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1. General Description

The XS27Q04A is a single 1.8V 4 Gbit (4,563,402,752 bits) NAND Electrically Erasable and Programmable Read-Only
Memory (NAND E2PROM) organized as (4096 + 256) bytes x 64 pages x 2048blocks. The device has two 4352-byte
static registers which allow program and read data to be transferred between the register and the memory cell
array in 4352-byte increments. The Erase operation is implemented in a single block unit (256 Kbytes + 16 Kbytes:
4352 bytes x 64 pages).

The XS27Q04A is a serial-type memory device which utilizes the 1/O pins for both address and data input/output as
well as for command inputs. The Erase and Program operations are automatically executed making the device most
suitable for applications such as solid-state file storage, voice recording, image file memory for still cameras and
other systems which require high-density non-volatile memory data storage.
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2. Features

Single Level per Cell (SLC) Technology
ECC requirement: 8Bits/512Bytes
Power Supply Voltage

Voltage range 1.7V ~ 1.95V
Organization

Memory cell array 4352 x 128K x 8
Register 4352 x 8

Page size 4352 bytes
Block size (256K + 16K) bytes
Modes

Read, Reset, Auto Page Program, Auto Block Erase, Status Read, Page Copy,
Multi Page Program, Multi Block Erase, Multi Page Copy, Multi Page Read
Number of valid blocks

Min 2008 blocks

Max 2048 blocks

Page Read / Program

Random access 25 ps (Max.)
Sequential access 25 ns (Min.)
Program time 300 ps (Typ.)

Access time

Cell array to register 25 pus max

Serial Read Cycle 25 ns min (CL=30pF)
Block Erase

Block Erase time 3.5 ms (Typ.)
Operating current

Read (25 ns cycle) 30 mA max.
Program (avg.) 30 mA max

Erase (avg.) 30 mA max

Standby 50 pA max

Reliability

10 Year Data retention (Typ.)

Block zero are valid

Rev 1.0

Jul/01/2024 Page 5
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3. Part Number Description

XS 27Q 04A BS _I( GA

Vendor
XT : XSemitron

Product family
27Q: 1.8V Parallel NAND

NAND Density/Org
04A : 4Gbit, x8 1/0, external 8bits ECC is required

Packing type
A: Tray
Package type
BS : BGA63
Green code

G: Green/Reach package

Temperature range
I: Industrial (-40°C to 85°C)

Rev 1.0 Jul/01/2024 Page 6
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4. Pin Assignments
Vﬂ 2 3 4 5 6 7 8 9 10
NC NC NC NC
NC NC NC
WP ALE Vss CE WE RY/BY
NC RE CLE NC NC NC
NC NC NC NC NC NC
NC NC NC NC NC NC
NC NC NC NC NC NC
NC 1/O1 NC NC NC Vcee
NC 1102 NC Vg I/O6 1/08
Vgg /O3 1/04 1/O5 I/O7 Vss
NC NC NC NC
NC NC NC NC
Rev 1.0 Jul/01/2024 Page 7
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5. Package Dimension

TFBGA63
PIN 1 INDEX 0.8X(10-1)=7.2
0.631+0.05 o,
9.04+0.1 PIN 1 INDEX

E 1/2 3 4 5 & 7 & 9 10 B o8 & 71 8 5 4 3 2 /

— A |
- CS — OO0 o) A
8 J (ON@] O B
© ORONOI[ORONO)] &
d ° 000000 °
£ o J A o) (ONOROlIONONS e
v S 1 S 00000 ¢
o 2 & 000000 .
# J =1 91:49—9 [OIONONS) H
d © ——o© 0000 &
“ [#/]0.20]¢] OQOooOO0 K
! D ON@)] (ON®)] L
” (=] 1[¢] € QO |~

£ 0.15[C H 0.8 0.4
4X 0.3+0.05 63-60.4540.05
~ 4 |20.15M|C|A|B
| 1.0 Mox.
Note:The diameter of pre-reflow solder ball is 0.4mm{0.40mm SRO)
TOP VIEW SIDE VIEW BOTTOM VIEW
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6. Logic Diagram And Pin Description

Logic Diagram

VCC VCCa
CE$ —=(C :::> YO0-1/O7
WES O8~1/015 (x16 only)
REg O [O—H/B#
ALE
CLE
WP§ ———
V85 VSSaQ
Pin Description
Pin Name Description
Inputs/Outputs. The 1/O pins are used for command input, address input, data input, and data
1/01-1/08 (x8)
output. The I/O pins float to High-Z when the device is deselected or the outputs are disabled.
CLE Command Latch Enable. This input activates the latching of the 1/0O inputs inside the Command
Register on the rising edge of Write Enable (WE#).
Address Latch Enable. This input activates the latching of the I/0 inputs inside the Address Register
ALE on the rising edge of Write Enable (WE#).
CE# Chip Enable. This input controls the selection of the device. When the device is not busy CE# low
selects the memory.
WE# Write Enable. This input latches Command, Address and Data. The I/O inputs are latched on the
rising edge of WE#H.
Read Enable. The RE# input is the serial data-out control, and when active drives the data onto the
RE# I/O bus. Data is valid tREA after the falling edge of RE# which also increments the internal column
address counter by one.
WP# Write Protect. The WP# pin, when low, provides hardware protection against undesired data
modification (program / erase).
R/B# Ready Busy. The Ready/Busy output is an Open Drain pin that signals the state of the memory.
Vee Supply Voltage. The VCC supplies the power for all the operations (Read, Program, Erase). An
internal lock circuit prevents the insertion of Commands when VCC is less than VLKO.
VSS Ground.
NC Not Connected.

Notes:
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.
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7. Block Diagram

i

Status register

1/O1 o<

to

/08 ©

1[®]
Control circuit

=

Vee Vss

[ 7

Address register

é-’%’f‘///// A

Command register

U [

CE o———
CLE 0——>
ALE O—|
ﬁo—r
RE o—

WP o——>

Logic control

Control circuit

RY /BY

L

:ﬁ%

XSeMIiTrRON
o

> Column buffer
G ’—> Column decoder
B
LA /@ Data register
Sense amp
;|4
3|8
23
g?j © Memory cell array
®T E
g 3|
14 T
HV generator

Rev 1.0

Jul/01/2024

Page 10



2 ) .
XSeMiTrRON

XS27Q04A Parallel SLC NAND

N
8. Absolute Maximum Ratings

8.1 Absolute Maximum Ratings

SYMBOL RATING VALUE UNIT
vce Power Supply Voltage -0.6 to 2.5 Vv
VIN Input Voltage -0.6t0 2.5 v
Vijo Input /Output Voltage -0.6toVCC+03  (£25V) v

PD Power Dissipation 0.3 W
TSOLDER Soldering Temperature (10 s) 260 °C
TSTG Storage Temperature -55t0125 °C
TOPR Operating Temperature -40 to 85 °C

8.2 Capacitance *(Ta = 25°C, f =1 MHz)

SYMBOL PARAMETER CONDITION MIN. MAX. UNIT
CIN Input VIN=0V — 10 pF
Cout Output VouT =0V — 10 pF
This parameter is periodically sampled and is not tested for every device.
9. Valid Blocks
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
NvB Number of Valid Blocks 2008 — 2048 Blocks

NOTE:
The device occasionally contains unusable blocks. Refer to Application Note (13) toward the end of this document.
The first block (Block 0) is guaranteed to be a valid block at the time of shipment.
The specification for the minimum number of valid blocks is applicable over lifetime

