this data transfer (tR) by analyzing the output of R/B pin.
Once the data in a page is loaded into the data registers, they may be read out in 25ns (3V)cycle
time by sequentially pulsing RE#. The repetitive high to low transitions of the RE# clock make the
device output the data starting from the selected column address up to the last column address.
The device may output random data in a page instead of the sequential data by writing random
data output command. The column address of next data, which is going to be out, may be changed
to the address which follows random data output command.

Random data output can be operated multiple times regardless of how many times it is done in a
page.

After power up device is in read mode, so 00h command cycle is not necessary to start a read
operation. Any operation other than read or random data output causes device to exit read mode.

Page Program

A page program cycle consists of a serial data loading period in which up to 2176 bytes of data may
be loaded into the data register, followed by a non-volatile programming period where the loaded
data is programmed into the appropriate cell. The serial data loading period begins by inputting the
Serial Data Input command (80h), followed by the five cycle address inputs and then serial data.
The words other than those to be programmed do not need to be loaded. The device supports
random data input within a page. The column address of next data, which will be entered, may be
changed to the address which follows random data input command (85h). Random data input may
be operated multiple times regardless of how many times it is done in a page.

The Page Program confirm command (10h) initiates the programming process. The internal write
state controller automatically executes the algorithms and controls timings necessary for program
and verify, thereby freeing the system controller for other tasks.

Once the program process starts, the Read Status Register commands (70h or 78h) may be issued
to read the status register. The system controller can detect the completion of a program cycle by
monitoring the RB# output, or the Status bit (I/0 6) of the Status Register.

Only the Read Status commands (70h or 78h) or Reset command are valid during programming is
in progress. When the Page Program is complete, the Write Status Bit (I/0 0) may be checked. The
internal write verify detects only errors for "1"s that are not successfully programmed to "0"s. The
command register remains in Read Status command mode until another valid command is written
to the command register.

The device is programmed basically by page, but it also allows multiple partial page programming
of a word or consecutive bytes up to 2176 (x8) or 1088 (x16) in a single page program cycle.

The number of consecutive partial page programming operations (NOP) within the same page must
not exceed 4. For example, 2 times for main array (1time/512byte) and 2 times for spare array
(1time/16byte).

ReV . 0 1 M ay . 2 0 20 ICMAX International CO., Limited reserves the right to change products or specifications without notice.
©2020 ICMAX International CO., Limited All rights reserved.
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Page Re-program

This command allows the re-programming of the same pattern of the last (failed) page into
another memory location. The command sequence initiates with re-program setup (8Bh),
followed by the five cycle address inputs of the target page. If the target pattern for the
destination page is not changed compared to the last page, the program confirm can be
issued (10h) without any data input cycle.

On the other hand, if the pattern bound for the target page is different from that of the
previous page, data in cycles can be issued before program confirm “10h”. During page-re-
program, address limitation applies as described in Figure 20 note 1 and 2 for copy-back
function.

Similarly, the multi-plane page re-program allows to re-program two pages in parallel, one
per each plane. The first page must be in the first plane while the second page must be in the
second plane; the multi-plane page re-program operation is performed after a previously
failed multi-plane page program operation. As for single page re-program case, multi-plane
page re-program can be issued without any data manipulation.

During multi-plane page-re-program, address limitation applies as described in Figure 28
notes 1 and 2 for multi-plane copy-back function.

Multi-plane program

Device supports multi-plane program: it is possible to program 2 pages in parallel, one per
each plane.

A multi-plane program cycle consists of a double serial data loading period in which up to
4352bytes of data may be loaded into the data register, followed by a non-volatile
programming period where the loaded data is programmed into the appropriate cell. The
serial data loading period begins with inputting the Serial Data Input command (80h),
followed by the five cycle address inputs and serial data for the 1st page. Address for this
page must be in the 1st plane(A18=0 for x8 devices, A17=0 for x16 devices). The device
supports random data input exactly same as in the case of page program operation. The
Dummy Page Program Confirm command (11h) stops 1st page data input and devices
becomes busy for a short time (tDBSY).

Once it has become ready again, either the traditional "81h" or the ONFI 1.0 "80h" command
must be issued, followed by 2nd page address (5 cycles) and its serial data input. Address for
this page must be in the 2nd plane (A18=1 for x8 devices, A17=1 for x16 devices).Program
Confirm command (10h) makes parallel programming of both pages to start. Figure 24 and
Figure 25 describe the sequences.

User can check operation status by monitoring RB# pin or reading status register commands
(70h or 78h), as if it were a normal page program: read status register command is also
available during Dummy Busy time (tDBSY).

In case of fail in any of 1st and 2nd page program, fail bit of status register will be set
however, in order to know which page failed, ONFI 1.0 "read status enhanced" command
must be issued Refer to section 3.10 for further info.

The number of consecutive partial page programming operations (NOP) within the same page
must not exceed 4. for example, 2 times for main array (1time/512byte) and 2 times for
spare array (1time/16byte).

ReV . 0 1 M ay . 2 0 2 0 ICMAX International CO., Limited reserves the right to change products or specifications without notice.
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Block Erase

The Block Erase operation is done on a block basis. Block address loading is accomplished in 3 cycles
initiated by an Erase Setup command (60h). Only addresses A18 to A28 are valid while A12 to A17 are
ignored. The Erase Confirm command (D0h) following the block address loading initiates the internal
erasing process. This two-step sequence of setup followed by execution command ensures that
memory contents are not accidentally erased due to external noise conditions. At the rising edge of
WE# after the erase confirm command input, the internal write controller handles erase and erase-
verify. Once the erase process starts, the Read Status Register commands (70h or 78h) may be issued
to read the status register. The system controller can detect the completion of an erase by monitoring
the RB# output, or the Status bit (I/O 6) of the Status Register. Only the Read Status commands (70h
or 78h) and Reset command are valid while erasing is in progress. When the erase operation is
completed, the Write Status Bit (I/O 0) may be checked. See

Multi-plane Block Erase
Multi-plane erase, allows parallel erase of two blocks in parallel, one per each memory plane.
Two different command sequences are allowed in these case, traditional and ONFI 1.0.
In traditional case, Block erase setup command (60h) must be repeated two times, followed by 1st and
2nd block address respectively (3 cycles each). As for block erase, DOh command makes embedded
operation to start. In this case, multi-plane erase does not need any Dummy Busy Time between 1st
and 2nd block insertion.
As an alternative, the ONFI 1.0 multi-plane command protocol can be used, with 60h erase setup
followed by 1st block address and D1h first confirm, 60h erase setup followed by 2nd block address
and DOh (multi-plane confirm). Between the two block-related sequences, a short busy time tIEBSYwill
occur. Address limitation required for multi-plane program applies also to multi-plane erase. Also
operation progress can be checked like in the multi-plane program through Read Status Register, or
ONFI 1.0 Read Status Enhanced.
As for multi-plane page program, the address of the first second page must be within the first plane
(A18=0 for x8 devices, A17=0 for x16 devices) and second plane (A18 = 1 for devices, A17=1 for x16
devices), respectively.

