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FEATURES
M READ CACHE

M x81/0 BUS

l LEGACY/ONFI 2.0 COMMAND SET
- NAND Interface

- ADDRESS / DATA Multiplexing H FAST BLOCK ERASE

- Block size :

H SUPPLY VOLTAGE x8 : (128K + 8K) bytes

- VCC=1.8/2.7/3.3 Volt core supply voltage for Program, Erase - Block erase time : 2ms (Typ)

and Read operations
Hl MEMORY CELL ARRAY
- x8 : (2K +128) bytes x 64 pages x 4096 blocks

B PAGE READ / PROGRAM
- x8 :(2048+128 spare) byte

- Synchronous Page Read Operation M ELECTRONIC SIGNATURE
- Random access : 25us (Max) - Manufacturer Code
- Serial access : 30ns (1.8V) - Device Code
20ns (2.7/3.0V)
- Page program time : 200us (Typ) B STATUS REGISTER

B PAGE COPY BACK Il HARDWARE DATA PROTECTION

- Fast data copy without external buffering B DATA RETENTION

- 80K Program / Erase cycles
Bl CACHE PROGRAM

- Internal buffer to improve the program throughput - Data retention : 10 Years(8bit/512byte ECC)
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Part Numbering System

DS ND XX XX XXX - XX

Dosilicon
Memory

Product Family

ND  :NAND
Density

1G :1Gb
2G :2Gb
4G :4Gb
8G : 8Gb
6G : 16Gb
Organization
08 1 x8
16 :x16

Operation Voltage

u
L
S

]

: 3.3V
1 2.5V
1 1.8V

Package Type

0 : Bare Die

W : KGD

A : 12 x 20 mm? (TSOP1 48) H-ROHS & Halogen Free

B :12 x 17 mm? (ULGA 52) H-ROHS & Halogen Free

C : 9x9 mm? (48 FBGA) H-ROHS & Halogen Free

D : 9x11 mm? (63 FBGA) H-ROHS & Halogen Free

F :6.5x8 mm? (67 FBGA) H-ROHS & Halogen Free
— Temperature

C : Commercial (0°C~70°C)

E : Extended (-25°C~85°C)

| : Industrial (-40°C~85°C)

— Generation

D

Classification

1 :SLCS/B
2 :MLCS/B
3 :SLCL/B
4 :MLC L/B

Rev.03 (Nov.27.2024) 4



DOSi’iCOﬂ Dosilicon Confidential PN: DSND4GXXX3D

L3 N U PN 3
1 SUMIMARY DESCRIPTION ...t eieteieeeieieieeeteee e ee s e e e ee e e s e e e s e e e e e e e e e s e e e s e s e s e ae s e e e seseeaseaesasesesesasasasasasasasasasasasasesasesesssesesasesesesesesesnseenansnses 6
00 o o Yo [ ot A I P SPROTPPRTI 6
O T o F=TY o T o) o o PR 8
O VLYot u ol =Tl o] ool [ =Y 4 = o o TSRS 9
R Yo [o [ Y e [ TP UORTPTUPRP 10
1.5 COMMANG SEL ..uiiiiiiiiiieeiee ettt sttt ettt s b e ettt e s bt e e sbee e sbte e bt e e shteeabeeeshbeesbaeesabeenabeesabeesabeesabeesabeesabaesabeesabaesabeesataenaseenn 11
2 BUS OPERATION L. e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeeaaaees 13
2.0 COMMANG INPUL. .ttt ettt e st e et e s bt e e bt e sa bt e e bt e sabe e e bt e sabe e e bt e sab et e aseeeabe e e beeeabaeeaabeebbeesnneenneeesnneennees 13
2.2 AAArESS TNPUL. ©eeneeeiiiieieeiet ettt sttt s e et e st e et e e s bt e e bt e sa bt e et e e sab et e abeesabeeeabeesabe e e aseeeabe e e beeeabeeeaabesabeeesnneennaeesnneenes 13
RS B D =) = I 1 ] o1 | PP PO PP PP RPN 13
A D) - I O 10 o1 U ) SO OPON 13
R I iV (= o o) =T ot SO PP PPPPPURTPTPPRt 13
B I 7 [ 0o | o125 PRSP URRRNE 13
3 DEVICE OPERATION L.ttt e eiiitiieee s e eeeteee e e e e ettt e e e e e e e eaeaa e e e e eeetatau i eeeeeeaasaaa e eeeesaasnnnaseeeeenasnnnsseeenenssnnnseseeenssssnnnseserenssnnnnn 14
BLL PABE REAM. ittt ettt et st e b e sttt e bt s b et e bt e e a b et e bt e e bt e e b ee e b et e b e e e b et e he e e be e e bt e s be e e aneeebeeesnneenes 14
3.2 MUILIPIE PIan@ P REAM. ...ccueiiiiieeieeiee ettt ettt sttt sttt e s bt s bt e s b et e bt e sabe e e beeeabe e e bt e sabeeennneeenaeesnneenees 14
e 3 2 (=TT [ - [l o [T RO UP U UURURRRRRPRt 14
3.4 MUtiple Plane REAA CaACRE.........uiieeeiieee ettt e st e e et e e ettt e e e sabaee e e staeeeeasaaeessbeeeestaeeeanseaeesssasasansaeeeannns 15
R - Tl e o T=4 -1 o A OPPON 15
3.6 MUIIPIE Plan@ PrOZIamMi.. ... eiii ettt e et e e et et e e e te e e e s bt e e e estteeesassseeesassaeeassaeeeassaaeesssaaeastaeeeansssessassasesanseeeeanns 15
I A 0o T o)V 2 - [ol S o Y= - A SRR SPPPRRNE 15
3.8 Multiple plane CoOPY DAk Program.........cio o iiiiiie ittt ettt e s b e s b e e s b et e sbe e e sbee e sabeeabteesaneesnaeesaneenneas 16
I I 0 1ol o Tl ol oY= = o o H PR USPPPRRN 16
I O Y [T o o] Y TN @1 o T o o Y= - o PR SRPPRRN 16
310 BIOCK EF@SE. .eveieiieieieiitee ettt et te e ettt e e ettt e sttt e e s sube e e s eaute e e saub e e e s aabbeeeeasteeesab b e e e sabb e e e e nba e e s abe e e e eabbeeeeeabaeeeenbeeesanbeeeeabaeeeanee 17
S A\ W] o] 1o o] T Y=l = = T TP UURRNt 17
N R (T Lo B - DT 2 U=Y 4 1) = PR UURURRt 18
3.14 REAd STAtUS ENNANCEA ...ttt ettt e e ettt e s eab b e e e sab bt e e e abeeesaabeeeesabbeeeeabeeeseasbeeesanbeeesanbaeesnnnee 18
3.15 Read Status Register field definition ..o s e e st e e et e e et e e e snree e e e raeeeennne 19
IR K3 =TT N 0 T OO OO PSPPSRI PP T PPTORPOP 20
I A (== PP PSP PP PPPPRT PP 21
3,18 REAA PaAramMEter PO ....cccviiiiiiiiee ettt ettt e sttt e e e sttt e e sttt e eeatee e e s baeeeaateeesassaeeessseeeeessteeesasseeeeansseeeessaneeanseneesnnseeessseeesanne 22
3.19 Parameter Page Data STtructure Definition .........coi ittt e e e et e e e st e e e eette e e seabaeeeetaeeeennes 22
RV L = Y (UL =l O] o =T -1 o] o 3OS 24
L LA Tol B - T =T 4 1= (= ST U P U PPPPPRRPPOt 27
I 10 Y[ o V= DI = - [ o PP PPPP SRR 30
(I = - 1o =1 T Yo QY= 1 F= ==Y 0 =T o RSP US 47
Y ] o] e To ) €=To [ - 1ol 3SR 49

Rev.03 (Nov.27.2024) 5



Dosilicon Dosilicon Confidential PN: DSND4GXXX3D

1 SUMMARY DESCRIPTION

DSND4GO08X3D is a 512Mx8bit with spare 32Mx8 (x8) bit capacity.