The number of valid blocks is on the basis of single plane operations, and this may be decreased with two plane operations.
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10. Electrical Characteristics

10.1 Recommended DC Operating Conditions

<

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vce Power Supply Voltage 1.7 — 1.95 \%
VIH High Level input Voltage Vecex 0.8 — Vec+0.3 Vv
VIL Low Level Input Voltage -0.3* — Vee x 0.2 Vv
* 1 -2V (pulse width lower than 20 ns)
10.2 DC Characteristics
(Ta=-40°C to 85°C, VCC=1.7 to 1.95V)
SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT
L Input Leakage Current VIN=0VtoVcc — — +10 A
Lo Output Leakage Current VouT=0VtoVcC — — +10 HA
Icco1 Serial Read Current CE# = VIL, loUT = 0 mA, tcycle = 25 ns — — 30 mA
Icco2 Programming Current — — — 30 mA
Icco3 Erasing Current — — — 30 mA
Iccs Standby Current CE#=VCc-0.2 V, WP#=0V/VcC — — 50 WA
VOH High Level Output Voltage IOH =-0.1 mA Vee —0.2 — _ v
VoL Low Level Output Voltage IoL=0.1 mA — — 0.2 \Y;
IOL (RY/BY# )| Output current of RY/BY# pin| VOL=0.2V — 4 — mA
Rev 1.0 Jul/01/2024 Page 12
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10.3 AC Characteristics

(Ta = -40°Ct0 85°C, VCC = 1.7t0 1.95V)

SYMBOL PARAMETER MIN. MAX. UNIT
tCLS CLE Setup Time 12 — ns
tCLH CLE Hold Time 5 — ns
tCS CE# Setup Time 20 — ns
tCH CE# Hold Time 5 - ns
twp Write Pulse Width 12 — ns
tALS ALE Setup Time 12 — ns
tALH ALE Hold Time 5 — ns
tDS Data Setup Time 12 — ns
tDH Data Hold Time 5 — ns
twcC Write Cycle Time 25 — ns
tWH WE# High Hold Time 10 — ns
tWw WP# High to WE# Low 100 - ns
tRR Ready to RE# Falling Edge 20 — ns
tRW Ready to WE# Falling Edge 20 — ns
tRP Read Pulse Width 12 — ns
tRC Read Cycle Time 25 — ns
tREA RE# Access Time — 20 ns
tCEA CE# Access Time — 25 ns
tCLR CLE Low to RE# Low 10 — ns
tAR ALE Low to RE# Low 10 - ns

tRHOH RE# High to Output Hold Time 25 — ns
tRLOH RE# Low to Output Hold Time 5 — ns
tRHZ RE# High to Output High Impedance — 60 ns
tCHZ CE# High to Output High Impedance — 20 ns
tCSD CE# High to ALE or CLE Don’t Care 0 — ns
tREH RE# High Hold Time 10 — ns
tIR Output-High-impedance-to- RE# Falling Edge 0 — ns
tRHW RE# High to WE# Low 30 — ns
tWHC WE# High to CE# Low 30 — ns
tWHR WE# High to RE# Low 60 — ns
tR Memory Cell Array to Starting Address — 25 us
tDCBSYR1 Data Cache Busy in Read Cache (following 31h and 3Fh) — 25 us
tDCBSYR2 Data Cache Busy in Page Copy (following 3Ah) — 30 us
twB WE# High to Busy — 100 ns
tRST Device Reset Time (Ready/Read/Program/Erase) — 5/5/10/500 us

*1:tCLS and tALS can not be shorter than tWP

*2:1CS should be longer than tWP + 8ns.
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10.4 AC Test Conditions

CONDITION
PARAMETER

Vce: 1.7 to 1.95V
Input level vcc-0.2V,0.2V
Input pulse rise and fall time 3ns
Input comparison level Vee /2
Output data comparison level Vee/2
Output load CL(30pF)+1TTL

Note: Busy to ready time depends on the pull-up resistor tied to the RY/BY#

10.5 Programming And Erasing Characteristics

(Ta = -40°C to 85°C, Vcc = 1.7 to 1.95V)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES
tPROG Average Programming Time — 300 700 us
tDCBSYW1 Data Cache Busy Time in Write Cache (following 11h) — — 10 us
tDCBSYW2 | Data Cache Busy Time in Write Cache (following 15h) — — 700 us (2)
N Number of Partial Program Cycles in the Same Page — — 4 (1)
tBERASE Block Erasing Time - 35 10 ms

Refer to Application Note (12) toward the end of this document.

tDCBSYW?2 depends on the timing between internal programming time and data in time.

10.6 Data Output

When tREH is long, output buffers are disabled by RE#=High, and the hold time of data output depend on tRHOH
(25ns MIN). On this condition, waveforms look like normal serial read mode.

When tREH is short, output buffers are not disabled by RE#=High, and the hold time of data output depend on
tRLOH (5ns MIN). On this condition, output buffers are disabled by the rising edge of CLE,ALE,CE# or falling edge of
WE#, and waveforms look like Extended Data Output Mode.
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11. Memory Organization

11.1 Array Organization

Schematic Cell Layout and Address Assignment
The Program operation works on page units while the Erase operation works on block units.

Data Cache| .- 4098

A page consiste of 4352 bytes in which 4096 bytes are
used for main memeory storage and 258 bytes are for
redundancy or for other usss,

1 page = 4362 bytes

...........

Page Buffer| .--4088

S 1| | |

P 1 block = 4352 bytes x 64 pages = (256K + 16K) bytes
i : Capacity = 4352 bytes x Gdpages x 2048 blocks
f - :
/}54 Papges=1 hlock
131072 : :
pages . :
2048 blocks 4
7
< BIO
4352
An address 1s read in via the I/Q port over five
consecubive clock evcles, as shown in Table 1.
11.2 Addressing
1/08 1107 1/106 1/105 1104 1/03 1102 1101
First cycle CA7 CA6 CA5 CA4 CA3 CA2 CA1 CAO0
Second cycle L L L CA12 CA11 CA10 CA9 CA8
Third cycle PA7 PA6 PA5 PA4 PA3 PA2 PA1 PAO
Fourth cycle PA15 PA14 PA13 PA12 PA11 PA10 PA9 PA8
Fifth cycle L L L L L L L PA16

CAO to CA12: Column address
PAO to PA16: Page address
PAG6 to PA16: Block address
{ PAO to PA5: NAND address in block J
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12. Mode Selection And Command Tables

The operation modes such as Program, Erase, Read and Reset are controlled by command operations shown in
Table 2. Address input, command input and data input/output are controlled by the CLE, ALE, CE#, WE#, RE# and

WP# signals as shown in Table 1.
Table 1. Logic Table

CLE ALE CE WE RE wp !

Command Input H L L i H *
Data Input L L L 4 H H
Address input L H L T H s
Senal Data Output L L L H Gy il s ®
Dunng Program (Busy) 2 s s g * H
Dunng Erase (Busy) e * * * * H

* - H * * -
During Read (Busy)

5 ; | H (*2) H (*2) *
Program, Erase Inhibit c * x x ¥ L
Standby * * H . * 0ViVee

H: Viy, L: Vi, *: Vigor V)L
*1: Refer to Application Note (10) toward the end of this document regarding the WP# signal when Program or Erase Inhibit.