Copy-back Program
The copy-back program is configured to quickly and efficiently rewrite data stored in one page without
utilizing an external memory. Since the time-consuming cycles of serial access and re-loading cycles
are removed, the system performance is improved. The benefit is especially obvious when a portion of
a block is updated and the rest of the block is also needed to be copied to the newly assigned free
block. The operation for performing a copy-back program is a sequential execution of page-read
without serial access and copying-program with the address of destination page. A read operation with
"35h" command and the address of the source page moves the whole 2176 bytes(x8 Device) or 1088
words(x16 Device) data into the internal data buffer. As soon as the device returns to Ready state,
optional data read-out is allowed by toggling RE#, or copy-back command (85h) with the address
cycles of destination page may be written. The Program Confirm command (10h) is required to actually
begin the programming operation. Data input cycle for modifying a portion or multiple distant portions
of the source page is allowed as shown in Figure 20"Copy-back Program with Random Data Input".
When there is a program-failure at copy-back operation, error is reported by pass/fail status. But, if
copy-back operations are accumulated over time, bit error due to charge loss is not checked by
external error detection/correction scheme. For this reason, four bit error correction is recommended
for the use of copy-back operation. Figure 20shows the command sequence for the copy-back
operation. Please note that there are two things to do during copy-back program. First, Random Data
Input (with/without data) is entered before Program Confirm command(10h) after Random Data output.
Second, WP+# value is don't care during Read for copy-back, while it must be set to VccWhen
performing the program. During copy-back operation, address limitation applies as described in Figure
20 notes 1 and 2.
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Multi-plane copy-back Program

As for page program, device supports multi-plane copy-back program with exactly same sequence
and limitations. Multi-plane copy-back program must be preceded by 2 single page read for copy-
back command sequences (1st page must be read from the 1st plane and 2nd page from the 2nd
plane). Multi-plane copy-back cannot cross plane boundaries : the contents of the source page of
one device plane can be copied only to a destination page of the same plane.

Also in this case, two different sequences are allowed : the traditional one (85h, first plane address
11h, 81h, second plane address, 10h) represented in Figure 28, and ONFI 1.0 sequence (85h, first
plane address 11h, 85h, second plane address, 10h) represented in Figure 29 and Figure 30.

During multi-plane copy-back operation, address limitation applies as described in Figure 28 notes 1
and 2.

Special read for copy-back

The device feature the "special read for copy-back".

If copy-back read (described in sections 3.7 and 3.8) is triggered with confirm command "36h"
instead "35h", copy-back read from target page(s) will be executed with an increased internal
(Vpass) voltage.

This special feature is used in order to try to recover incorrigible ECC read errors due to over-
program or read disturb: it shall be used ONLY if ECC read errors have occurred in the source page
using "standard read" or "standard read for copy-back" sequences..

Excluding the copy-back read confirm command, all other features described in sections 3.7 and 3.8
for standard copy-back remain valid (including the figures referred to in those sections).

Read Status Register

The device contains a Status Register which may be read to find out whether read, program or erase
operation is completed, and whether the program or erase operation is completed successfully. After
writing 70h command to the command register, a read cycle outputs the content of the Status
Register to the I/0 pins on the falling edge of CE# or RE#, whichever occurs last. This two line
control allows the system to poll the progress of each device in multiple memory connections even
when R/B# pins are common-wired. RE# or CE# does not need to

be toggled for updated status. Refer to “Table 7. Status Register Coding" for specific Status Register
definitions. The command register remains in Status Read mode until further commands are issued
to it. Therefore, if the status register is read during a random read cycle, the read command (00h)
should be given before starting read cycles.

Read Status Enhanced

Read Status Enhanced is an additional feature used to retrieve the status value for a previous
operation on a specific plane in case of multi-plane operations.

Figure 11B defines the Read Status Enhanced behavior and timings. The plane address must be
specified in the command sequence in order to retrieve the status of the plane of interest.

Refer to Table 7. for specific Status Register definition. The command register remains in Status
Read mode until further commands are issued.

Status register is dynamic in other words, user is not required to toggle RE# / CE# to update it.
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Page Program /

Cache Program /

ID Page Reprogram Block Erase Read Read Cache Cache Reprogram Coding
N Page
0 Pass / Fail Pass / Fail NA NA Pass / Fall Pass: 0
Fail: 1
N - 1 Page
1 NA NA NA NA Pass / Fall Pass: 0
Fail: 1
NA NA NA NA NA —
NA NA NA NA NA —
4 NA NA NA NA NA —
Internal Data Operation
5 Ready / Busy Ready / Busy Ready / Busy Ready / Busy Ready / Busy Active: 0
Idle: 1
Ready / Busy
6 Ready / Busy Ready / Busy Ready / Busy Ready / Busy Ready / Busy Busy: 0
Ready: 1
7 Write Protect Write Protect NA NA Write Protect Protected: 0

Not Protected: 1

Reset

Table 6 : Status Register Coding

The device offers a reset feature, executed by writing FFh to the command register. If the device is
in Busy state during random read, program or erase mode, the reset operation will abort these
operations. The contents of memory cells being altered are no longer valid, as the data will be
partially programmed or erased. The command register is cleared to wait for the next command,
and the Status Register is cleared to value EOh when WP# is high. Refer to table 7 for device status
after reset operation. If the device is already in reset state a new reset command will not be
accepted by the command register. The RB# pin transitions to low for tRST after the Reset
command is written..
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Cache Read(available only within a block)

The Cache Read Sequential and Cache Read Random functions permit a page to be read from the
page register while another page is simultaneously read from the Flash array. A Page Read
command, as defined in table 5, shall be issued prior to the initial Cache Read Sequential or Cache
Read Random command in a Cache Read sequence. A Cache Read Sequential or Cache Read
Random command shall be issued prior to a Cache Read End (3Fh) command being issued.

The Cache Read (Sequential or Random) function may be issued after the Read function is complete
(SR[6] is set to one). The host may enter the address of the next page to be read from the Flash
array. Data output always begins at column address 00h. If the host does not enter an address to
retrieve, the next sequential page is read. When the Cache Read (Sequential or Random) function
is issued, SR[6] is cleared to zero (busy). After the operation is begun SR[6] is set to one (ready)
and the host may begin to read the data from the previous Read or Cache Read (Sequential or
Random) function. Issuing an additional Cache Read (Sequential or Random) function copies the
data most recently read from the array into the page register. When no more pages are to be read,
the final page is copied into the page register by issuing the 3Fh command. The host may begin to
read data from the page register when SR[6]is set to one (ready). When the 31h and 3Fh
commands are issued, SR[6] shall be cleared to zero (busy) until the page has finished being
copied from the Flash array. The host shall not issue a Cache Read Sequential (31h) command after
the last page of the block is read. Figure 15defines the Cache Read behavior and timings for the
beginning of the cache operations subsequent to a Read command being issued. SR[6] conveys
whether the next selected page can be read from the page register. During Cache Read operation
the only acceptable commands are Read Status, Random Data Output and Reset.