The device is offered in 3.3/1.8 Vcc Power Supply, and with x8 /O interface.

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 4096 blocks, composed by 64 pages consisting in two NAND structures of 32 series connected Flash cells.
Memory array is split into 2 planes, each of them consisting of 2048 blocks.

Program operation allows the 2176-byte page writing in typical 200us and an erase operation can be performed in typical 2
ms on a 128K-byte block.

In addition to this, thanks to multi-plane architecture, it is possible to program 2 pages at a time (one per each plane) or to
erase 2 blocks at a time (again, one per each plane).

Data in the page can be read out at 20ns cycle time per word (2.7/3V version), and at 30ns cycle time per word (1.8V
version). The I/O pins serve as the ports for address and data input/output as well as command input. This interface allows a
reduced pin count and easy migration towards different densities, without any rearrangement of footprint.

Commands, Data and Addresses are synchronously introduced using CE#, WE#, ALE and CLE input pin.

The on-chip Program/Erase Controller automates all program and erase functions including pulse repetition, where required,
and internal verification and margining of data. The modify operations can be locked using the WP# input pin.

This device supports ONFI 2.0 specification.

The output pin RB# (open drain buffer) signals the status of the device during each operation. In a system with multiple
memories the RB# pins can be connected all together to provide a global status signal.

The DSND4GXXX3D is available in the following packages : 48-TSOP1 12 x 20 mm package, FBGA63 9 x 11 mm.

1.1 Product List

PART NUMBER ORGANIZATION VCC RANGE PACKAGE
DSND4G08S3D X8 1.65-1.95 Volt FBGA, TSOP
DSND4G08U3D X8 2.7-3.6\Volt FBGA, TSOP

Rev.03 (Nov.27.2024) 6
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Vce
DQO-DQ7 (x8)
cet —(O)
DQO-DQ15 (x16
wetr ——() (a6)
RB#

RE# — O—

ALE

CLE

wpg ——()
Vss
Figure 1: Logic Diagram

DQ7 - DQO Data Input / Outputs (x8/x16)
DQ15 - DQS8 Data Input / Outputs (x16)
CLE Command latch enable
ALE Address latch enable
CE# Chip Enable
RE# Read Enable
WE# Write Enable
WP# Write Protect
RB# Ready / Busy
Vce Power supply
Vss Ground
NC No Connection

Table 1: signal names

Rev.03 (Nov.27.2024) 7
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1.2 Pin description

Pin Name Description

DATA INPUTS/OUTPUTS

DQO-DQ7(x8) The DQ pins allow to input command, address and data and to output data during read / program operations. The
inputs are latched on the rising edge of Write Enable (WE#). The I/O buffer float to High-Z when the device is

deselected or the 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
(WEH#).
ADDRESS LATCH ENABLE

ALE This input activates the latching of the DQ inputs inside the Command Register on the Rising edge of Write Enable
(WEH#).

CE# CHIP ENABLE

This input controls the selection of the device. When the device is busy CE# low does not deselect the memory.

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#.

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 PROTECT

WP#
The WP# pin, when Low, provides an Hardware protection against undesired modify (program / erase) operations.
RB# READY BUSY
The Ready/Busy output is an Open Drain pin that signals the state of the memory.
SUPPLY VOLTAGE
Vcc The VCC supplies the power for all the operations (Read, Write, Erase). An internal lock circuit prevent the insertion
of Commands when Vcc is less than Viko
Vss GROUND
NC / DNU NOT CONNECTED / DON’T USE

Table 2 : pin description

Notes:
1. A 0.1 uF 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.03 (Nov.27.2024) 8
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1.3 Functional block diagram

Figure 2 : block description

ADDRESS
REGISTER
— /
COUNTER
v
A A
PROGRAM
ERASE
CONTROLLER X
HV GENERATION b
4096 Mbit + 256 Mbit E
C
NAND FLASH 0
WE# D
e MEMORY ARRAY E
CE# R
> COMMAND -
WP#
— Mleee
RE#
—>
COMMAND —> PAGE BUFFER
I REGISTER
> Y DECODER
4 y
DATA
I REGISTER
BUFFERS
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1.4 Address role

DQO pQl DQ2 DQ3 DQ4 DQ5 DQ6 DQ7
1 Cycle AO Al A2 A3 Ad A5 A6 A7
2" Cycle A8 A9 A10 Al1 0 0 0 0
31 Cycle A12 A13 Al4 A15 Al6 Al7 A18 A19
4™ Cycle A20 A21 A22 A23 A24 A25 A26 A27
5% Cycle (*) A28 A29 A30 A31 0 0 0 0

Table 3 : Address Cycle Map (x8)

(*): A30 for 8Gbit DDP. A31 for 16Gbit QDP

A0 —A11: byte (column) address in the page
Al12 — Al17 : page address in the block
A18 : plane address (for multi-plane operations) / block address (for normal operations)

A19 — A31 : block address

Rev.03 (Nov.27.2024) 10
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1.5 Command Set

1t Acceptable
FUNCTION CYCLE 2" CYCLE | 39 CYCLE | 4t CYCLE cor.nmand
during busy
READ 00h 30h - -
LEGACY MULTI PLANE READ 60h 60h 30h
ONFI MULTIPLANE READ 00h 32h 00h 30h
READ FOR COPY-BACK 00h 35h - -
LEGACY MULTI READ FOR COPY-BACK 60h 60h 35h
ONFI MULTIPLANE READ FOR COPY-BACK 00h 32h 00h 35h
READ ID 90h - - -
RESET FFh - - - Yes
PAGE PGM (start) / CACHE PGM (end) 80h 10h - -
CACHE PGM (Start/continue) 80h 15h - -
COPY BACK PGM 85h 10h - -
LEGACY MULTI PLANE PROGRAM 80h 11h 81h 10h
ONFI MULTIPLANE PROGRAM 80h 11h 80h 10h
LEGACY MULTIPLANE CACHE PGM (start/cont) 80h 11h 81h 15h
ONFI MULTIPLANE CACHE PGM (start/cont) 80h 11h 80h 15h
LEGACY MULTIPLANE CACHE PGM (end) 80h 11h 81h 10h
ONFI MULTIPLANE CACHE PGM (end) 80h 11h 80h 10h
LEGACY MULTI PLANE COPY BACK PROGRAM 85h 11h 81h 10h
ONFI MULTIPLANE COPYBACK PGM 85h 11h 85h 10h
BLOCK ERASE 60h DOh - -
LEGACY MULTI PLANE BLOCK ERASE 60h 60h DOh -
ONFI MULTIPLANE BLOCK ERASE 60h D1h 60h DOh
READ STATUS REGISTER 70h - - - Yes
READ STATUS ENHANCED 78h Yes
RANDOM DATA INPUT 85h - - -
RANDOM DATA OUTPUT 05h EOh - -
LEGACY RANDOM DATA OUTPUT ENHANCED 00h 05h EOh
ONFI RANDOM DATA OUTPUT ENHANCED 06h EOh
READ CACHE (SEQUENTIAL) 31h
READ CACHE ENHANCED (RANDOM) 00h 31h - -
ONFI MULTIPLANE READ CACHE (RANDOM) 00h 32h 00h 31h
READ CACHE END 3Fh - - -
READ PARAMETER PAGE ECh
READ ONFI UNIQUE ID EDh - - -
GET FEATURE EEh
SET FEATURE EFh

Table 5 : Command Set
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CLE ALE CE# WE# RE# WP# MODE
H L L Rising H X Command Input
L H L Rising H X Read Mode = Jdress Input
H L L Rising H H . Command Input
L H L Rising H H Write Mode = dress Input
L L L Rising H H Data Input
L L L H Falling X Data Output (on going)
X X LW H H X Data Output (suspended) @
L L L H H X Busy time in Read
X X X X X H Busy time in Program
X X X X X H Busy time in Erase
X X X X X L Write Protect
X X H X X 0V /Vcc | Stand By

Table 6 : Mode Selection

Rev.03 (Nov.27.2024) 12
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2 BUS OPERATION

2.1 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 Figure
3 and Table 20 for details of the timings requirements. Command codes are always applied on 10<7:0>, disregarding the bus
configuration.