*2: If CE#is low during read busy, WE# and RE# must be held High to avoid unintended command/address input to the device or read to device. Reset or

Status Read command can be input during Read Busy.
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Table 2. Command table (HEX)

First Cycle Second Cycle Acceptable while Busy
Serial Data Input 80 —
Read 00 30
Column Address Change in Serial Data Output 05 EO
Read with Data Cache 31 —
Read Start for Last Page in Read Cycle with Data Cache 3F —
Auto Page Program 80 10
Column Address Change in Serial Data Input 85 —
Auto Program with Data Cache 80 15
80 11
Multi Page Program 81 15
81 10
Read for Page Copy (2) with Data Out 00 3A
Auto Program with Data Cache during Page Copy (2) 8C 15
Auto Program for last page during Page Copy (2) 8C 10
Auto Block Erase 60 DO
ID Read 90 —
Status Read 70 — Y
Status Read for Multi-Page Program or Multi Block J
Erase & -
Reset FF — Y
HEX data bit assignment
{Example) Serial Data Input: 80h
I
. s N & B
0j0|0]|0 0
8 7 6 5 4 3 2 1M
Table3. Read mode operation states
CLE ALE CE WE RE 1/01to1/08 Power
Output select L L L H L Data output Active
Output Deselect L L L H H High impedance Active
H: ViH, L: VIL
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13. Device Operation

13.1 Read Mode

<

Read mode is set when the "00h" and “30h” commands are issued to the Command register. Between the two
commands, a start address for the Read mode needs to be issued. After initial power on sequence, “00h” command
is latched into the internal command register. Therefore read operation after power on sequence is executed by the
setting of only five address cycles and “30h” command. Refer to the figures below for the sequence and the block

diagram (Refer to the detailed timing chart).

[\

Lk

[\

A b b b

i) 7/

CE

L VaVaVaVaVatav
A

RE /
Ry /BY Colurnn Address M Page Address N \ Busy / R
o —(@@) OG-
o ~— - Page Address N
Start-address input
M 2 A data transfer operation fromthe cell array to theﬁta
Data Cache | l 7 ! 5 Cache via Page Buffer starts on the rising edge of WE inthe
I A0h command input cycle (after the address infarmation has
Page Buffer | l}' | been latched). The device will be in the Busy state during this
Select page i transfer period.
M Cell array Afterthe transfer period, the device returns to Ready state.
1{“ - Serial data can be output synchronously with the RE  clock
O1 to B 1< 4351 fromthe start address designated in the address input cycle.
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13.2 Random Column Address Change in Read Cycle

CLEﬂ /_\ /_\ /_\
=\ A QA0 A7) A0 DDOALAN AAN ]
v VAVAVAY,

7

[fC A\
g Y A
Caol. M Page M B
— Page I Page M
Start-address input Start from Cal. M Start from Col . '
M M During the serial data output fromthe Data Cache, the column
| Ve address can be changed by inputting a new column address
[« —— —|— using the 05h and EOh commands. The data is read out in serial
| L’ | starting at the newr colurn address. Random Column Address
I 2 Change operation can be done multiple times within the same
Select page__ | o page.
N A ik
T T)
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13.3 Read Operation with Read Cache

The device has a Read operation with Data Cache that enables the high speed read operation shown below. When
the block address changes, this sequence has to be started from the beginning.

ae /\ [\ [\ [\
=\ Ad400d 77 a2 ih 2 hd 2

[fe]

Coluran 0 Page Address M Page AddressMN + 1 Page Address N + 2

E:;aECBau?; G@ (ﬁ |::>®Page M @ I:>5ge M1 @ |:>®F'age N+ 2
—9 — ©
2 ®

®

FPage N+ 2 P77
I

3th& RE clock 3th & RE clock

oo
Page [

Cell Array Page N+ 1 P

IFh& RE clock

If the 31h command is issued to the device, the data content of the next page is transferred to the Page Buffer during serial data out from the Data Cache, and

therefore the tR (Data transfer from memory cell to data register) will be reduced.

1. Normalread. Datais transferred from Page N to Data Cache through Page Buffer. During this time period, the device outputs Busy state for tR max.

2.  After the Ready/Busy returns to Ready, 31h command is issued and data is transferred to Data Cache from Page Buffer again. This data transfer takes
tDCBSYR1 max and the completion of this time period can be detected by Ready/Busy signal.

3. Dataof Page N + 1is transferred to Page Buffer from cell while the data of Page N in Data cache can be read out by /RE clock simultaneously.

4.  The 31h command makes data of Page N + 1 transfer to Data Cache from Page Buffer after the completion of the transfer from cell to Page Buffer. The
device outputs Busy state for tDCBSYR1 max.. This Busy period depends on the combination of the internal data transfer time from cell to Page buffer and
the serial data out time.

5.  Dataof Page N + 2 is transferred to Page Buffer from cell while the data of Page N + 1 in Data cache can be read out by /RE clock simultaneously

6.  The 3Fh command makes the data of Page N + 2 transfer to the Data Cache from the Page Buffer after the completion of the transfer from cell to Page

Buffer. The device outputs Busy state for tDCBSYR1 max.. This Busy period depends on the combination of the internal data transfer time from cell to Page buffer

and the serial data out time.

7. Data of Page N + 2 in Data Cache can be read out, but since the 3Fh command does not transfer the data from the memory cell to Page Buffer, the device

can accept new command input immediately after the completion of serial data out.
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13.4 Multi Page Read Operation

The device has a Multi Page Read operation and Multi Page Read with Data Cache operation.
Multi Page Read without Data Cache

The sequence of command and address input is shown below.

Same page address (PAO to PA5) within each district has to be selected.

Command
input (3 cycle) (3 cydle)
Addressinput Address input @ @
Fage Address Fage Address
PAD to PA16 PAD to PA1E
(District 0) (District 1) R
o \ ®
RYIEY
Cammand
input (5 cycle) (2 cycle)
Address input Address input Data output
Caolumn + Page Address Caolumn Address (District 07
CAlto CA12, PADto PATE CADto CATZ
(District 0) (District 0}
e B
RYIEY @ O
Cammand
input (5 cycle)
Address input Address input Data output —_—
Column + Page Address Column Address (District 1)
CADto CA12, PADto PA1E CAD to CAT2
(District 1) (District 1)
RY/BY @
Diistrict 0 Dlistrict 1
% | % |
/ /
| | | |
\ Reading ‘\
Selected / |
page /I Selected
page

The data transfer operation from the cell array to the Data Cache via Page Buffer starts on the rising edge of WE# in
the 30h command input cycle (after the 2 Districts address information has been latched). The device will be in the
Busy state during this transfer period. After the transfer period, the device returns to Ready state. Serial data can be
output synchronously with the RE# clock from the start address designated in the address input cycle.
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Multi Page Read with Data Cache

When the block address changes (increments) this sequenced has to be started from the beginning. The sequence
of command and address input is shown below.

Same page address (PAO to PA5) within each district has to be selected.