Cache Program (available only within a block)

Cache Program is used to improve the program throughput by programming data using the cache
register(Figure 21). The Cache Program operation can only be used only within one block. The cache
register allows new data to be input while the previous data that was transferred to the page buffer is
programmed into the memory array. After the serial data input command (80h) is loaded to the
command register, followed by 5 cycles of address, a full or partial page of data is latched into the
cache register. Once the cache write command (15h) is loaded to the command register, the data in
the cache register is transferred into the data register for cell programming. At this time the device
remains in Busy state for a short time (tCBSYW). After all data of the cache register are transferred into
the data register, the device returns to the Ready state, and allows loading the next data into the cache
register through another Cache Program command sequence (80h-15h). The Busy time following the
first sequence 80h-15h equals the time needed to transfer the data of cache register to the data
register. Cell programming of the data of data register and loading of the next data into the cache
register is consequently processed through a pipeline model. In case of any subsequent sequence 80h-
15h, transfer from the cache register to the data register is held off until cell programming of current
data register contents is complete: till this moment the device will stay in a busy state (tCBSYW). Read
Status commands (70h) may be issued to check the status of the different registers, and the pass/ fail
status of the Cache Program operations. More in detail: a) the Cache-Busy status bit I/O<6> indicates
when the cache register is ready to accept new data. b) the status bit I/O<5> can be used to
determine when the cell programming of the current data register contents is complete. c) the Cache
Program error bit I/O<1> can be used to identify if the previous page (page N-1) has been successfully
programmed or not in Cache Program operation. The latter can be polled upon I/0<6> status bit
changing to "1" . d) the error bit I/O<0> is used to identify if any error has been detected by the
program / erase controller while pro-gramming page N. The latter can be polled upon I/O<5> status bit
changing to "1". I/O<1> may be read together with I/O<0>. If the system monitors the progress of
the operation only with R/B#, the last page of the target program sequence must be programmed with
Page Program Confirm command (10h). If the Cache Program command (15h) is used instead, the
status bit I/O<5> must be polled to find out if the last programming is finished before starting any
other operation. See “table7. Status Register Coding".
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Multi-plane Cache Program

The device supports Multi-plane Cache Program, which enables high program throughput by
programming two pages in parallel while exploiting the data and cache registers of both planes to
implement cache. The device supports both the traditional and ONFI 1.0 command sets.

The command sequence can be summarized as follows:

a) Serial Data Input command (80h), followed by the five cycle address inputs and then serial
data for the 1st page. Address for this page must be within 1st plane (A18=0 for x8 devices,
A17=0 for x16 devices). The data of 1st page other than those to be programmed do not need
to be loaded. The device supports random data input exactly like page program operation.

b) The Dummy Page Program Confirm command (11h) stops 1st page data input and the device
becomes busy for a short time (tDBSY).

c) Once device returns to ready again, 81h (or 80h) command must be issued, followed by 2nd
page address (5 cycles) and its serial data input. Address for this page must be within 2nd
plane (A18=1 for x8 devices, A17=1 for x16 devices). The data of 2nd page other than those
to be programmed do not need to be loaded.

d) Cache Program confirm command (15h) Once the cache write command (15h) is loaded to the
command register, the data in the cache registers is transferred into the data registers for cell
programming. At this time the device remains in Busy state for a short time (tCBSYW). After
all data of the cache registers are transferred into the data registers, the device returns to the
Ready state, and allows loading the next data into the cache register through another Cache
Program command sequence.

The sequence 80h-...-11h...-...81h...-...15h (or the corresponding ONFI 80h-...-11h...-
...80h...-...15h ) can be iterated, and any new time the device will be busy for a for the
tCBSYW time needed to complete cell programming of current data registers contents, and
transfer from cache registers can be allowed.

The sequence to end Multi-plane Cache Program is 80h-...-11h...-...81h...-...10h (or 80h-...-
11h...-...80h...-...10h for the ONFI 1.0 case).Figure 31and Figure 32 show the command
sequence for the Multi-plane Cache Program operation for the two protocols. Multi-plane
Cache Program is available only within two paired blocks belonging to the two planes.

User can check operation status by R/B# pin or read status register commands (70h or 78h)If
user opts for 70h, Status register read will provide a "global" information about the operation
in the two planes. More in detail:

a) I/0<6> indicates when both cache registers are ready to accept new data.

b) I/0<5> indicates when the cell programming of the current data registers is complete)

¢) [/0<1> identifies if the previous pages in both planes (pages N-1) have been successfully
programmed or not. The latter can be polled upon I/O<6> status bit changing to "1".

d) d) I/O<0> identifies if any error has been detected by the program / erase controller while
programming the two pages N. The latter can be polled upon I/O<5> status bit changing to
Illll.

If the system monitor the progress of the operation only with R/B#, the last pages of the
target program sequence must be programmed with Page Program Confirm command (10h).
If the Cache Program command (15h) is used instead, the status bit I/O<5> must be polled to
find out if the last programming is finished before starting any other operation.
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Read ID

The device contains a product identification mode, initiated by writing 90h to the command register,
followed by an address input of 00h. Figure 16 shows the command sequence.

The 5-byte Read ID configuration are supported: The device operating mode (5-byte) is selected
through cam setting.

Legacy Read ID

Five read cycles sequentially output the manufacturer code (01h), and the device code and 3rd,
4th, and 5th cycle ID, respectively. The command register remains in Read ID mode until further
commands are issued to it. Figure 16 shows the operation sequence, while Table 8 to Table 12
explain the byte meaning. Complete read id code table is as follows.

Parameter Symbol
Device Identifier Byte Description
1st Manufacturer Code
2nd Device Identifier
3rd Internal chip number, cell Type, Number of Simultaneously Pr
ogrammed Pages, Interleaved Program, Write Cache
Page size, Block size, Spare Size, Organization,
4th . ;
Serial Acces time
5th ECC, Multi-plane information

Table 7 : "Legacy" Read ID bytes meaning

Read ID Data Table(5cycle)

Density | Voltage (Vcc) | Bus Width | V12"UfaCtUre €O/ peyice code| 3rd | ath | 5th
3.3V x8 01h DAh 90h 95h 46h
2Gbit
3.3V x16 01h CAh 90h D5h 46h
Table 8 : Legacy " Read ID for supported configurations
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3rdByte of Device Identifier Description

3rdcycle Description |I/07|I/06|1I/05/1/04/1/03|1/02/1/01|1/00
1 0 0
. 2 0 1
Internal Chip Number 4 1 0
8 1 1
2 Level Cell 0 0
Cell T 4 Level Cell 0 1
ell Type 8 Level Cell 1 0
16 Level Cell 1 1
1 0 0
Number of Simultaneous 2 0 1
ly programmed Pages 4 1 0
8 1 1
Interleaved Program Bet|Not Supporte 0
ween Multiple die d Supported 1
Not Supporte 0
Cache Program d Supported .
Table 9 : Legacy Read ID 3rd byte description
4th Byte of Device Identifier Description
4th cycle Description|1/07|1/06/1/05/1/04(1I/03|1/02|1/01|1/00
1KB 0 0
Page Size 2KB 0 1
(Without Spare Area) 4KB 1 0
8KB 1 1
64KB 0 0
Block Size 128KB 0 1
(Without Spare Area) 256KB 1 0
512KB 1 1
Redundant Area Size 16 0
(byte/512byte) 32 1
8 0
Number of IO xX16 1
45ns 0 0
. . . 25ns 1 0
Serial Access Time(min) Reserved a 1
Reserved 1 1
Table 10 : Legacy Read ID 4th byte description
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5thByte of Device Identifier Description

5th cycle Description |[I/07|I1/06|I/05|/1/04/1/03(I/02/1/01/1/00
1bit/512Bytes 8 0
2bit/512Bytes 1
ECC Level 4bit/512Bytes 1 0
8bit/512Bytes 1 1
1 0 0
2 0 1
Plane Number 4 1 0
8 1 1
64Mb 0 0 0
128Mb 0 0 1
256Mb 0 1 0
Plane Size 512Mb 0 1 1
(W/O redundant Area) 1Gb 1 0 0
2Gb 1 0 1
4Gb 1 1 0
8Gb 1 1 1
Reserved 0

Table 11 : Legacy Read ID 5th byte description

Read ONFI Signature

To retrieve the ONFI signature, the command 90h together with an address of 20h shall be entered
(i.e. it is not valid to enter an address of 00h and read 36 bytes to get the ONFI signature). The
ONFI signature is the ASCII encoding of 'ONFI' where 'O' = 4Fh, 'N' = 4Eh, 'F' = 46h, and 'I' = 49h.
Reading beyond four bytes yields indeterminate values.