2.2 Address Input.

Address Input bus operation allows the insertion of the memory address. 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 Figure 4 and
Table 20 for details of the timings requirements. Addresses are always applied on 10<7:0>, disregarding the bus configuration.

2.3 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 Figure 5 and Table 20 for
details of the timings requirements.

2.4 Data Output.

Data Output bus operation allows to read data from the memory array and to check the status register content, the lock
status and the ID data. Data can be serially shifted out toggling the Read Enable pin with Chip Enable low, Write Enable High,
Address Latch Enable low, and Command Latch Enable low. See Figure 6,7,8 and Table 20 for details of the timings
requirements.

2.5 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.

2.6 Standby.

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

Rev.03 (Nov.27.2024) 13
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3 DEVICE OPERATION

3.1 Page Read.

Upon initial device power up, the device defaults to Read mode. This operation is also initiated by writing 00h and 30h to the
command register along with 5 address cycles. In two consecutive read operations, the second one does need 00h command,
which four address cycles and 30h command initiates that operation. Second read operation always requires setup command
if first read operation was executed using also random data out command.

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 device) of data within the selected page are transferred to the data registers in less
than 25us(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 20ns cycle time (3V version) or 30ns cycle
time (1.8V version) 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 consecutive 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.

Check Figure 10,11,12 as references.

3.2 Multiple Plane Page Read.

Multiple plane page read operations improve data throughput by copying data from more than one plane simultaneously to
the specified cache registers. This is done by multiple plane page read (00h-32h-00h-30h or 60h-60h-30h ) command

When the die (LUN) is ready, the ONFI RANDOM DATA OUTPUT ENHANCED (06h-EOh) command determines which plane
outputs data. During data output, the following commands can be used to read and modify the data in the cache registers:
RANDOM DATA READ (05h-EOh) and RANDOM DATA INPUT (85h).

Check Figure 13 as references.

3.3 Read Cache

The Read Cache function permits a page to be read from the page register while another page is simultaneously read from
the Flash array. A Read Page command, as defined in 3.1, shall be issued prior to the initial sequential or random Read Cache
command in a read cache sequence.

The Read Cache 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 Read Cache 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 Read Cache function. Issuing an additional Read Cache 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 sequential Read Cache (31h) command after the last page of the device is read.

Figure 14 defines the Read Cache 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. Figure 15 defines
the Read Cache behavior and timings for the end of cache operation.

The device does not support to mix sequential cache-read and random cache read together.

Rev.03 (Nov.27.2024) 14
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3.4 Multiple Plane Read Cache.

Multiple plane read cache operations can be used to output data from more than one cache register while concurrently
copying one or more pages from the NAND Flash array to the data register. This is done by prepending MULTIPLANE
READ(00h-00h-30h) commands in front of the READ CACHE (31h) command.

The device does not support to mix sequential cache-read and random cache read together.

3.5 Page Program.

The device is programmed basically by page, but it does allow multiple partial page programming of a word or consecutive
bytes up to 2176 (X8 device), in a single page program cycle.

A page program cycle consists of a serial data loading period in which up to 2176 bytes (X8 device) 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 5 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 in 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 timings necessary for program and verify, thereby freeing the system controller
for other tasks. Once the program process starts, the Read Status Register command may be entered 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
(1/0 6) of the Status Register. Only the Read Status command and Reset command are valid while programming is in progress.
When the Page Program is complete, the Write Status Bit (I/O 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. Figure 16,17 detail the sequence.

3.6 Multiple plane program

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

A multiple 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 5
cycle address inputs and serial data for the 15t page. Address for this page must be in the 1% plane (A<18>=0). The device
supports random data input exactly same as in the case of page program operation. The Dummy Page Program Confirm
command (11h) stops 1°t page data input and devices becomes busy for a short time (toesv). Once it has become ready again,
either the “81h” or “80h” command must be issued, followed by 2" page address (5 cycles) and its serial data input. Address
for this page must be in the 2" plane (A<18>=1). Program Confirm command (10h) makes parallel programming of both
pages to start. Figure 17 details this 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 (tossy).

In case of fail in any of 1%t and 2" page program, fail bit of status register will be set; however, in order to know which page
failed, ONFI 2.0 “read status enhanced” command must be issued Refer to section 3.14 for further info.

3.7 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 2176byte (X8 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)
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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 19.

3.8 Multiple 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 (1% page must be read
from the 1 plane and 2" page from the 2" 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 .

It is represented in Figure 20.

3.9 Cache Program

Cache Program is an extension of the standard page program which is executed with two 2176 bytes(x8 device) registers, the
data and the cache register.

In short, the cache program allows data insertion for one page while program of another page is under execution. Cache
program is available only within a block.

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 (tpcssy). 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 (tecssy).

Read Status commands (70h) may be issued to check the status of the different registers, and the pass/fail status of the
cached program operations. It is represented in Figure 21.

More in detail:

a) the Cache-Busy status bit I/0<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 1/0<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 1/0<6> status bit changing to "1" .

d) the error bit I/0<0> is used to identify if any error has been detected by the program / erase controller while programming
page N. The latter can be polled upon 1/0<5> status bit changing to "1".

I/0<1> may be read together with 1/0<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 1/0<5> must be polled to find out if the last programming is finished before starting any other operation.

3.10 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 Legacy and ONFI 2.0 command sets.

The command sequence can be summarized as follows :
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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 (A<18>=0). 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 (A<18>=1). 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 (tecasy). 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.

new time the device will be busy for a for the trcasy 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
2.0 case) .

Figure 22 shows 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) 1/0<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

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

d) I/0<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/0<5> status bit changing to "1".

See Table 7 for more details

If the system monitors 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 1/0<5> must be polled to find out if the last programming is finished before starting any other operation.

3.11 Block Erase.

The Erase operation is done on a block basis. Block address loading is accomplished in 3 cycles initiated by an Erase Setup
command (60h). The Erase Confirm command (DOh) 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 command may be entered 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 command and Reset command are valid while erasing is in progress. When the erase operation is
completed, the Write Status Bit (I/0 0) may be checked.

Figure 23 details the sequence.

3.12 Multiple plane Erase

Multiple plane erase, allows parallel erase of two blocks in parallel, one per each memory plane.
Two different command sequences are allowed in these case, Legacy and ONFI 2.0.
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In case of Legacy, 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, multiplane
erase does not need any Dummy Busy Time between 1st and 2nd block insertion.

See Figure 23 for details.