Command
input
@ Address input @ Address input 30 @
FPage Address Page Address
PAD to PA1E PAD to PA1B
(Page mD ; District 0} {(Page n0 ; District 1) R
’ " ®
RYiEY
Cammand
input
e o @ Address input @ Address input @ Data output
Column + Page Address Column Address (Clistrict 0)
CADto CA1Z, PAOto PA1B CADto CA12
t{OCESYR (Page m0 ; District 0} {District 0}
. O ©
RYiBY
Caomrmand
input
e m Address input @ Address input @ Data output
Column + Page Address Colurmn Address (District 1)
CAD to CA12, PAD to PATE CADto CA1Z
{(Page n0 ; District 1) (District |1)
- ® :
RY/EY
Return to A
Corrand Repeat a max of B3 times
input
e e @ Address input @ Address input @ Data output |—®
Column + Page Address Column Address (District 0}
CADto CA1Z, PAOto PA1B CADto CAT2
DCBESYR {Page mB3 ; District 0) (District 0)
_ © O,
RY/BY \_/
Caommand
input
o @ Address input @ Address input @ Data output I—
Column + Page Address Column Address (District 1)
CAlto CA1Z, FAOto FATE CAD to CA1Z
(Page nB3 ; District 1) (District 1)

== @

Notes

(a) Internal addressing in relation with the Districts
To use Multi Page Read operation, the internal addressing should be considered in relation with the District.
* The device consists from 2 Districts.
* Each District consists from 1024 erase blocks.

Rev 1.0 Jul/01/2024 Page 22



XS27Q04A Parallel SLC NAND XSEMi'lRON

<

* The allocation rule is follows.
District 0: Block 0, Block 2, Block 4, Block 6,-++, Block 2046
District 1: Block 1, Block 3, Block 5, Block 7,-++, Block 2047
(b) Address input restriction for the Multi Page Read operation
There are following restrictions in using Multi Page Read;
(Restriction)
Maximum one block should be selected from each District.
Same page address (PAO to PAS) within two districts has to be selected.
For example;
(60) [District 0, Page Address 0x00000] (60) [District 1, Page Address 0x00040] (30)
(60) [District 0, Page Address 0x00001] (60) [District 1, Page Address 0x00041] (30)

(Acceptance)

There is no order limitation of the District for the address input.
For example, following operation is accepted;

(60) [District 0] (60) [District 1] (30)

(60) [District 1] (60) [District 0] (30)

It requires no mutual address relation between the selected blocks from each District.

(c) WP# signal
Make sure WP# is held to High level when Multi Page Read operation is performed
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13.5 Auto Page Program Operation

The device carries out an Automatic Page Program operation when it receives a "10h" Program command after the
address and data have been input. The sequence of command, address and data input is shown below. (Refer to the

detailed timing chart.)

CLEj_\ . /_\ /_\
=\ ALl AL A ARAREA )

L
W—W/\Mj_\/\f\f\/\/_\j\ \/
ALE J \ LL IIII
17 1
[ 1
e LE |
= \/
f( II
RY/BY t {
vo —gor{( XX XX Hemomion) e
"—Y_'“" ~ A < -
Col. M Page P Data

e

The data is transferred (programmed) from the Data Cache via

the Page Buffer to the selected page on the nsing edge of WE
Program | Read& verification following input of the “10h” command. After programming, the
Selected N A programmed data is transferred back to the Page Buffer to be

automatically verified by the device. If the programming does not
succeed, the Program/Verify operation is repeated by the device
until success is achieved or until the maximum loop number set in
the device is reached.

page
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13.6 Random Column Address Change in Auto Page Program Operation

The column address can be changed by the 85h command during the data input sequence of the Auto Page

Program operation.
Two address input cycles after the 85h command are recognized as a new column address for the data input. After

the new data is input to the new column address, the 10h command initiates the actual data program into the
selected page automatically. The Random Column Address Change operation can be repeated multiple times within

the same page.

EH A X - L e e e ) (=1
——r——— — ,

. S
Col. M Page N Col. M Busy
Col. M Col. M
- ¢ - bl
Datainput T~ o, o |
{

| s |

| 1

Progr:iml\& .| Reading & venfication
Selected £
page
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13.7 Multi Page Program

The device has a Multi Page Program, which enables even higher speed program operation compared to Auto Page
Program. The sequence of command, address and data input is shown below. (Refer to the detailed timing chart.)

Although two planes are programmed simultaneously, pass/fail is not available for each page by "70h" command
when the program operation completes. Status bit of I/O 1 is set to “1” when any of the pages fails. Limitation in
addressing with Multi Page Program is shown below.

tDCESYWI tPROG

[21-8 L\ Dh :llAddress&DataInput 11h\‘ i 81 ) dress&Data Input}< 10h j 5 Oh )I

RYiBY

CAD~CA12 :Walid }.ﬂq CAO~CATZ Valid
PAD~PAS Walid' PAO~PAG Walid
FAG : Districtd' Pag - District?
PAT~PAIE  : valid' PAT~PAIE WValid

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

e () (sin) oy
adh ) Sl B1h ( 10n
O . = 'x [ /
Input
Planel Plane 1
(1024 Block) (1024 Block)
Block 0 Block 1 |
Block 2 Block 3 |
Block 2044 Block 2045
Block 2046 Block 2047
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13.8 Auto Page Program Operation with Data Cache

The device has an Auto Page Program with Data Cache operation enabling the high speed program operation shown
below. When the block address changes this sequenced has to be started from the beginning.

il LN NN Wy
ST VNI TITIT T Y- T T TN -

R‘l‘fﬁ / H W )] .
tocesyw2 tocesywz toRoG (NOTE)

¥

v
Page N @ @ Status Qutput Page N+1 @ Status Qutput Page N+P @ @ Status Output
Data Cache _%} 2 ( ; ) [atafor Page N5 | (_\jpm for Fage N+ P| I ]

Page Buffer | Data for Page N |M‘oraage‘4 1|

|
I
CellAmay  PageNpZZZzzzzzzz4 W Pazzzzzzza — peazzzgzzzd L | _____ !
Page N+ 1 W‘m

Issuing the 15h command to the device after serial data input initiates the program operation with Data Cache

1. Datafor Page N is input to Data Cache.

2. Datais transferred to the Page Buffer by the 15h command. During the transfer the Ready/Busy outputs Busy State (tDcBSYW2).

3. Datais programmed to the selected page while the data for page N + 1 is input to the Data Cache.

4. By the 15h command, the data in the Data Cache is transferred to the Page Buffer after the programming of page N is completed. The
device output busy state from the 15h command ntil the Data Cache becomes empty. The duration of this period depends on timing
between the internal programming of page N and serial data input for Page N + 1 (tDcBSYw?2).

5. Data for Page N + P is input to the Data Cache while the data of the Page N + P - 1 is being programmed.

6. The programming with Data Cache is terminated by the 10h command. When the device becomes Ready, it shows that the internal
programming of the Page N + P is completed.

NOTE: Since the last page programming by the 10h command is initiated after the previous cache program, the tPROG during cache

programming is given by the following;

tPROG = tPROG for the last page + tPROG of the previous page - ( command input cycle + address input cycle + data input cycle time of the

last page)
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Pass/fail status for each page programmed by the Auto Page Programming with Data Cache operation can be detected by
the Status Read operation.

.1/01 : Pass/fail of the current page program operation.

.1/02 : Pass/fail of the previous page program operation.
The Pass/Fail status on 1/01 and /02 are valid under the following conditions.

. Status on 1/01: Page Buffer Ready/Busy is Ready State.

The Page Buffer Ready/Busy is output on I/0O6 by Status Read operation or RY / BY# pin after the 10h command
. Status on 1/02: Data Cache Read/Busy is Ready State.

The Data Cache Ready/Busy is output on 1/O7 by Status Read operation or RY / BY# pin after the 15h command.