Read Parameter Page

The Read Parameter Page function retrieves the data structure that describes the chip's organization,
features, timings and other behavioral parameters.

This data structure enables the host processor to automatically recognize the Nand Flash
configuration of a device. The whole data structure is repeated at least three times.

The Random Data Read command can be issued during execution of the read parameter page to
read specific portions of the parameter page.

The Read Status command may be used to check the status of read parameter page during
execution. After completion of the Read Status command, 00h is issued by the host on the command
line to continue with the data output flow for the Read Parameter Page command.

Read Status Enhanced shall not be used during execution of the Read Parameter Page command.
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Parameter Page Data Structure Definition

For parameters that span multiple bytes, the least significant byte of the parameter corresponds to

the first byte

Values are reported in the parameter page in units of bytes when referring to items related to the
size of data access (as in an 8-bit data access device). For example, the chip will return how many
data byte share in a page. For a device that supports 16-bit data access, the host is required to
convert byte values to word values for its use. Unused fields should be cleared to Oh.

For more detailed information about Parameter Page Data bits, refer to ONFI Specification 1.0

section 5.4.1

Byte o/m | Description
Revision information and features blodk
0-3 M Parameter page signature
Byte 0: 4Fh, "O"
Byte 1: 4Eh, "N"
Byte 2: 4gh, "F"
Byte 3: 45h, "I"
4-5 M Revision number
2-1% Reserved (D)
1 1 = supports ONFI version 1.0
0 Reserved (D)
&7 M Features supported
5-15 Reserved (0]
4 1 = supports odd to even page copy-back
3 1 = supports interleaved operations
2 1 = supports non-sequential page programming
1 1 = supports multiple LUN operations
o 1 = supports 16-bit data bus width
8-9 M Optional commands supported
6-15 Reserved (D)
c 1 = supports Read Unique ID
4 1 = supports copy-back
3 1 = supports Read Status Enhanced
2 1 = supports Get Features and Set Features
1 1 = supports Read Cache commands
0 1 = supports Page Cache Program command
10-31 Reserved (0]
Manufacturer information block
32-43 M Device manufacturer (12 ASCII characters)
44-53 M Device model {20 ASCII characters)
54 M JEDEC manufacturer ID
65-65 o] Date code
67-79 Reserved (D)
Memory organization block
BO-83 M Number of data bytes per page
B4-85 M Number of spare bytes per page
B5-8B9 M Number of data bytes per partial page
90-91 M Number of spare bytes per partial page
592-95 M Number of pages per block
96-99 M Number of blocks per logical unit {LUN)
100 M Number of logical units {LUNs)
101 M Mumber of address cycles
4-7 Column address cycles
0-3 Row address cycles
10z M Humber of bits per cell
103-104 M Bad blocks maximum per LUN
105-106 M Block endurance

Rev.01 May. 2020
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Byte o/M Description
Memory organization block
107 M Guaranteed valid blocks at beginning of tanget
108-109 M Block endurance for quaranteed wvalid blocks
110 M Number of programs per page
111 M Partial programming attribubes
-7 Reserved
4 1 = partial page layout is partial page
data followed by partial page spare
1-3 Reserved
0 1 = partial page programming has
constraints
112 M Number of bits ECC correctability
113 M Number of interleaved address bits
4-7 Reserved (0]
0-3 Number of interleaved address bits
114 [a] Interleaved operation attributes
4-7 Reserved (0]
3 Address restrictions for program cache
2 1 = program cache supported
1 1 = no block address restrictions
0 Overlapped | concurrent interleaving support
115-127 Resarved (0]
Electrical parameters block
128 M 1/ pin capacitance
129-130 M Timing mode support
&-15 Reserved (0]
g 1 = supports timing mode 5
4 1 = supports timing mode 4
3 1 = supports timing mode 3
2 1 = supports timing mode 2
1 1 = supports timing mode 1
0 1 = supports timing mode 0, shall be 1
131-132 o Program cache timing mode support
&-15 Reserved (0]
5 1 = supports timing mode 5
4 1 = supports timing mode 4
3 1 = supports timing mode 3
2 1 = supports timing mode 2
1 1 = supports timing mode 1
0 1 = supports timing mode D
133-134 M teery: Maximum page program time {us)
135-136 M tepge Maximum block erase time (ps)
137-138 M t, Maximum page read time {ps)
135-140 M tCCS Minimum change column setup time {ns)
141-163 Reserved (0)
VYendor block
164-165 M Vendor specific Revision number
166-253 Vendor specific
254-255 M Integrity CRC
Redundant Parameter Pages
2556-511 M Value of bytes 0-255
Li2-767 M Walue of bybes 0-255
768+ 4] Additional redundant parameter pages
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4. Other Features
Data Protection & Power on/off Sequence

The device is designed to offer protection from any involuntary program/erase during power-
transitions. An internal voltage detector disables all functions whenever VCCis below about 1.8v.
WP# pin provides hardware protection and is recommended to be kept at VILduring power-up and
power-down. A recovery time of minimum 10us is required before internal circuit gets ready for any
command sequences. The two-step command sequence

for program/erase provides additional software protection.

Ready / Busy

The device has a Ready/Busy output that provides method of indicating the completion of a page
program, erase, copy-back and random read completion. The R/B# pin is normally high and goes to
low when the device is busy (after a reset, read, program, and erase operation). It returns to high
when the internal controller has finished the operation. The pin is an open-drain driver thereby
allowing two or more R/B# outputs to be Or-tied. Because pull-up resistor value is related to
tR(R/B#) and current drain during busy (Ibusy),Its value can be determined by the following
guidance.

4.3 Write protect (#WP) handling

Erase and program operations are a aborted if WP# is driven low during busy time, and kept low
for about 100nsec. Switching WP# low during this time is equivalent to issuing a Reset command
(FFh)

The contents of memory cells being altered are no longer valid, as the data will be partially
programmed or erased. The R/B# pin will stay low for tRST(similarly to Figure 23). At the end of
this time, the command register is ready to process the next command, and the Status Register bit
I0<6> will be cleared to "1", while I0O<7> value will be related to the WP# value. Refer to Table 7
for more information on device status.

Erase and program operations are enabled or disabled by setting WP# to high or low respectively
prior to issuing the setup commands (80h or 60h).

The level of WP# shall be set tWW nsec prior to raising the WE# pin for the set up command.
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5.Device Parameters

Valid Blocks

Symbol Min Typ Max Unit
Valid Block
Number Nyg 2008 2048 Blocks
Table 15 : Valid Blocks Number
Notes:

1. The 1st block is guaranteed to be a valid block at the time of shipment.
2. Invalid blocks are one that contains one or more bad bits. The device may contain bad blocks
upon shipment.