As an alternative, the ONFI 2.0 multiplane command protocol can be used , with 60h erase setup followed by 1% block
address and D1h first confirm, 60h erase setup followed by 2™ block address and DOh (multiplane confirm) . Between the
two block-related sequences, a short busy time TIEBSY will occur. See Table 19 and Figure 25 for details.

Address limitation required for multiple plane program applies also to multiple plane erase. Also operation progress can be
checked like in the multiple plane program through Read Status Register, or ONFI 2.0 Read Status Enhanced .

3.13 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 1/0 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 RB#
pins are common-wired. RE# or CE# does not need to be toggled for updated status. Refer to Table 7 for specific Status
Register definitions, and Figure 8 for specific timings requirements. 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.

3.14 Read Status Enhanced

Read Status Enhanced is an additional feature used to retrieve the status value for a previous operation in the following
cases :

- on a specific die of a multi-dice stack configurations (single CE#), in case of concurrent operations

- on a specific plane in case of multi-plane operations in the same die. .

Figure 9 defines the Read Status Enhanced behavior and timings. The plane and die address must be specified in the
command sequence in order to retrieve the status of the die and 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.
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3.15 Read Status Register field definition

Table 7 below lists the meaning of each bit of Read Status Register and Read Status Enhanced

Cache
10 Page Block Erase Read Cache A CODING
Program Read Cache
reprogram
. . NA Pass/Fail N page
0 | Pass/Fail Pass / Fail NA Pass: ‘O’ Fail: ‘1’
NA Pass/Fail N-1page
! NA NA NA Pass: ‘0’ Fail: ‘1’
2 | NA NA NA NA NA )
3 | NA NA NA NA NA )
4 | NA NA NA NA NA )
R B Active: ‘0’
5 Ready/Busy Ready/Busy Ready/Busy Ready/Busy eady /Busy Idcltelxi’ 0
Ready/Busy Data cache Read/Busy
6 Ready/Busy Ready/Busy Ready/Busy Ready/Busy Busy: 0’ Readyr1’
7 Write Protect | Write Protect | Write Protect Write Protect | Write Protect | Protected: ‘0 )
Not Protected: ‘1

Table 7 : Status Register Coding
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3.16 Read ID.

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

DENSITY ORG. vcce 1t 2nd 3rd 4th @ 5th
4Gbit X8 3.0V ESh DCh 90h 95h 47h
X8 1.8V ESh Ach 90h 15h 47h

. X8 3.0v ESh D3h D1h 95h 4Bh
8Ghit DDP X8 1.8V ESh A3h D1h 15h 4Bh
16Gbit X8 3.0v ESh D5h D2h 95h 4Fh
QpP X8 1.8V ESh A5h D2h 15h 4Fh

Table 8: Read ID for supported configurations

DEVICE IDENTIFIER BYTE DESCRIPTION
1t Manufacturer Code
2nd Device Identifier
3rd Internal chip number, cell type,....
4th Page Size, Block Size, Spare Size, Organization
5th Multiplane information

Table 9 : Read ID bytes meaning

Description DQ7 DQ6 DQ5-4 DQ3-2 DQ1-0
1 00
. 2 01
Internal Chip Number 4 10
8 11
2 Level Cell 00
Cell Type 4 Level Cell 01
8 Level Cell 10
16 Level Cell 11
Number of simultaneously ; 8 2
programmed pages 4 10
8 11
Interleaved program between Not Supported 0
multiple dice Supported 1
Not Supported 0
Cache Program Supported 1

Table 10 : 3™ byte of Device Identifier Description
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Description DQ7 DQ6 DQ5-4 DQ3 DQ2 DQ1-0
1KB 00
Page Size 2KB 01
(Without Spare Area) 4KB 10
8KB 11
Spare Area Size 16 0
(Byte / 512 Byte) 32 1
64KB 00
Block Size 128KB 01
(Without Spare Area) 256KB 10
512KB 11
o X8 0
Organization 16 1
. i 50ns/30ns 0 0
Serial Access Time 20ns 1 0
Reserved 0 1
Reserved 1 1

Table 11 : 4" Byte of Device Identifier Description

Description DQ7 DQ6-4 DQ3-2 DQ1-0
1bit/512Byte 00
2bit/512Byte 01
ECC Level 4bit/512Byte 10
8bit/512Byte 11
1 00
2 01
Plane Number 4 10
8 11
128Mb 000
256Mb 001
512Mb 010
Plane Size 1Gb 011
(Without Spare Area) 2Gb 100
4Gb 101
8Gb 110
16Gb 111
Reserved 0

Table 12 : 5% Byte of Device Identifier Description

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 ASCIl encoding of ‘ONFI’ where ‘O’
= 4Fh, ‘N’ = 4Eh, ‘F’ = 46h, and ‘I’ = 49h. Reading beyond four bytes yields indeterminate values. Figure 26 shows the
operation sequence .

3.17 Reset.

The device offers a reset feature, executed by writing FFh to the command register. When 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
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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 (see Figure 28).

3.18 Read Parameter Page

The Read Parameter Page function retrieves the data structure that describes the chip’s organization, features, timings and
other behavioral parameters. Figure 28 defines the Read Parameter Page behavior.

Values in the parameter page are static and shall not change. The host is not required to read the parameter page after
power management events.

The Change Read Column command can be issued during execution of the Read Parameter Page to read specific portions of
the parameter page.

Read Status may be used to check the status of Read Parameter Page during execution. After completion of the Read Status
command, 00h shall be 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.

3.19 Parameter Page Data Structure Definition

Table 13 defines the parameter page data structure. 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 bytes are 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 block

0-3 M Parameter page signature
Byte 0: 4Fh, “O”
Byte 1: 4Eh, “N”
Byte 2: 46h, “F”
Byte 3: 49h, “1”
4-5 M Revision number
2-15 Reserved (0)
1 1 = supports ONFI version 1.0
0 Reserved (0)
6-7 M Features supported
5-15 Reserved (0)
4 1 = supports odd to even page Copyback
3 1 = supports interleaved operations
2 1 = supports non-sequential page programming
1 1 = supports multiple LUN operations
0 1 = supports 16-bit data bus width
8-9 M Optional commands supported
6-15 Reserved (0)
5 1 = supports Read Unique ID
4 1 = supports Copyback
3 1 = supports Read Status Enhanced
2 1 = supports Get Features and Set Features
1 1 = supports Read Cache 22ntegrit
0 1 = supports Page Cache Program command
10-31 Reserved (0)

Manufacturer information block

32-43 M Device manufacturer (12 ASCII characters)
44-63 M Device model (20 ASCII characters)

64 M JEDEC manufacturer ID

65-66 ) Date code

67-79 Reserved (0)
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Byte o/M | Description
Memory organization block
80-83 M Number of data bytes per page
84-85 M Number of spare bytes per page
86-89 M Number of data bytes per partial page
90-91 M Number of spare bytes per partial page
92-95 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 Number of address cycles
4-7 Column address cycles
0-3 Row address cycles
102 M Number of bits per cell
103-104 M Bad blocks maximum per LUN
105-106 M Block endurance
107 M Guaranteed valid blocks at beginning of target
108-109 M Block endurance for guaranteed valid blocks
110 M Number of programs per page
111 M Partial programming attributes
5-7 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 0 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 Reserved (0)
Electrical parameters block
128 M 1/0 pin capacitance
129-130 M Timing mode support
6-15 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 0, shall be 1
131-132 6] Program cache timing mode support
6-15 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 0
133-134 M trroc Maximum page program time (us)
135-136 M teers Maximum block erase time (us)
137-138 M tr Maximum page read time (us)
139-163 Reserved (0)
Vendor block
164-165 M Vendor specific Revision number
166-253 Vendor specific
254-255 M Integrity CRC
Redundant Parameter Pages
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Byte o/M Description

256-511 M Value of bytes 0-255

512-767 M Value of bytes 0-255

768+ 0 Additional redundant parameter pages

Table 13 : Parameter page data

Note : “O” stands for Optional, “M” for Mandatory

3.20 Feature Operations

The SET FEATURES (EFh) and GET FEATURES (EEh) commands are used to modify the target's default power-on behavior.
These commands use a one-byte feature address to determine which subfeature parameters will be read or modified. Each
feature address (in the 00h to FFh range) is defined in below. The SET FEATURES (EFh) command writes subfeature
parameters (P1-P4) to the specified feature address. The GET FEATURES command reads the subfeature parameters (P1—-P4)
at the specified feature address..