Example) ~  mmmmmn
Vo2 =» Invalid Page1 ! Page1 Page N-2 invalid Page N- 1
1101 => Invalid Invalid 1 Page 2 : Invalid invalid Page N
T ]
jn ' 1 i 1T jh
RO DR O, OCREDLD EICEPRO EROED,
| 1
I
Page 1 Page 2 : | PageN-—1 Page N
|
Ry 1 -
RY/BY pin | L ] i L] |
1
! 1
Data Cache Busy < < i ! < <
! 1
— -3 > : .
A i
Page Buffer Busy Paged A |
Page2 : R
1 1 Page N-1
: : Page N
1 ]

If the Page Buffer Busy returns to Ready before the next 80h command input, and if Status Read is done during
this Ready period, the Status Read provides pass/fail for Page 2 on 1/01 and pass/fail result for Pagel on I/02.
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13.9 Multi Page Program with Data Cache

The device has a Multi Page Program with Data Cache operation, which enables even higher speed program

operation compared to Auto Page Program with Data Cache as shown below. When the block address changes
(increments) this sequenced has to be started from the beginning.

The sequence of command, address and data input is shown below. (Refer to the detailed timing chart.)

Diata input Data input
Durnrmy cummand Program with Durriry cummand Auto Page
Data input Program OF MUt-PAge  Data Cache  Datainput Program ormndibzpage Program
command command ~ Program command  command command ~ PoAm command
O DO Do C D CP =D,
Address  Data input Address Data input Address  Data input Address  Data input
input 0t 4351 input  0to 4351 input ~ 0to 4351 input — Uta 4351
(Diistrict 0) (District 17 (District 0 (District1)

RV U/ \J et \/

After “15h” or “10h” Program command is input to device, physical programing starts as follows. For details of Auto
Program with Data Cache, refer to “Auto Page Program with Data Cache”.

District 0 | | Disgtrict 1
| ] | |
Program I{ \F‘!eading &ven’ﬁcatiunf \
Selected s/

[ ]
page \A /

The data is transferred (programmed) from the page buffer to the selected page on the rising edge of /WE following
input of the “15h” or “10h” command. After programming, the programmed data is transferred back to the register
to be automatically verified by the device. If the programming

does not succeed, the Program/Verify operation is repeated by the device until success is achieved or until the
maximum loop number set in the device is reached.
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Starting the above operation from 1st page of the selected erase blocks, and then repeating the operation total 64
times with incrementing the page address in the blocks, and then input the last page data of the blocks, “10h”
command executes final programming. Make sure to terminate with 81h-10h- command sequence.

In this full sequence, the command sequence is following.

st

|

B3th

i

B4th

|

After the “15h” or “10h” command, the results of the above operation is shown through the “71h"”Status Read
command.

Fass
10 arl5 @ 7o

Status Read F il
command

Ry iBY \ /

The 71h command Status description is as below.

STATUS QUTPUT
ey Chip Status! - PassiFail Fass Fail: 1
a2 District 0 Chip Status! : PassfFail | Pass 0 Fail: 1
Hlok] Oistrict 1 Chip Status! : PassfFail |Pass 0 Fail: 1
124 Uistrict 0 Chip Status? | PassfFall [Pass 0 Fail: 1
25 Uistrict 1 Chip Status? : PassfFaill [Pass O Fail: 1
Flels Feady/Busy Feady: 1 Busy: 0
a7 Data Cache ReadyBusy Feady: 1 Busy: 0
o8 Wikite Protect Frotect O Mot Frotect: 1

I/01 describes Pass/Fail condition of district 0 and 1(OR data of I/02 and I/03). If one of the districts fails during
multi page program operation, it shows “Fail”.

1/02 to 5 shows the Pass/Fail condition of each district. For details on “Chip Status1” and “Chip Status2”, refer to
section “Status Read”.
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Internal addressing in relation with the Districts

To use Multi Page Program operation, the internal addressing should be considered in relation with the District.
¢ The device consists from 2 Districts.

e Each District consists from 1024 erase blocks.

* The allocation rule is follows.

District 0: Block 0, Block 2, Block 4, Block 6,---, Block 2046

District 1: Block 1, Block 3, Block 5, Block 7,---, Block 2047

Address input restriction for the Multi Page Program with Data Cache operation

There are following restrictions in using Multi Page Program with Data Cache;

(Restriction)

Maximum one block should be selected from each District.

Same page address (PAO to PA5) within two districts has to be selected.

For example;

(80) [District 0, Page Address 0x00000] (11) (81) [District 1, Page Address 0x00040] (15 or 10)
(80) [District 0, Page Address 0x00001] (11) (81) [District 1, Page Address 0x00041] (15 or 10)

(Acceptance)

There is no order limitation of the District for the address input.
For example, following operation is accepted;

(80) [District 0] (11) (81) [District 1] (15 or 10)

(80) [District 1] (11) (81) [District 0] (15 or 10)

It requires no mutual address relation between the selected blocks from each District.

Operating restriction during the Multi Page Program with Data Cache operation

(Restriction)

The operation has to be terminated with “10h” command.

Once the operation is started, no commands other than the commands shown in the timing diagram is allowed
to be input except for Status Read command and reset command.
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13.10 Page Copy (2)

By using Page Copy (2), data in a page can be copied to another page after the data has been read out. When the
block address changes (increments) this sequenced has to be started from the beginning.

= ® 0
input
(oo ) Adress input |~ 20) (o ) Address input - Datainput |- 15 )—( 00— Adaress input | -(34) (a)
Address \ Col =0 start Address When changing data Address Col = O start
CADto CA11, PAD to PA1E | CAD 1o CA11, PAOto PATE cciicinput | CADto CA11, PADto PATE |

(Page N) j@ (Page M) ) @ (Page N+P1) j @
- A
RY/BY \_/ tr \_/tocaswvz \_/lDCBSYRz O

Data Cache
Page Buffer

— /| —— 1

Cell Array )
= - Page M -

@ Data for Pa;eN ( ; ? Data forpage N @ Data for Page M @ ( ; ? Data for Page N + P1

rJ Page N + P1 r r

Page N =

Page Copy (2) operation is as following.

1. Datafor Page N is transferred to the Data Cache.
2. Datafor Page N is read out.
3. Copy Page address M is input and if the data needs to be changed, changed data is input.
4. Data Cache for Page M is transferred to the Page Buffer.
5. After the Ready state, Data for Page N + P1 is output from the Data Cache while the data of Page M is being
programmed.
§ ®
Address o G ke \ Address \ Col = 0 start Address \ Col = 0 start

GADto CAT1, PADto PATE o il CAD to CA11, PAD to PATE ) CAOto CATl, PADto PATE |

{Page M+R1) @ (Page N+P2) (Page N+Pn)
RY/BY @ @
\_/ tocesywz toessvyrz \__[ tocesvrz

@ Data for Page M + Pn

@ Data for Page M + R1 @ Data for Page M + R1 ° Data for Page N + P2
—E !- —1
o %

Page Buffer 1

Cell Array Page M + R1 EESRSNENCRRRORY
Page M PPN

Page N + P2 FFF7rirrii i
Page N +P1 P

6. Copy Page address (M + R1) is input and if the data needs to be changed, changed data is input.
. After programming of page M is completed, Data Cache for Page M + R1 is transferred to the Page Buffer.
8. By the 15h command, the data in the Page Buffer is programmed to Page M + R1. Data for Page N + P2 is
transferred to the Data cache.
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9. The data in the Page Buffer is programmed to Page M + Rn — 1. Data for Page N + Pn is transferred to the Data
Cache.