Absolute Maximum Rating

Value
Symbol Parameter Unit
Min

Ambient Operating Temperature 0 to 70 °C
(Commercial Temperature Range)
Ambient Operating Temperature 225 to 85 °C
(Extended Temperature Range)

Ta
Ambient Operating Temperature -30 to 85 °C
(Mobile Operating Temperature
Ambient Operating Temperature 40 to 85 °C
(Industrial Temperature Range)

Taias Temperature Under Bias -50 to 125 °C

Tsrg Storage Temperature -65 to 150 °C

Vio Input or Output Voltage -0.6to 4.6

Ve Supply Voltage -0.6to 4.6

Table 16 : Absolute maximum ratings

Notes:

1.Please contact to ICMAX Solution and confirm the availability of the product.

2.Minimum Voltage may undershoot to -2V during transition and for less than 20ns during transitions.

3.Except for the rating "Operating Temperature Range”, stresses above those listed in the Table
“Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings
only and operation of the device at these or any other conditions above those indicated in the
Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating
conditions for extended periods may affect device reliability.
Refer also to the ICMAX Solution Program and other relevant quality documents.
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Test 2.7V ~ 3.6V .
Parameter Symbol Condition Min Tvo Mo Unit
FFh command 50
Power on reset current ICCO input after power on - - per device mA
tRC= tRC(min),
Read ICC1 CE#=VIL, - 15 30 mA
IOUT=0nA
Operating N | 30 A
orma m
current Program ICC2
Cache 40 mA
Erase ICC3 - 15 30 mA
Stand-by Current CE#=VIH,
(TTL) ICC4 | wp#=ov/vee 1 mA
Stand-by Current CE#=VCC-0.2,
(CMOS) ICC5 WP#=0V/VCC 10 >0 uA
Input Leakage Current ILI VIN=0 to VCC(MAX) +10 uA
VOUT=0 to
Output Leakage Current ILO VCC(MAX) +10 uA
Input High Voltage VIH - Vcex0.8 Vce+0.3
Input Low Voltage VIL - -0.3 0.2xVcc
Output High Voltage Level VOH IOH=-400 (A 2.4
Output Low Voltage Level VOL IOL=2.1 mA 0.4 Vv
Output Low Current (R/B#) | IOL (R/B#) | VOL=0.4V 8 10 mA

Table 17 : DC and Operating Characteristics
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5.4. AC Test Conditions(3.3v)

Value
Parameter
2.7V = Vcc = 3.6V
Input Pulse Levels 0 V to Vcc
Input Rise and Fall Times 5ns
Input and Output Timing Levels Vce/2
Output Load(1.7V-1.95V) 1 TTL GATE and CL=50pF

Table 18 : AC Test Conditions
Note:
These parameters are verified device characterization and are not 100% tested.
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ICMec2X

Pin Capacitance (TA=25°C, F=1.0Il;)

Item Symbol Test Condition Min Max Unit
Input Capacitance CIN VIN=0V - 10 pF
Input/Output Capacitance CI/O VIi=0V - 10 pF
Program/ Read / Erase Characteristics
Parameter Symbol Min | Typ Max Unit
Program Time tPROG - 300 700 us
Read Cache busy time tCBSYR 3 5 tR Us
Cache Program short busy time tCBSYW - 5 tPROG us
Cache Program busy time(ONFI) tPCBSY - 5 tPROG us
Multi-plane Erase busy time tIEBSY - 500 | 1000 ns
Multi-plane Program busy time(traditional) tDBSY - 500 [ 1000 ns
Multi-plane Program busy time(ONFI) tIPBSY - 500 [ 1000 ns
g:mber of Partial Program Cycles in the same pa NOP ) ) 4 cycles
Block Erase Time tBERS - 3.5 10 ms

Table 19 : Program / Erase Characteristics

Notes:

Typical value is measured at Vcc=3.3V, TA=25°((3.3V Device) or Vcc=1.8 V, TA=25°C(1.8V Device). .

Not 100% tested.
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AC Timing Characteristics

Mode 0 Mode 1 )
Parameter Symbol Min Max Min Max Unit

CLE setup Time tCLS 12 - 25 - ns
CLE Hold Time tCLH 5 - 10 - ns
/CE setup Time tCs 20 - 35 - ns
/CE Hold Time tCH 5 - 10 - ns
/WE Pulse Width tWP 12 - 25 - ns
ALE setup Time tALS 12 - 25 - ns
ALE Hold Time tALH 5 - 10 - ns
Data setup Time tDS 12 - 20 - ns
Data Hold Time tDH 5 - 10 - ns
Write Cycle Time twcC 25 - 45 - ns
/WE High Hold Time tWH 10 - 15 - ns
Address to Data loading Time tADL 70 = 100 - ns
Data Transfer from Cell to Register tR - 30 - 30 us
ALE to /RE Delay tAR 10 - 10 - ns
CLE to /RE Delay tCLR 10 - 10 - ns
Ready to /RE Low tRR 20 - 20 - ns
/RE Pulse Width tRP 12 - 25 - ns
WE High to Busy twB N 100 - 100 ns
Read Cycle Time tRC 25 - 45 - ns
/RE Access Time tREA - 20 - 30 ns
/RE High to Output Hi-Z tRHZ - 100 - 100 ns
/CE High to Output Hi-Z tCHZz - 30 - 50 ns
/CE High to ALE or CLE Don’t Care tCSD 10 - 10 - ns
/RE high to Output Hold tRHOH 15 - 15 - ns
/RE Low to Output Hold tRLOH 5 - - - ns
/RE or /CE High to Output hold tCOH 15 - 15 - ns
/RE High Hold Time tREH 10 - 15 - ns
Output Hi-Z to /RE Low tIR 0 - 0 - ns
/RE High to /WE Low tRHW 100 - 100 - ns
/WE High to /RE Low tWHR 60 - 60 - ns
CE# low to RE# low tCR 10 - 10 - Ns
?nga"é‘j;fg‘gf;';%g‘z) tRST - 5/10/500 - 5/10/500 | us
Write protect time tww 100 100 - ns

Table 20 : AC Timing Characteristics

Notes:

1. If Reset Command (FFh) is written at Ready state, the device goes into Busy for maximum 5us.
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6. Timing Diagrams

Command Latch Cycle Timings

CLE * ICLS tCLH
CE# 1 i [

tWp
WE# { ;{

3 tALS ol AR

ALE !N L ‘ -
DS | wH

1/Ox X Command

Figure 6 : Command latch timings

Address Latch Cycle Timings

. s -
CLE k
s
-/ - tWC————oe twe - tWC e tWC
CE# i
Y— twp r r—tWP—T—\—E \; tWP-/ \ /-—
WE# R—}m—tWH -—o\—_}#—twf'i—-; o—t\VH—o‘ - tWH K |
i tALS ALH ALS PALH  tALS o PALS BALH TALS IALH
| | @:r [ f |
\
ALE | . ‘ ‘.
t DH é D LDH
s ‘ tos tos tos |
1/0x XCol.Add IX Col.Add* iRc:w Add oW Addx | ow Addx

Figure 7 : Address latch timings
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Data Input Cycle Timings

o ICLH —<f

CLE ly
- ICH

CE# 7

wC
tALS
ALE ;
—IWP—

\__/,m

tps~H2H,

e tWP—{ el [=— WP —
\—}rtWH*-\—]

—-IDS

I/Ox

Note:

X

DIN 0 X X DIN 1 *: XDlelnalb | 4

Figure 8 : Data Input cycle timings

Data Input cycle is accepted to data register on the rising edge of WE#, when CLE and CE# and ALE
are low, and device is not Busy state.
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Data Output Cycle Timings (CLE=L, WE#=H, ALE=L, WP#=H)

CE# i . f
|
tREH -« @
REA \ tREA tREA tCOH
o > ‘ -~
X7 3 i |
tRHZ IRHz||
“Rron
/ \ 1
I/OX Dout | Dout T Dout
tRR—
|
|
R/B#
Figure 9 : Data output cycle timings
Notes:

1. Transition is measured +/-200mV from steady state voltage with load. This parameter is sampled
and not 100% tested. (tCHZ, tRHZ)
2. tRHOH is valid when frequency is lower than 33 MHz.