Feature Address Definition
00h Reserved
01h Timing mode
02h —7Fh Reserved
80h Programmable output drive strength
81h Programmable RB# pull-down strength
82h-FFh Reserved

Feature Addresses 01h: Timing Mode

Sub Feature
Parameter 7 6 > 4 3 2 1 2
P1 Reserved (0) Timing Mode Number
P2 Reserved (0)
P3 Reserved (0)
P4 Reserved (0)

Timing Mode Number  Set to the numerical value of the maximum timing mode in use by the host.
Default power-on value is Oh.

Feature Addresses 80h: Programmable output drive strength

Sub Feature Parameter 7 6 5 4 3 2 1 0
P1 Reserved (0) Drive Strength
P2 Reserved (0)
P3 Reserved (0)
P4 Reserved (0)
Drive strength 00b = Full(default)
01b = Three-quarters
10b = One-half

11b = One-quarter

Feature Addresses 81h: Programmable R/B# pull-down strength
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Sub Feature Parameter 7 6 5 4 3 2 1 0
Pull-Down
P1 R
eserved (0) Strength
P2 Reserved (0)
P3 Reserved (0)
P4 Reserved (0)
Drive strength 00b = Full(default)
01b = Three-quarters
10b = One-half

11b = One-quarter

The SET FEATURES (EFh) command writes the subfeature parameters (P1-P4) to the specified feature address to enable or
disable target-specific features. This command is accepted by the target only when all die (LUNs) on the target are idle
Writing EFh to the command register puts the target in the set features mode. The target stays in this mode until another
command is issued.

The EFh command is followed by a valid feature address. The host waits for tADL before the subfeature parameters are input.
When the asynchronous interface is active, one subfeature parameter is latched per rising edge of WE#.

After all four subfeature parameters are input, the target goes busy for tFEAT. The READ STATUS (70h) command can be used
to monitor for command completion.

Feature address 01h (timing mode) operation is unique. If SET FEATURES is used to modify the interface type, the target will
be busy for tITC.

Cycle Type D:N ENR DD
< tADL > |
DQx EFh FA P1 >< P2 >< P3 >.< P4 >
|
« B,

tFEAT

R/B# 7

Set Features timing

FA Feature address identifying feature to modify settings for.

P1-P4  Parameters identifying new settings for the feature specified.

P1 Sub feature parameter 1
P2 Sub feature parameter 2
P3 Sub feature parameter 3
P4 Sub feature parameter 4

The GET FEATURES (EEh) command reads the subfeature parameters (P1—P4) from the specified feature address. This
command is accepted by the target only when all die (LUNs) on the target are idle.

Writing EEh to the command register puts the target in get features mode. The target stays in this mode until another valid
command is issued.

When the EEh command is followed by a feature address, the target goes busy for tFEAT.

If the READ STATUS (70h) command is used to monitor for command completion, the READ MODE (00h) command must be
used to re-enable data output mode. During and prior to data output, use of the READ STATUS ENHANCED (78h) command is
prohibited prior to and during data output.

After tFEAT completes, the host enables data output mode to read the subfeature parameters.
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Cycle Type { pout M pouT H{ pout H DOUT )

DQx EEh H FA ) Pt H P2 s M P2

tRR
PRI >
1, tFEAT
R/B#
Get Features timing
FA Feature address identifying feature to return parameters for.

P1-P4  Current settings/parameters for the feature identified by argument P1

P1 Sub feature parameter 1 setting
P2 Sub feature parameter 2 setting
P3 Sub feature parameter 3 setting
P4 Sub feature parameter 4 setting
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4 Device Parameters

Parameter Symbol Min Typ Max Unit
Valid Block Number, 4Gb Nvs 4016 - 4096 Blocks
Valid Block Number, 8Gb (DDP) Nvs 8032 - 8192 Blocks
Valid Block Number, 16Gb (QDP) Nvs 16064 - 16384 Blocks
Table 14: Valid Blocks Number
Value
Symbol Parameter Unit
i 18V | 27V | 3.0V
Ambient Operating Temperature (Temperature Range Option 1) 0to 70 0to 70 0to 70 °C
Ta _ _ _
Ambient Operating Temperature (Temperature Range Option 6) 4:5t0 4;;0 4;);0 °C
. -50to =50 to -50to .
Taias Temperature Under Bias 125 125 125 C
-65 to -65 to —65 to o
Tste Storage Temperature 150 150 150 C
-0.6 to -0.6 to -0.6 to
(2)
Vio Input or Output Voltage 27 46 46 Vv
-0.6 to -0.6 to -0.6 to
Vee Supply Voltage 27 16 46 \
Table 15: Absolute maximum ratings
1.8Volt 2.7Volt 3.0Volt
Parameter 2 ful) Test Conditions = o = o = o Unit
ol Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Sequential trc = 50ns, CE#=V,_
| ’ - 10 20 - 15 30 - 15 30 A
Operating Read ca lour=0mA m
Current Program I ; ; 10 | 20 ; 15 | 30 ; 15 | 30 | mA
Erase lccs - - 10 20 - 15 30 - 15 30 mA
Stand-by Current (TTL) lcca CE#=V |4, WP#=0V/Vc - - 1 - 1 1 mA
CE#=Vc-0.2,
Stand-By Current (CMOS) lccs WPH=0/Vcc 10 50 10 50 10 50 uA
Input Leakage Current lu Vin=0 to Vc (max) - - +10 - - +10 - +10 uA
Output Leakage Current lio Vour=0 to Vce(max) - - +10 - - +10 - +10 uA
. 0.8x Vee 0.8x Vee 0.8x Ve
Input High Voltage Vi . Ve T 403 | Ve T 403 | Ve T o3| VY
Input Low Voltage Vi - -0.3 - 0.2x -0.3 - 0.2 -0.3 - 0-2x Y
Ve Ve Ve
. _ Vee- Vee-
E)utplut High Voltage Vo lon = -100uA 01 - - 04 - - v
eve low = -400uA 2.4 - - \
lo. = 100uA - - 0.1 - - 0.4 \
Output Low Volt Level V
utput fow Vollage teve o lo.= 2.1mA ; "l oa | v
Output Low Current (RB#) loL Vo =0.1V 3 4 - 3 4 - mA
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| | (RB#) | Vo,=0.4V I N N I 8 |10 [ - [ mA]
Table 16: DC and Operating Characteristics
Parameter Value
1.8Volt 2.7Volt 3.0Volt
Input Pulse Levels 0V to Vcc 0V to Vcc 0V to Vcc
Input Rise and Fall Times 5ns 5ns 5ns
Input and Output Timing Levels Vee /2 Vee /2 Vee /2
1 TTL GATE and 1 TTL GATE and 1TTL GATE and
Output Load (1.65V —1.95V & 2.5V - 3.6V) CL=30pF CL=30pF CL=50pF
Table 17: AC Test Conditions
Item Symbol Test Condition Min Max Unit
Input / Output Capacitance (1) Cijo ViL=0V - 10 pF
Input Capacitance (1) Cin Vin =0V - 10 pF