Command
input
Address input |—| Data input

Address
CAD to CA11, PAD to PA16
{Page M+Rn)

- Q
RY/BY O \ ,‘ tproc (*1)

@ Data for Page M+ Rn @ Drata for Page M+ Rn
Data Cache .—— CI:I

Page Buffer I:I D
e R |
Page M + Rn -1

AOBANNNANNNY

Cell Array DO,
o Y N a
FIFTFFFFT FTFTFFFTFT
A

10. Copy Page address (M + Rn) is input and if the data needs to be changed, changed data is input.
11. By issuing the 10h command, the data in the Page Buffer is programmed to Page M + Rn.
(*1) Since the last page programming by the 10h command is initiated after the previous cache program, the tPROG here will be expected as the following,
tPROG = tPROG of the last page + tPROG of the previous page - ( command input cycle + address input cycle + data output/input cycle time of the last page)
NOTE) This operation needs to be executed within District-0 or District-1.
Data input is required only if previous data output needs to be altered.
If the data has to be changed, locate the desired address with the column and page address input after the 8Ch command, and change only the data
that needs be changed.
If the data does not have to be changed, data input cycles are not required.

Make sure WP is held to High level when Page Copy (2) operation is performed.

Also make sure the Page Copy operation is terminated with 8Ch-10h command sequence
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13.11 Multi Page Copy (2)

By using Multi Page Copy (2), data in two pages can be copied to other pages after the data has been read out.
When each block address changes (increments) this sequence has to be started from the beginning.
Same page address (PAO to PA5) within two districts has to be selected.

Cammand
input
@ Address input @ Address input @ @ Addressinput @ Address input @ e
Address Address Address Address
PAD to PATE PAD to PA1E \ CADto CA12, PAD to PATB CADt CA1Z
(Page mi ; District 0) (Page n ; District 1) | (Page mi} (Col=D)

RYIBY \g/ .
e @ Address input @ Address input @ @ AddressinputH Datainput'—@

Address Address Address !
CADto CA12, PAD to PA1B CAD to CA12 CAlto CA12, PAD to PATE |
(Fage ndj) (Col =0 [Fage MO ; District 0} J

®
®
e ® o ®
©
©
®

Address input H Data input @ @ Address input @ Address input

Address Address Address
CAD'to CA12, PAD to PA1B | PAD to PA1G PAD to PATA |
O (Page MO ; District 1) | (Page m1; District 0} (Page n1; Distict 1) /
E

\‘// jinlei=icpitel \4// tDeesTR2
o @ Address input @ Address input @ @ Address input @ Address input @

Address Address Address Address
CAD 0 CAT2, PAT to PATE CAD to CA12 CADto CA, PAD to FATE -

(Page mT) (Col =0y (Page n') (Cal=0)
RY¥/EY @ @

RY/BY

Addressmput H Data input Address input H Data input W ___________________ .@

Address \ Address \
CADto CA12, PAD to PATE ‘ CADto CA12, PADto PATB |
(Page M1 ; District 0} .‘I (Page N1 ; District 1) !

/
-~ ® v o = ®
Ry / toeEsyw / toces w2
e @ Address input @ Address input @ @ Address input @ Address input @ e
Address Address Address Address

PAD to PATE PADto PA1G ". CADto CA12, PAD to PA1G CAlto CA12

(Page mB3 ; District 0) (Page nB3 ; District 1) | (Page mi3) (Col =0y
I}

_® / )
RYIBY \_/ IDCESYR2

e @ Address ingut @ Address input @ @ Address \nputH Data input }—@ @

RY/IBY ®

Address Address Address
CADto CA12, PAD to PA1E CAD to CA12 CADto CA12, PADto PA1E ]
(Page nb3) (Caol =0y (Page MG3 ; District 0) ’
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Address input H Data input

Address \
CAD to CA12, PAD to PA1B |
(Page MNE3 ; District 1) [

w © vy
RyBY tPROG (1)

(*1) tpROG: Since the last page programming by 10h command is initiated after the previous cache
program, the tPROG* during cache programming is given by the following equation.

tProG = tPRog of the last page + tproe of the previous page-A
A= (command input cycle + address input cycle + data outputfinput cycle time of the last page)
If"A" exceeds the tprog of previous page, tprpc of the last page is tprog max

<

MNote)
This operation needs to be executed within each District

Data input is required only if previous data output needs to be altered.

If the data has to be changed, locate the desired address with the colurmn and page address input after
the 8Ch command, and change only the data that needs be changed

If the data does not have to be changed, data input cycles are not required

Make sure WP is held to High level when Multi Page Copy (2) operation is performed
Also make sure the Multi Page Copy operation is terminated with 8Ch-10h command sequence
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13.12 Auto Block Erase

The Auto Block Erase operation starts on the rising edge of WE after the Erase Start command “DOh” which follows
the Erase Setup command “60h”. This two-cycle process for Erase operations acts as an extra layer of protection
from accidental erasure of data due to external noise. The device automatically executes the Erase and Verify

operations.
g Pass
GD—®
Block Address  praee Start Status Read Fail
input: 3 cycles cormmand command
RY/BY \ Busy f
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13.13 Multi Block Erase

The Multi Block Erase operation starts by selecting two block addresses before DOh command as in below diagram.
The device automatically executes the Erase and Verify operations and the result can be monitored by checking the
status by 71h status read command. For details on 71h status read command, refer to section “Multi Page Program
with Data Cache”.

oy Pass
(o == =AD" o~
Fail

Block Address Block Address Erase Start Status Read
input: 3 cycles input 3 cycles  command command
District 0 District 1

Ry /BY \ Busy /

Internal addressing in relation with the Districts

To use Multi Block Erase operation, the internal addressing should be considered in relation with the District.
* The device consists from 2 Districts.

* Each District consists from 1024 erase blocks.

* The allocation rule is follows.

District 0: Block 0, Block 2, Block 4, Block 6,:::, Block 2046

District 1: Block 1, Block 3, Block 5, Block 7,-++, Block 2047

Address input restriction for the Multi Block Erase

There are following restrictions in using Multi Block Erase

(Restriction)

Maximum one block should be selected from each District.
For example;

(60) [District 0] (60) [District 1] (DO)

(Acceptance)

There is no order limitation of the District for the address input.
For example, following operation is accepted;

(60) [District 1] (60) [District 0] (DO)

It requires no mutual address relation between the selected blocks from each District.

Make sure to terminate the operation with DOh command. If the operation needs to be terminated before DOh
command input, input the FFh reset command to terminate the operation.
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The device contains ID codes which can be used to identify the device type, the manufacturer, and features of the

device. The ID codes can be read out under the following timing conditions:

CLE_/_\ tcea
« A B

ALE f }‘

o

RE !{ [ ) [ [\ [
tREA
/ \ f \ \ f \ [ see \ [ see \ [ see
o \ a0 / \ 00h f 98h [ \ A f \table 5/ \table 5/ \table 5)
ID Read Address 00 I‘u‘laker code Device code 3rd Data 4th Data 5th Data
command
Table 4. Code table
Description 1/08 | 1/07 | 1/06 | 1/O5 | 1/04 | 1/O3 | 1/O2 | 1/0O1 Hex Data
1st Data Maker Code 1 0 0 1 1 98h
2nd Data Device Code 1 0 1 0 1 ACh
3rd Data Chip Number, Cell Type 1 0 0 1 0 90h
4th Data Page Size, Block Size, 1/0 Width 0 0 1 0 0 26h
5th Data Plane Number 0 1 1 1 0 76h
3rd Data
Description 1/08 1/07 1/06 1/05 1/04 | 1/03 1/02 | 1/01
1 0 0
2 0 1
Internal Chip Number
4 1 0
8 1 1
2 level cell 0 0
4 level cell 0 1
Cell Type
8 level cell 1 0
16 level cell 1 1
Reserved 1 0 0 1
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4th Data