Data Output Cycle Timings (EDO type, CLE=L, WE#=H, ALE=L)

tCR
ces k= ; /

Ll

wCHZ
e lo— OH
4
RE# \ \ /
tRHZ
l___ MRHOH |
1l
1/0x G >O< -
: Dout /

tRR

R/B# ; i

Figure 10 : Data output cycle timings (EDO)

Notes:

1. Transition is measured +/-200mV from steady state voltage with load. This parameter is sampled
and not 100% tested. (tCHZ, tRHZ)

2. tRLOH is valid when frequency is higher than 33 MHz. tRHOH starts to be valid when frequency is lower
than 33 MHz.
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Read Status Cycle Timings

) tCLR
CLE / CLS __}k
ICLH
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\ £ ‘
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o WP — 1
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‘ TCOH
- —~ tWHR -
RE# Vk f
. IDH tREA | 1RHZ
=) i“—”"‘ L “RAO
I/Ox ‘< 70h X >7 SlalusOutpu1>
Figure 11A : Read status timings
CLE _/_\
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—

ALE

RE#
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Figure 11B : Read Status Enhanced cycle
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Page Read Operation Timings (Intercepted by CE#)

ML

o N
~ o
CE# ‘*‘lc_s‘ /W) Ve ] 7
SR A M\, 1
loww
Ak 1" / twe \ W’
RE# .
s
1/Ox h u m ;>
R/B# 7 4l
/7)) : Don't care

Figure 12 : Page read operation Timings (Intercepted by CE#)

Page Read Operation Timings with CE# don’t care

"""" CE# don't care

M%@M_%%MW
CLE_/—\ /—\
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ALE / @ @ g @ \ ! ' (C
; 7' 3\
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Figure 13 : Page Read Operation Timings with CE# don’t care
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Random Data Output Timings
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Figure 14 : Random data output timings
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Cache Read Operation Timings
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Figure 15 : Cache Read Operation Timings
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Read ID Operation Timings

ae I \
CE# _\

WE#2 _\m AR
o e X
Taimia TV,
1/Ox { 90h }— oo ) ADh \—{(Dovee )it oy —(5tn oyo—

Read ID Command Address 1 Cycle Maker Code Device Code

Figure 16 : Read ID operation timings

Page Program Operation Timings

S ( N
CLE _b_:s. \ \; 7 |\
ME | i h, 5 Y20

A AWAY aWAW N AW WA/ R =

RE# o @ v o Alo‘_ \, ) V% ‘L__/
1Ox w1 10n 70h }—{ Status
£ G terog -
R/B# )) R { '
/. 100 =0, pass
100=1, fail
V774 :Don'tcare
Figure 17 : Page Program Operation Timings
Note:

tADL is the time from the WE# rising edge of final address cycle to the WE# rising edge of first data cycle.
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Page Program Operation Timings with CE# don’t care

B CE# don t care
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¥ les
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Figure 18 : Page program operation timings with CE# don’t care
Note:

tADL is the time from the WE# rising edge of final address cycle to the WE# rising edge of first data cycle.

Random Data Input Timings

L /
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Figure 19 : Random Data Input Timings

Notes:
1. tADL is the time from the WE# rising edge of final address cycle to the WE# rising edge of first datacycle.
2. Random data input can be performed in a page.
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Copy-Back Program Operation Timings with Random Data Input
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Figure 20 : Copy-back program operation timing with random data input
Notes:

1. Copy-Back Program operation is allowed only within the same memory plane.

2. On the same plane, It's prohibited to operate copy-back program from an odd address page(source page)
to an even address page(target page) or from an even address page(source page) to an odd address
page(target page). Therefore, the copy-back program is permitted just between odd address pages or even

address pages.

3. tADL is the time from the WE# rising edge of final address cycle to the WE# rising edge of first datacycle.
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Cache Program Operation Timings
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F_igure 21 : Céché program operation_timiﬁgs_
Note:

vz

Don't care

tPROG = Program time for the last page + Program time for the (last -1)th page
- (command input cycle time + address input cycle time + Last page data loading time)
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Block Erase Operation Timings
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Figure 22 : Block erase operation timings

Reset Timings
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Figure 23 : Reset timings
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Multi-plane program

cte _/ \ /\ /\
ce#  \ JAN JAN
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e VANV VAT Y L VoV s WaAVAVAVAVAR SF (WA \f
(WBHLDBSY WB_, IPROG wH
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RE# oL o] SL_/’

vox OB ENEE-D * @@ DO EDED 6D 6 2 €) el 7on}—(10)
Todram
C Bumgnman?

)
J

)

Serial Data_ Column Address Page Row Address 1 uffto full page - (& Program Confirm Read Staus
Input Command age Row Address o] Serial input by Command (True) Command

—

R/B# | 4

Ex.) Address Restriction for Muttiplane Page Program

R/B# < tDBSYr <PROG

1/00~7 ‘Address & Data Input 11h Address & Data Input 70h

Col Add 1,2 and Row Add 1,2,3

Col Add 1,2 and Row Add 1,2,3
and Data k—ﬂ and Data

(Note 48)
A0 ~ A11: Valid A0 ~ A11: Valid
A12 ~ A17: Fixed ‘Low’ A12 ~ A17: Valid
A18: Fixed ‘Low’ A18: Fixed ‘High
A19 ~ A28: Fixed ‘Low’ A19 ~ A28: Valid

Figure 24 : Multi-plane page program (traditional protocol)

Notes:
1. The figure refers to x8 case. Please refer to Section 1.4 for address remapping rules for the x16 case
2. Any command between 11h and 81h is prohibited except 70h, 78h and FFh
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Cycle Type —CMD ADDRXADDRYADDRXADDRXADDR)—— DIN X DIN X DIN X DIN }{ cMD}————
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Figure 25 : Multi-plane page program (ONFI 1.0 protocol)

Notes:

C1A-C2A Column address for page A. C1A is the least significant byte.
R1A-R3A Row address for page A. R1A is the least significant byte.
DOA-DnA Data to program for page A.

C1B-C2B Column address for page B. C1B is the least significant byte.
R1B-R3B Row address for page B. R1B is the least significant byte.
DOB-DnB Data to program for page B.