Table 18 : Pin Capacitance (TA = 25C, f=1.0MHz)

NOTE: For the stacked devices version the Input Capacitance is 10pF x <number of stacked chips) and the 1/0 capacitance is 10pF x <number of stacked

chips)

Parameter Symbol Min Typ Max Unit
Program Time / Multi-plane program Time trroG - 200 700 us
Dummy Busy Time for Two Plane Program tossy - 0.5 1 us
Cache program short busy time tPcBsY 5 trroG us
Numbe.r of partial Program Main + Spare NOP i i 4 Cycle
Cycles in the same page Array
Block Erase Time / Multi-plane Erase Time tBeRs - 2.0 10 ms
Read Cache busy time tresy 5 tR us
Multi-plane erase short busy time (ONFI protocol only) tiessy 0.5 1 us

Table 19: Program / Erase Characteristics
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Parameter Symbol 1.8 Volt 2.7 Volt 3.0 Volt Unit
Min Max Min Max

CLE Setup time teis 10 10 10 ns
CLE Hold time tow 5 5 5 ns
CE# Setup time tcs 25 15 15 ns
CE# Hold time ten 5 5 5 ns
WE# Pulse width twe 15 10 10 ns
ALE Setup time taLs 10 10 10 ns
ALE Hold time tALH 5 5 5 ns
Data Setup time tos 10 7 7 ns
Data Hold time ton 5 5 5 ns
Write Cycle time twe 30 20 20 ns
WE# High Hold time twH 10 7 7 ns
Address to Data Loading time tabL 100 70 70 ns
Data Transfer from Cell to Register R 25 25 25 us
ALE to RE# Delay tar 10 10 10 ns
CLE to RE# Delay tor 10 10 10 ns
Ready to RE# Low trRr 20 20 20 ns
RE# Pulse Width trp 15 10 10 ns
WE# High to Busy tws 100 100 100 ns
Read Cycle Time tre 30 20 20 ns
RE# Access Time trea 30 16 16 ns
CE# Access Time tcea 45 25 25 ns
RE# High to Output Hi-Z tRHz 100 100 100 ns
CE# High to Output Hi-Z teHz 30 30 30 ns
CE# High to ALE or CLE Don’t care tesp 10 10 10 ns
RE# High to Output Hold trHOH 15 15 15 ns
RE# Low to Output Hold tRLOH - 5 5 ns
CE# High to Output Hold tcon 15 15 15 ns
RE# High Hold Time tReH 10 7 7 ns
Output Hi-Z to RE# Low tir 0 0 0 ns
RE# High to WE# Low TrRHW 100 100 100 ns
WE# High to RE# Low twHR 60 60 60 ns
Device Resetting Time trst Séég/ Séég/ 5;(1)8/ us
(Read/Program/Erase) ) ) )

Werite protection time tww 100 100 100 ns

Table 20 : AC Timing Characteristics
NOTE:

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

CLE % 4}\
[ fcLs———«—tCLH

— N tcs »<—tcH

CE -\ }

- tWF’_"'{[

WE .

- taLs It taLH
ALE \ %
{Ds—«—1DH
1/Ox Command
Figure 3 : Command Latch Cycle
N tCLs
CLE \
< tcs >
CE \ twe > twe »le twc >
- —twp—+ 4—tWP—r74—mrp—>74—twp—-z/7
WE 1 1 ] ! ] J A ]
 e—twH— \_._;4—tWH—1- e tWH—
. taLH taLS taLH taLs taLH taLs taLH
« taLs e - >t < e < >
ALE ] [ Z \_/
tDSﬁtEt' tDs ﬂ'@ﬁ TDS-MTEE tDs > o
/10X Col. Add1 Col. Add2 Row Add1 Row Add2

Figure 4 : Address Latch Cycle
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“'—ICLHA}/

CLE )
_ l—tcH
e 7
1
— - twe »
ALE 1
A it
e—twpP—sy twP—
WE e % _
tDs o tDs» tod
1/0x * DIN 1 k DIN final
Figure 5 : Input Data Latch Cycle
CE N tRC >
Ji
h t6HZ |
tREH»
tREA tREA tREA tcon
_ [t [
RE . . -
\ | \| \ 1.
trHZ tRHZ
trror
1/Qx }- Dout — Dout
tRR—
_ it
R/IB

tRLOH is valid when frequency is higher than 33MHz.
tRHOH starts to be valid when frequency is lower than 33MHz.

NOTES : Transition is measured at £200mV from steady state voltage with load.
This parameter is sampled and not 100% tested.

Figure 6 : Sequential Out Cycle after Read
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tRC tcHz
trRe | trREH fcoH

A A

-l

R | ‘— / | \7 trRHZ

L

tREA L tRea >
" trLOH " {RHOH
« fceEa " g
R N -
1/Ox Dout >O( Dout —
1
tRR "
t
R/IB ‘Z‘
NOTES : Transition is measured at +200mV from steady state voltage with load.
This parameter is sampled and not 100% tested.
tRLOH is valid when frequency is higher than 33MHz.
tRHCH starts to be valid when frequency is lower than 33MHz.
Figure 7 : Sequential Out Cycle after Read
tCLR
CLE % T
"I +i | )
| ICLS toLH
* O FIITIIT i T,
CE _éﬁéfgﬁgﬁ % .éﬁéﬁéﬁg?éﬁéﬁéﬁg:
?/5/55/55/5, foionianiaiaiinn s
tcH
twp—| /
WE 1 .
e—ICEA —* tcHZ |
le—»l
< fWHR tCoH
RE L /
tDH tREA | [RHZ
tDS—» +—tIR + -
tRHOH
AL
S
lIox \ Toh R Status Output|}
Ly

Figure 8 : Status Read Cycle
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CLE [\
o AVavavay
ALE / \

\J

Figure 9: Read Status Enhanced cycle

fCLR

7
CLE

tWB
|
tAR
S,
ALE :; \ ////
tRHZ
TR tRC
tRR—>{ |«
/Ox E;/% 00h XCOI. AddiXCol.Add..’-‘XRow Add1><Rcrw Add:XRuw MUBX 30h Dout N ' - DoutM }——
Column Address Row Address

RIB —Busy-!