Description 1/o8 | 1/07 | 1/Oo6 | 1/O5 | I/O4 | 1/O3 | I/02 | I/O1

1KB
Page Size 2 KB

4 KB

= = O O
= O = O

(without redundant area)
8 KB

64 KB
128 KB
256 KB
512 KB

Block Size

(without redundant area)

= B O O
=, O ¥» O

1/0 Width x8 x16

Reserved 0 0 1

5th Data

Description 1/o8 | 1/07 | 1/o6 | I/O5 | 1/O04 | I/O3 | I/02 | I/O1

1 Plane
2 Plane
4 Plane
8 Plane

Plane Number

= = O O
= O = O

Reserved 0 1 1 1 1 0
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13.15 Status Read

The device automatically implements the execution and verification of the Program and Erase operations. The
Status Read function is used to monitor the Ready/Busy status of the device, determine the result (pass /fail) of a
Program or Erase operation, and determine whether the device is in Protect mode. The device status is output via
the I/0O port using RE after a “70h” command input. The Status Read can also be used during a Read operation to
find out the Ready/Busy status.

The resulting information is outlined in Table 5.

Table 5. Status output table

e Page Program : Read
Definition Block Erase : Cache Program cathieRead
101 i ki , Pass/Fail Pass/Fail Invalid
Pass: 0 Fail: 1

1102 g;;'féatus B o Invalid Pass/Fail Invalid
1103 Not Used 0 0 0
104 - Not Used ‘0 ‘0 0
1105 Not Used 0 0 0

EF’age Buffer Ready/Busy
/OB ‘Ready: 1 Busy: 0 iRea«d\,\,';’Ei‘.usy iReadyIBusy iRead;.n‘E?'usy\,'

iDaia Cache Ready/Busy
o7 ‘Ready: 1 Busy: 0 :Readnyusy :Readya’Busy :Readeusy

I Write Protect - [T it
1108 'Not Protected 1 Protected: 0 :erte Protect ngte Protect jWnte Protect

The Pass/Fail status on 1/01 and /02 is only valid during a Program/Erase operation when the device is in the Ready
state.
Chip Status 1:
During a Auto Page Program or Auto Block Erase operation this bit indicates the pass/fail result.
During a Auto Page Programming with Data Cache operation, this bit shows the pass/fail results of the
current page program operation, and therefore this bit is only valid when 1/06 shows the Ready state.
Chip Status 2:
This bit shows the pass/fail result of the previous page program operation during Auto Page Programming with
Data Cache. This status is valid when 1/07 shows the Ready State.
The status output on the 1/06 is the same as that of I/07 if the command input just before the 70h is not 15h
or 31h.
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An application example with multiple devices is shown in the figure below.

CE1 L CE2 J) CE3 L CEN J> CEN=1 (L
CLE
ALE Device Device Device Device Device
WE —( 1 —— 2 — 3 N g N+1
RE —¢ - — ¢ —

to 1/08
RY /BY . ® . .

RY/BY \ Busy
CLE / \

Y o .//l e l// e f//|"/ R,

v/
Can \ [ ) /

{ 70h }

g

Vo

QL
aC

Status on Device 1 Status on Device N

System Design Note: If the RY / BY# pin signals from multiple devices are wired together as shown in the diagram,
the Status Read function can be used to determine the status of each individual device.
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13.16 Reset

The Reset mode stops all operations. For example, in case of a Program or Erase operation, the internally generated
voltage is discharged to 0 volt and the device enters the Wait state.

Reset during a Cache Program/Page Copy may not just stop the most recent page program but it may also stop the
previous program to a page depending on when the FF reset is input.

The response to a “FFh” Reset command input during the various device operations is as follows:

When a Reset (FFh) command is input during programming

A ey £ ey
CEO—C Ll A
Internal Vpp /
RY/BY \
trsT (max 10 ps)

When a Reset (FFh) command is input during erasing

P
B2

@

Internal erase
voltage /

RY/BY \

trsT (max 500 ps)

When a Reset (FFh) command is input during Read operation

RY/BY \

tneT fmax & usl

When a Reset (FFh) command is input during Ready

& Cod—

RY/BY \

trsT (Max 5 ps)

When a Status Read command (70h) is input after a Reset
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>
———— /O status: Pass/Fail — Pass

CEED)

NS
— - Ready/Busy — Read
RY/BY —\—/ ; v 8

When two or more Reset commands are input in succession

(2) (3)

(1)
AT Y e Y

—@®
RY/BY \
The second @ command is invalid, but the third ® command is valid.
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14. Timing Diagrams

14.1 Latch Timing Diagram for Command/Address/Data

77 /
Setup Time Hold Tim

W \ i

CLE

_/}’(

REJ

tps toH
l[e}
:VFHOI'VIL
14.2 Command Input Cycle Timing Diagram
CLE
tcLs tc
4{{ tci.S i t'cHLH j\
E/i{% /1/ //.7, S // //1/,'/
twp
WE )[ I’d
tals L tarn N
ALE }Lf/ 7 7
tps toH

7, %7 77
7 % : é

M or VL
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14.3 Address Input Cycle Timing Diagram

toLs tCLH

% teH tes tyc by tcH
m " d |al Al A

L bap v twp tH P

twH o fwe
. — U
; tals taLH

ALE 'L
tos | IDH D5 | 10H tns | OH s | tDH s | fDH

SWH Or YL

CLE
CE

14.4 Data Input Cycle Timing Diagram

> &3
tes tch = fcs ten

ﬁ//%L ) % Ve

taLs taLH
o

ALE %%% l o . } ,

twp twH twp typ
— \ 4 LY /_[.nr Z
= /] N ‘t ;

tos | toH tps | toH tos | toH

< > »| basd s
1o // D0 W% Diy @é‘%[}mm&%
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14.5 Serial Read Cycle Timing Diagram

ke
S 4
=7 Y\ J
trp tReH trp trp ferz
l"
- _ —\ _ — /
u tRHZ \—/ trRHZ \—/ tRHZ
IREA tron|  |IREA tRHOH IReA tRHOH
fcea — tcea
1[®] L
trRR
[;"
RY/BY
% IV;H or Vﬂ_
14.6 Status Read Cycle Timing Diagram
telr
GE tois (TCLH
s N
ce K Y.\ Y
[ twe | fcH tcEa
= \‘ //
WE twHC erz
twHR
N 4
RE
N ] |weon
ips | toH IR
trReA tRHZ
1o 7o0n* / } ffﬁ:}‘ft  E—

RY IBY /

Wi or ViL

*  70h represents the hexadecimal number
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14.7 Read Cycle Timing Diagram

tCLR
fcLs fclH fcLs IclH
fcs |teH tcs |teH
R T— I
=\ |2 A B PB B |7
B
=\ ’L } FERY IRV IRY
LalH tals LalH tals
ALE )L J‘
R Re
ﬁ TERTATAY
IDS|tDH DS|IDH DS|DH  IDS|tDH IDS|tDH DS |tDH tD5 |tDH trg | |CEA