Same restrictions on address of pages A and B, and allowed commands as Figure 24 apply
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Multi-plane Block Erase
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Ex. ) Address Restriction for Two-Plane Block Erase Operation

Erase Confirm Command

=D

Read Status Command

110 1 = 0 Successful Erase
140 1 = 1 Error in plane

R/B# [e=——{BERS —*
yox (6oh)-{ Address | 60n)o{ Address |{Doh {70n)
Row Adg1,2.3 Row Add1,2.3

A12 ~ A1T - Fixed Low' A12 ~ AT - Faed 'Low'

Al8 Fooad ‘Low’ At8 " Fixed ‘High'

A19 ~ A28 | Fixed Low' A9~ A28 - Vad

Figure 26 : Multi-plane block erase (traditional protocol)
Note:

The figure refers to x8 case. Please refer to Section 1.7 for address remapping rules for the x16 case
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Figure 27 : Multi-plane block erase (ONFI 1.0 protocol)

Notes:

R1A-R3A Row address for block on plane 0. R1A is the least significant byte.

R1B-R3B Row address for block on plane 1. R1B is the least significant byte.

Same restrictions on address of blocks on plane 0(A) and 1(B) and allowed commands as Figure 30 apply
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Multi-plane copy-back Program

R/B# tR tR ;
I
'
10 () Gersree) () () o) :
Col. Add.1.2 & Row Add.1,2,3 Col. Add.1,2 & Row Add.1,2,3 :
Source Address On Plane0 Source Address On Plane E
R/B# ' tDasy—+ —tPROG
'
|
'
1/0x :

| 1 Col. Add. 1,2 & Row Add.1,23 Col. Add.1,2 & Row Add.12,3
Destination Address Destination Address
Ao~ A - Fixed 'Low’ Aa ~ An ; Fixed Low'
A2 ~ At Fixed Low' Az ~ A7 Valid
A :Fixed 'Low’ At - Fixed "High'
A ~ Aze: Fixed "Low' Aw ~ Azs; Valid
Plane0

ﬁ

Targetpage | “Target page |  (1): Read for Copy Back On Plane0
4 + (2) : Read for Copy Back On Plane1
L @) 2 @ (3) : Two-Plane Copy-Back Program

— _
L T

t—| | ‘
Data Field Spare Field Data Field Spare Field

- 3

Figure 28 : Multi-plane copy-back program (traditional protocol)

Notes:

1. Copy-back program operation is allowed only within the same memory plane

2. On the same plane it is prohibited to operate copy-back program from an odd address page (source page)
to an even address page (target page) or from an even address page (source page) to an odd address page
(target page).

Therefore, the copy-back program is permitted just between odd address pages or even address pages.

3. Any command between 11h and 81 h is prohibited except 70h and FFh.

4. The figure refers to x8 case. Please refer to Section 1.7 for address remapping rules for the x16 case.
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Figure 29 : Multi-plane copy-back read (ONFI 1.0 protocol)

- ——

Notes:

C1A-C2A Column address for page A. C1A is the least significant byte.
R1A-R3A Row address for page A. R1A is the least significant byte.
C1B-C2B Column address for page B. C1B is the least significant byte.
R1B-R3B Row address for page B. R1B is the least significant byte.

1/Ox (eshXc1cX2eXR1cXR2XR3N 11h BhXCloX CZoX R1X R X R3p)X 10h) '
SR[6] \i— tippsy—i/ t toROG—H/ 1

Figure 30 : Multi-plane copy-back program (ONFI 1.0 protocol)

Notes:

C1C-C2C Column address for page C. C1A is the least significant byte.
R1C-R3C Row address for page C. R1A is the least significant byte.
DOC-DnC Data to program for page C.

C1D-C2D Column address for page D. C1B is the least significant byte.
R1D-R3D Row address for page D. R1B is the least significant byte.
DOD-DnD Data to program for page D.

Same restrictions on address of pages C and D, and allowed commands as Figure 28 apply
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! AO-AT1 - Vaid AD~A11 - Valid
! A12~A17 : Fixed "Low” A12~A17 : Valid
I A18 : Fixed "Low” A18 : Fixed “High®
R/B# | A19~A28 - Fixed "Low’ R A19~A28 - Valid teroG

® \/

2E = y £ N £ AN ;
c*_AAAAAARA & AAAAARAAA M

wes mmmmmﬁvu—

ML 'V} \

'

'

1

L]

]

)

+ '

" )

—~ . ]

Column Address Row Audre 4s '

3
4

Dri‘v\ Q@

1D8SY

/\ /\ /\
. AAAAABSAALA @ AAAAAAAA

WE#

ALE

RE#

I/Ox

: Column Address Row Address Column Address Row Address
R/BZ !
tDBSY tPROG
Figure 31 : Multi-plane cache program (traditional protocol)
Notes:

1. The figure refers to x8 case. Please refer to Section 1.7 for address remapping rules for the x16 case.
2. Read Status register (70h) is used in the figure. Read Status Enhanced (78h) can be also used.
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Command Input

Address Input |—{ Data Input Address Input |— Data Input ]—@—:—

AOD~A11 : Vald AO0~A11 : Vald

A12~A17 : Fixed "Low” A12~A17 : Valid !
A18 : Fixed "Low” A18 : Fixed "High" !
R/B# A19~A28 : Fixed "Low™ toesy A19~A28 : Valid (is/_l
\_/ I
Retunto 1 @
Repeat a max of 63 times |

Command Input

Address input |—{ Data Input Address Input [—] Data Input

AD~A11 : Vahd AD~A11 : Valid
A12~A17 : Fixed "Low™ A12~A17 : Vald
A18 : Fixed "Low” A18 : Fixed "High”

R/B# A19~A28 : Fixed "Low” tpesy A19~A28 - Vaiid tprOG

® "7 7

SR Y L /\ o :
c* _AAAAAPPA M AAAAAPDPA M

VS Y2 TAVAVAT A0 VAV Vv Vgl a¥ oV VoW

ALE / s / \

RE# T | tADL.

I/Ox = : on R\ 0 '

/0x 7 M EOEXEXE B O GO ENEDEIENE(D OO
R/B# Column Address Row Addregs Column Address Row Addregs

ae: 3 /) X /\ /\
ce#» + A AAAARAA il A
LA aWE v TaV VAl "Va¥ o We v VaWaWaVaVo Voo Van

ALE

/ \ / \
RE# s

1
I/Ox

3 Column Address  Row Address Column Address Row Address
R/B# :

@ tDBSY tPROG

Figure 32 : Multi-plane cache program (ONFI protocol)

Notes:
1. The figure refers to x8 case. Please refer to Section 1.7 for address remapping rules for the x16 case.
2. Read Status register (70h) is used in the figure. Read Status Enhanced (78h) can be also used.
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Page Re-program

As defined for Page
Program

(&)
Cycle Type m)@DDRXADORXAwRXAwRXADJDR)—( oalu X o X DIN X DIN }{CMD }——rt
ot

SR CHED CY Y T €D & Yoy y——|

jo TWE_ o
S ‘L PROG -
Rie] - =~ ot )
2]
Cycle Type 1-cMD XDOUT { cMD YADDR ADOR Y ADDRYADORKADDRY CMD )}
pax - ) Y E XA )
1y P2+ wnoe
SR(8] Fail ! —— ——— \
Page M

Figure 33 : Page Re-program

Figure 34 : Page Re-program with data manipulation
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Multi-plane Page Re-program