Figure 10 : Read Operation (Read One Page)
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N

e _/\ | \ A

— % ﬁ
CE é/ % ]
AV aVaAVAVAVAW:
e tcrz
tAR |
77 tCORH
ALE / \ @
1R > tRC
= YaWaVa«
RE 7
fRR 5 le
110X Z’AZ’/X 00h Xca. Add1X Cal. Add:XRow Add1 XRW MuzXRw AddSX 30h } { Dout N >_¢)°“t N+1—{Dout N+
Column Address Row Address ?
N | -
R}'E FBusyr

Figure 11 : Read Operation intercepted by CE#
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_/_\ /o N /o
W
tCLR
-
S
\ N

tws
R tRHW tWHR
{AR >
\ W
/ N / \
|+—tR — tRC tREA
tRR
AR \ /
A 00h X Col Add1 § Col. Add2 X Row Add1  Row Add2 § Row Add3 30h / \[}out N ut N+1 05h Col Add1 § Col Add2 =iy Dout M out M+
Column Address Row Address T Column Address T
\—'—f
fBusyj

Figure 12 : Random Data Output

ae |/ \ / \ /—\—L
wes \/ "/ ./ \/ \_/ / /. S

ALE / / \

RE#
Page address M Page address M

VOx DG e, -GG {30n)

Plane D address Plane 1 address R

CLE ! ) / \, / \ N
s l ) NV aVaVaVaVaValy, 2
ALE ! )) / \ )

v0x ——~Dour O)Bour TX] X Dour ) 53X 58 S X ERr—{E0n)—(Pour O Pour X ] X Bour -

I Plane 0 data Plane 1 address Plane 1 data

Figure 13 : multiple plane read
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ae [\ [ I [

1
1
- 1
e\ AR AR ! A
1
twC 1
1
_— ﬁ I 1
" LU \ ay
1
1
1
ALE / Y '
1
R tRCBSY 1RC : {RCBSY
X 1
_ T [
RE B WB ﬂ\_/—\_f\_/ 1 W8 I/
e — 1 —
1
1
LI 1 wR ||
1
- - . ey e 1 . .
1Ox WC@I. Add1>< Cal. AddeRowAdM) RowAdd2><HowAdd3 M 30h \, 31h} {DoY{D1 ] ou 31h ) (Do}
Plge Address M : Page [Addrass M+1
Col. Add. 0 : Cel. Add. 0
. —_ _—
RIB | ‘i‘ [
Figure 14 :read cache timings, start of cache operation
CLE ,’: \ / \ / \
1
1
CE | AR AR A
1
1
T 1
WE Y \ \
1
1
ALE T
1 tRCBSY tRC tRCBSY RC tRCBSY tRC
' . N N
1 y ! )
—_— | il Iy Iy
RE / : tWE Hﬂ/ \_/ HWE MU HWE ﬂ_/_\_/ i
1 [ i a— [
1 tRHh tRRh iDHh "
. <
— N , oy e - R
lox ouF :@( 31h ) (D0Y{D1 out @(3“1\, {D0'(D1 out 3Fh } {D0Y{D1
1 Page Address M+2 Pape Address M+3 Page Address M+4
1
: Col. Add. D Col. Add. D Col. Add. 0
— T
RIB | . | [
1

Figure 15 : read cache timings, end of cache operation
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CLE / \ X W%
e\ Vi

L

twc twe » twc
— i
WE q \4
tapL twe =etPROGH
tWHR

ALE / \
== \
RE
1/Ox @ ol ﬁdeC:i M:thw AclmXRode:Z%ﬁow.Aﬂd ﬂ 10h 70

SenaIData 1 up to m Byte Program Read Status

Input Command Column Address Row Address Serial Input Command Command

R/B x'\_;q |

Figure 16 : Page Program Operation

1/00=0 Successful Program
1i00=1 Emor in Program

)
)

ny o

€\ AR
twe — twe twe
We _ /_L{ WY\ /
tapL taDL twe HetPROG »
[tWHR
ALE / \—/—\ m
RE Lﬁ
1/Ox \\\\ Col. Add1 { Col Add2 XR:» Adﬂxauw Add XRUw adm}—@{: W\\ @ M @_@_
Serial Data Read Status
Input Command Column Address Row Address Serial Input nﬁ??ﬁgﬂ: Column Address Serial Input Command Commandu
R/IB

Figure 17 : Random Data In
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ce [/ \ [\ [\ [\ [\

AW
— ! [
WE MWUUUL{—WMMUW Y
. tDBSY twe

tWHR

) . - 3
Noge R 60886
) l }
Serial Data Column Address  Page Row Address { up to 2112 Byte Data cﬁﬁ?nd ' mn%onﬁ " Read Status Command
Input Command Serial Input (Dummy} (Tnue)
RiB -
L, -

Figure 18 : multi-plane program

_ tPROG

ALE \ / \ twa|
Ll RS |

RE Mﬂj\]

L/

= B

f = i
- 0 T S (o O o) 510 4 20 € o g
Coumn Addiess  Row Address ' T ColumnAddress  Row Address ! Reafl Status Command
B - \

RIE \p/ L/

Busy Busy

1'Co=0 Successful Program
Frqupg-ggﬂngi? 1iCo=1 Emor in Program

Figure 19 : Copy Back read with optional data readout /Copy back program with optional data input
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_ 1R +tR :
RiB L ] :
1
1
1
11Ox @ Add_(5Cycles) @ @ Add.(5Cycles) K 35h :
Col. Add 1,2 & Row Add 123 Col. Add.1,2 & Row Add. 1,23 .

Source Address On Plane0 Source Address On Plane

— <+ fDBSY <—tPrROG
RiB I L]

! Note3
III Col. Add.1,2 & Row Add.1,23 | | Col. Add.1,2 & Row Add.1,23

Destination Address Destination Address
Ap ~ A1 - Fixed 'Low’ Ao~ A1t - Fixed Low’
Aiz ~ A17 - Fixed 'Low’ Adz ~ Ai7: Valid
Aig :Fixed 'Low’ At : Fixed "High’
Astg ~ Az Fixed 'Low’ A1 ~ Azo: Valid

Figure 20 : multi-plane copyback program
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CE 1
: we
_ ; . —
We m%p N 1\ W\
1 s (PCBSY 1 [WB iprOGZ |
1 " 1 T 1
1 1 1
ALE / \ N / \ AR ]
1 1 !
I 1 |
RE : tADL Qt\ : tADL NN | \_/_
1 1 !
I | I
1
o B8 -0
derial Dt Column Address — Feaw Address Serial Input m”nd ! e |
Indut Command (ummy) | (True) |
—_ 1 T
RIB S W :
! Max. 127 times repeatable ! Last Page Input & Program |
D e LT R T Pl - »
1 1 1
Figure 21 : cache program
| |ﬁl .'_'_|
CLE \ N R \ N \
_ 3 _
e\ .
e HOL ! t‘.'-'C
w0 L ‘A RN R La ’_‘i IR 'R AYE
WE \J AVAVAY J ';]U A AVAY b"nl 'h Y iU
Lol
1
ALE / \ / \ !
. 1 \ i e \ . 1
1
bl II I
— .. T
RE 1
1
''''' \, ¥y I \,\ ) D ; AW AT
10X Wm o )(,.-;Y ﬁﬁﬂ-u{ [y ){if\_r,(fﬂ”:}{m} .,:ux dad Khu‘&é. w}—\ BBy ::L {15h) ;u{] o)
Go:'r Address HUAAncress Column Add'ess u:rr ar: 1
(Cache) 1
_ y —
R'B L 1
— —
cle [ JoN \ A
L g
E A
1‘.'|'C ﬁ_
— — \ —
WE Ir_‘l“ '|_." !
VE
ALE / | )
L §
RE '
11Ox _,;ix 44 .{hlﬂ{% hH\gm{ XLD:":‘J (19"1\
1 Column Address Fbmkx:ress Column Add'\ess Row Address unn .— "
i . ]
e 1 \ s |
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Figure 22 : multi-plane cache program
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CLE / \ / \ L7 ] \

ey
ﬁ//i//i//i//.

E —\ Z//,///://j/ /}\

ﬁ/%/%/zz
LS

twc

ﬁ %/// 77 ///2? L/-

tWe —»«——1tBERS —»

- tWHR
ALE / ﬂé///j///;///:a

A A
S

RE %/// /// ///2?

sy " { \
1/1Ox /;/25% 60h KRmAddIXRm\rAdd‘XRowAdd:}I Dok} { 70h }
r

T Row Address I
R/B | sy
Auto Block Erase Erase Command
Setup Command Read Status
Command

Figure 23 : Block Erase Operation (Erase One Block)

IlOo=0 Successful Erase
1f00=1 Error in Erase

e/ \ /\ /T \ == /

UThRIIRY
RN

_— AR RN
CE \ RN R
twc twc
J— RN
WE Ll /
«——{WB —>+——1BERS —> _IWHR
ALE / N\ Vi AY e T
RE Ny v/
N { \ [ \
1/Ox g 60h Xﬂow Add1XRow Add%ow Add 60h XRow Add1XRow AddQXRow Add3l  DOh 70h oo
: _ oh ) (L WLl
Row Address Row Address T
R/IB R Busy 1
Block Erase Setup Command1 Block Erase Setup Command2 Erase Confirm Command I/0 0 = 0 Successful Erase

1/0 0 = 1 Error in Erase

Read Status Command

Figure 24 : multi-plane block erase
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RE
100-7 (oonXR1,XR2, XR3,XP1h) (60nXR1, X(R2)(R3, {DON
SR[G] *ligpsy ‘7 < {ger >

Figure 25: Multiple plane block erase (ONFI 2.0 protocol)

CLE - {CLR >
—{CEA
g A T
CE LA 77
WE
[—TAR —»
ALE |
——tWHR—>
e I O R
fl
REA Dewi
110X 90h 00h ESh 3rd Cyc 4th Cyc, 5th C\,@*
Address. 1cycle Maker code  Device code

Figure 26 : READ ID Operation
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CLE [\
\/

WE \
ALE [\
RE S\

—— g ——>

100-7 90h 20h 4Fh)—4Eh)— 46h )—49h

Figure 27 : ONFI signature timing diagram

CLE / ",
CE# N, /

twae |
WE# N F
TRsT
RE#
Vo[7:0] FFh

Figure 28 : Reset operation timing

Rev.03 (Nov.27.2024) 43



DOSi”COﬂ Dosilicon Confidential

PN: DSND4GXXX3D

RE WA AWAN AW AW
100-7 ECh 00h PO, m - @ @ -

R/B

Figure 29 : Read Parameter Page timings
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2. Disable Mode
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= I [
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Figure 30 :tWW in Program Operation
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1. Enable Mode
WE
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RIB
2. Disable Mode

WE

1o

WP
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I
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 E—
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60h DOh
|

tww({min.100ns)
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Figure 31 :tWW in Erase Operation
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Note : Vi = 1.5 Volt for 1.8 Volt Supply devices; 2.5 Volt for 3.0 Volt Supply devices

-~ e

/

W TH

s <

10us

Figure 32 : Power on and Data Protection timings

1.8V device - Vou - 0.1V, Viow - Vee-0.1V
2.7V device - Voo 0.4V, Ve : Vooo-D.4V
. 3.3Vdevice - Vou D 0.4V, Ve : 24V

Vee

-

VoL : DAV, Ve : 24V

L

1
1 Q
: VOL 17
! Busy”
' g S
1
GND 1
- -
Device
Rpvstr tf & Rpvsibusy
@ Ve = 1.8V, Ta=25"C, C, = 30pF @ Vee=27V, Ta=25°C, C, = 30pF @ Voo =33V, Ta=25°C, C, = SOpF
Ibusy [A] Ibusy [A]
30094- L3m  300RM L3m  300R=
2000} oY 170 L-om 2008 .f2m  200m
0.85 30 120
100nd- = % L1m 100} L1m 1000
043
170f 170 1.70
wHE D e i
1K X * 4K
Rp{ohm) Rp{ohm)
Rp value guidance
Vee(Max.) - VouMax. 1.85V
Rp(min, 1.3V part) = ) .
oL+ Il 3MA+Ih
Vee(Max.) - VouMax. 25V
Rp(min, 2.7V part) = ass s B s
L+ I 3mA+Ih
Vee(Max.) - VeuMax. 3av
Rp(min, 3.3V part) = o)
Jou+ ElL 8MA + I

where I Is the sum of the Input curments of all devices ted to e R/B pin.
Rp(max) is determined by maximum permissibie limit of ir

Figure 33 :Ready/Busy Pin electrical application
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6 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 1st or 2nd page (if the 1st page
is Bad) 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

START
Block Address=
Block 0
Increment
Block Address
F
Update
Bad Block table

END

Figure 34 : Bad Block Management Flowchart
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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, the block can be replaced
by re-programming the current data and copying the rest of the replaced block to an available valid block.

Failure Mode

Detection and Countermeasure sequence

Write

Erase Failure

Status Read after Erase > Block Replacement

Program Failure

Status Read after Program --> Block Replacement

Read

Single Bit Failure

Verify ECC -> ECC Correction

Block Replacement flow is as below
1.When an error happens in the nth page of the Block ’A’ during erase or program operation.

2.Copy the data in the 1st ~ (n-1)th page to the same location of another free block. (Block ’B’)

3.Copy the nth page data of the Block ‘A’ in the buffer memory to the nth page of the Block 'B’.

4.Do not erase or program to Block 'A’ by creating an ’invalid block’ table or other appropriate scheme.

Figure 35 :

Block A

Block Failure

1st

1 )
(n-Wth (7077777 (%)

nth — an error occurs.

(Page)

Buffer memory of the controller.

Block B

VPP PIIIIIIII I I

nth —»

(page)

Figure 36 : Bad Block Replacement
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7 Supported Packages

7.1 PIN CONFIGURATION (TSOP1)

N Pl

e O 48 Vs
= =5 r: vots
NC NC NC Yo7
NG NG NC yoi4
NG o7 NC Y06
NC 06 NG o13
o yos RE yos
e 104 T yo1z
TE NC TE xcoa
NC NC NG

#O  NANDFlash I WH;, NANDFlash . .
od = b TSOP1 36 B e vss 113 TSOP1 36 3
NC NC
NC NC NC
e (x8) ,,C o o) yort
ALE o3 ALE yo3
pe yo2 WE JO10
wP oL wr Yoz
NC Koo NC Yo
NC NC NC yo1
NC NC NC yoe
NC NC NC 100
NC 24 25 Ene N 324 25 Vs
PACKAGE DIMENSIONS
48-PIN LEAD/LEAD FREE PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(l)
48 — TSOP — 1220AF Unit : mm/inch

20.00+0.20
) 0.787+0.008

A
A 4

#48 A s

12.40
0.488"A%
12.40
0472

e
[ -
~ [
33 [ —
c 2 =] ==
#24— 1= #25 A AN

20.00+0.20 0.05
0.787+0.008 0.002

- 1.20
§ 0.047MAX

0 o
18.40:0.10 S 8
0.724+0.004 ?

_0.45:075
0.018+0.030
—>|
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7.2 Ball Assignment: 48-Ball FBGA (Balls Down, Top View)

-. X8 Device
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PACKAGE DIMENSIONS
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o m om
0 000
oNoNoNol[oNONORS)
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70

1

BOTTOM VIEW

Description

FBGA 48BALL

Dimension

9.0mm x 9.0mm x 0.90mm (Max. 1.0mm T)

1. ALL DIMENSIONS arein Millimeters.
2. POSTREFLOW SOLDERBALL DIAMETER.
(Pre Reflow diameter : @0.40+0.02)
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7.3 Ball Assignment: 63-Ball FBGA (Balls Down, Top View)
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PACKAGE DIMENSIONS
63-Ball FBGA PACKAGE TYPE
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7.4 Ball Assignment: 67-Ball FBGA (Balls Down, Top View)
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PACKAGE DIMENSIONS
67-Ball FBGA PACKAGE TYPE
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