Multi-plane program
(previous pages)
Cycle Type
DQx
s |
SSLI —
(Al
Cycle Type+—{cmp )WADDRDR {aDDR)»— crD
Dox--—(aanXmXchme m 11h )
VB
|
i . — — IDBSY
Page M, plane 0
Cycle Type<—(CkD)Q\DDRXADDR)(ADnR)@DOR (pooR)—~ cvo
b Lo Y o X e X X X )—on)
TWH.
SRie) S————— - v
Page M, plane 1
Figure 35 : Multi-plane Page Re-program
Multi-plane program
(previous pages)
Cycle Type
DQx
wrRoG |
SR[6] Y A
(Al
Cycle Type4—cmo )Qm)@oszALm)QooR
DQx -——(sanX c1 X c2 X r1
SRI[6] —
Cycle Type
DQx

—
Page M, plane 1

Figure 36 : Multi-plane Page Re-program with data manipulation
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ae [\ ; E
WE# \/ X [ ;

1

|
ALE /e

. &

;*—tWHR '

1
Faony Gone Ly \
-~ {90} {20n) ::\4Fh>—<4Eh>—<46h>——<49h,
i
' tREA

Figure 37 : ONFI signature timing

= Y
WES Vi \J
ALE R\

eer)—oon— ——{ro P o{eu{ )

Figure 38 : Read Parameter Page timings
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Data Protection & Powe

r on/off Sequence

((
2.5 Veo(min)..env.n... /.. ) N Vec(min)
Vieeeee Z . . (S e Vih
VCC
oV __/ ((
))
dont /] r N dc"a';g
care
cE / ViH K
e ViL I Sms max X Operation ViL
Invalid don't
ReadyBusy / S

Figure 39 : Data protection and Power on/off(3.3V Device)

((
1.5 Veo{min ..o eaa... 4- }} PR *i v | 41 1 1]
VL--see e (e Wih
WiCC {[' “,
o
/ )
dont /] ikl
care \C&fﬂ
CE ViH
Vi Sms max Operation v
WP . e I
100us max H
Ivvalid b)) don't
care
ReadyBusy S

Figure 40 : Data protection and Power on/off(1.8V Device)
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Ready / Busy

The device has a Ready/Busy output that provides method of indicating the completion of a page
program, erase, copy-back and random read completion. The R/B# pin is hormally high and goes to
low when the device is busy (after a reset, read, program, and erase operation). It returns to high
when the internal controller has finished the operation. The pin is an open-drain driver thereby allowing
two or more R/B# outputs to be Or-tied. Because pull-up resistor value is related to tR (R/B#) and
current drain during busy (Ibusy), an appropriate value can be obtained with the following reference
chart (Figure 37). Its value can be determined by the following guidance.

Rp | ibusy

Voo : 0.1V Von : VCC-0.1V (1.8V device)
Vou : 0.4V Vos © 2.4V (3.3V device)

Ready Vet

RB

]
)
]
]
]
: 1 open drain output Vor
] ! ' :
. | ‘ i N e Busy s, Vot
1 1 : ' 7/
] 1 p—-.:
' ' » tf.
] 1
: GND 7777 :
i Device
Fg. Rp vs t, tf & Rp vs ibusy Fig. Rp vs tr, tf & Rp vs ibusy
@ Vec = 3.3V, Ta= 25°C, C.=50pF @ Vec = 1.8V, Ta = 25°C, C=30pF
327
C 300 - 43z Z3z00 4+ 4157
£ LT S E
B — 'S =
£ 2001 "‘ZE E200 L+ 11 8
2
100 4+ -4 1 100 =< 4 05
10 f 10 10 10
T - -+ :
1k 2k 3k 4k
Rp (ohm)
Rp value guidence
Vece (Max.) - Vou (Max. 3.2V
Rp (min 3.3V device) = ( ) ( ) =
Iow + ZIL 8mA + Z1i
Vec (Max.) - VoL (Max. 1.85v
Rp (min 1.8V device) = ( ) ( ) =
Iow+ 2L 3mA + 21t
where IL is the sum of the input currnts of all devices tied to the R/E pin.
Rp(max) is determined by maximum permissible limit of tr
Figure 41: Ready/Busy Pin Electrical Specifications
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Write Protect Operation

The Erase and Program Operations are automatically reset when WP# goes Low (tWW = 100ns, min).
The operations are enabled and disabled as follows.

WE=# Y / WE=# u
tiana Wb

1/0x {"aon {ion 1/0x { 80h } 4 10h )
WPz ¥ WPz T4
i
R/B# \ R/B#
Figure 42 : Enable Programming Figure 43 : Disable Programming

WEs A \_/ WE# /S

by iy
I/ LEFTT Sron b i L I A}
Jjox {600 { Doh 1/0x {8 i Doh
wes & we T X%

R/B# '-. R/B#

Figure 44 : Enable Erasing Figure 42 : Disable Erasing

ReV . 0 1 M ay . 2 0 20 ICMAX International CO., Limited reserves the right to change products or specifications without notice.
©2020 ICMAX International CO., Limited All rights reserved.



Iamax IMS2G0832ZC1S-WP

2Gb NAND FLASH Product

8. Application notes and comments
8.1 Bad Block Management

Devices with Bad Blocks have the same quality level and the same AC and DC characteristics as devices
where all the blocks are valid. A Bad Block does not affect the performance of valid blocks because it is
isolated from the bit line and common source line by a select transistor. The devices are supplied with all
the locations inside valid blocks erased (FFh). The Bad Block Information is written prior to shipping. Any
block where the 1st Byte in the spare area of the First and Second page does not contain FFh is a Bad
Block. The Bad Block Information must be read before any erase is attempted as the Bad Block
Information may be erased. For the system to be able to recognize the Bad Blocks based on the original
information it is recommended to create a Bad Block table following the flowchart shown in Figure 43.
The 1st block, which is placed on 00h block address, is guaranteed to be a valid block at the time of

shipment.
‘ START >

Block No= 0

]

Read FFh Eail
Check Column 2048(x8)/1024(x16)
of the 1st page

Pass
Block No. = Block No, +1

4

Read FFh Fad
Check Column 2048(x8)/1024{x16)
of the 2nd page

Entry Bad Block
Pass ]

-
-

No

Yes

Figure 43 : Bad block management flow chart

Notes:

1. Do not try to erase the detected bad blocks, because the bad bock information will be lost.

2. Do not perform program and erase operation in invalid block, it is impossible to guarantee the Input data
and to ensure that the function is normal.
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8.2. Bad Block Replacement

This device may have the invalid blocks when shipped from factory. An invalid block is one that
contains one or more bad bits. Over the lifetime of the device additional Bad Blocks may develop. In
this case, the block has to be replaced by copying the data to a valid block. These additional Bad Blocks
can be identified as attempts to program or erase them will give errors in the Status Register.

The failure of a page program operation does not affect the data in other pages in the same block. Bad
block can be replaced by re-programming the current data and copying the rest of the replaced block
to an available valid block. Refer to Table 23 and Figure 44 for the recommended procedure to follow if
an error occurs during an operation.

Operation - Recommanded Procedure
Erase - B|DE< Replacement
Program - BIUL‘I Replacement
Read ECC

Table 24 : Block failure

Block A BlockB
1% Page @) 17 Page
Data Data
Nth P ¢ (3)
age Failure Nth Page
FFh FFh

Controller

Figure 44 : Block replacement

Notes:

1. An error occurs on nth page of the Block A during Program or Erase operation.

2. Data in Block A is copied to same location in Block B which is valid block.

3. Nth page of block A which is in controller buffer memory is copied into nth page of Block B
4. Bad block table should be updated to prevent from erasing or programming Block A.
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