=]
tREA
[Tan W can W Fan W Fas W rPaTe e ¥
L /% 00k 07 %mw%m? %mm% 30 N

ks = Data out fram
Col. Add M Col . Add. N

RY/BY
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14.8 Read Cycle Timing Diagram: When Interrupted by /CE

GLR
e
CiE %
LS toLH toLs  tCLH \ I
teg [teH tcg |fcH
=\ | BB BB A V2 |
Ty le 5| tCSD
e\ ’L r ]s f v U Y
TalH tals faLH  tALS
: \ )
R e, TicHz
tRHZ
ps|toH IDs|fH tDs|foH DS |!DH IDS|IDH  tDs|iDH D5 |tDH e TCEA  taron
el
\ CAl CAB F&0 FAB WA PA1E READ T\ [Dour]
2 — %( to 7 %tuﬁ%tu? %mw% Al INAVEX
Cal. Add. 1 Col. Add. N
RY/BY 1 i
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14.9 Read Cycle with Data Cache Timing Diagram (1/2)

1
teLR L toLR
1
CLE ) ﬂd )
i toLH ]{ tCLH!i teLH I tcLH
cLs leLs el ‘ECLS e utCLS el
; 1oH 2 teH )l teH : tQH
tcg | Ies %ltcs s
J— 1 N
= bbb I A A 7
b 1
1
1
SRR TR VRV Tt | \y
I
(TALH }ALS N talH tas tRwy tCEA 1 tCEA
1
1
1
ALE :
]
R tDCEsYRI tRe 1 IDCBS YR
1
= b W UVVUT Y
1
=) toH Ips|toH ns)oH Ds|toH  Ds|oH - 1oy Ips | toH Ipg)tH RR| linea 1 Ing|ioH RR| foea
e e e e 1)<)r(‘r<)1)<- T O R 1 | e
1
/ PAR VAPA1E ! | DouT
o / % aoh 3th
/j ’ % to 15 A i
Caolumn address Page address : P3ge address
1 i M+ 1
— \ i i i 1 v
RY/BY Col. Add. 0 : Cal. Add. 0
1
1
1
1
¥ The column address will be reset to 0 by the 31h cormmand input

Continues to of next page

14.10 Read Cycle with Data Cache Timing Diagram (2/2)

I
toLR tcIR toLr
CLE { H f
4/‘/—** thLStCLH oL tEﬁ-l ] fols e
e )

T et e tc

1ecs tcs cS
=_A ] A AL A hh ., B hAhh
CE |

I

1
1
1
T )]
oY Lt L 7
: < SICEA P 1CEA tCEA
1
1
ALE :
T T T
! | focesvR1 EEL EEEGN RC, | tocesvR e
4 s £
S— 1 k b H
oy e 'UJHJHU e LWU e L/Js/lf\/
DS|1OH D3[OH
: RRlc sle | tREA I tRR le—sle sl tREA tRRle ule 5/ tREA
1 i .
1/ 3 ) &) )
oury Bour o o outour Fout S outBour @
1 {4 n
1 Page address
: Page address M + 1 gM i FPage address M + x
L0
= i [ 1 ’ \ v
RiaY ! L/ coladdo
| Col. Add. Col. Add. 0
1
1
Continues fram of previous page M ake sure to terminate the operation with 3Fh command.
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14.11 Column Address Change in Read Cycle Timing Diagram (1/2)

tcLR

]I 1
CLE - I
IcLs tCLH \fcLs toLH 1
k 1
tcg  [icH tes  |te ¢ :
e 1
1A A A A AKTE h L)
S i
S tCEA H
v U Yy \y\y\y |
1
talH, tas tan  tas 1
1
1
ALE !
R R :
1

= . 8 N
Ds|ipd  Dg)loH D3|l Ds|ipH DS|ioH Ds|ioH S|t R | thEa !
1
1
CAD CAB PAD B PA1E outyDouty gD

Le " 07 Nt 127K\ 0 7 K\ 15 4 AT ,
1

Page address Page address

P Pl
h
= 1
RY/BY ] l H
L] !
Colurmn address :
1
1
1
1

Continues to Dfnext page
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14.12 Column Address Change in Read Cycle Timing Diagram (2/2)

14.13 Data Output Timing Diagram

ALE

il
m

3

Ry (BY

CLE
LS tolH
tcs  fcH

fcls tCLH{

icH

LR Hy

U

A Th
\_]_

ALH TALS

C_

Coalumn address
B

Douth/Dout\,
B

B+1/"

Page address
FI

aimm,

LGS

e sl poolle. s Bl wovess onele o Mo

Continues from n of previous page

|

Column address
B

CLE 1
tors | toiH
tcs tcH
. % | V
talH
ALE %
Lile IcHz
trp IREH trRp trRp tRHZ
—
RE 1 1 ) 1 ' | j'
tcEA 'R 'REA tos | toH
- b=
trREA L | JRLOH | [RLOH
o] P* Dout %/ Dout Dout ommand
s tRHOH RHOH
RY/BY ]
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14.14 Auto-Program Operation Timing Diagram

toLs
CLE T
toLs toLH

Lcs tes

= LA
i

LALH ta H
tals

tals |

Fie}

Column address
M

— = X
Ry fBY 1 i

Do not input data while data is being output.

SWiH or YL

*¥1M:up to 4351 (byte input data for xB8 device).
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14.15 Auto-Program Operation with Data Cache Timing Diagram (1/3)

toLs ¢
teLs toLH \ g
tcs fcs ¢
=4 '\
("J ¢
toH
A ’
TALH TALH /_\_/_\ / Jr\_/_
ta g DCESYW2
tals
ALE
§ $
@
— 3T
RE
ths
08| oy togiDH o1
L am
o A "/,//;:’ 07 Mo12Ata? Ao 15 'N
Din4351
L
RY/EY N [
Do not ingut data while data is being output. "\ f
% SR Oy
CA0to CA12 1s0inthis diagram 1

Continues to |I| of next page
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14.16 Auto-Program Operation with Data Cache Timing Diagram (2/3)

fcLs

CLE %LS CLH ¢ /_WI

ets]
&3

EE

o\

ALE

i T !_
Ry /By K
o - e =
Repeat a max of 62 times (in order to program pages 1 to 62 of a block).
Continues fram of previous page Continues to E] of next page

Do not input data while data is being output.

Wy or V)L
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14.17 Auto-Program Operation with Data Cache Timing Diagram (3/3)

foLs .
CLE 3 / \
Jt 5 foLH) e
I
ics tcs :
=114 Y W\
IcH
| E S AVAVAVAU SR AV ,
taL s taLs PROG (*1)

ALE

D31

£
hT
RY/BY YK r
: Do nat input data while data is being output.

Wi or V)L

I_ﬁ
(*1) tproG: Since the last page prograrmming by 10h command is initiated after the previous cache

Continues from of previous page  program, the tprog during cache programming 15 given by the following equation

tpROG = tPROG of the last page + tppog of the previous page — A
A = [command input cycle + address input cycle + data input cycle time of the last page)

If "A" exceeds the tprp o of previous page, tprog of the last page istppog max.

Note: Make sure to terminate the operation with 80h-10h- command sequence. If the operation is terminated by 80h-15h command

sequence, monitor 1/O 6 (Ready / Busy) by issuing Status Read command (70h) and make sure the previous page program operation is

completed. If the page program operation is completed issue FFh reset before next operation.
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14.18 Multi-Page Program Operation with Data Cache Timing Diagram (1/4)

toLs

CLE

!

toLs toiH

o s

A,
-
E

tALH

ALE

lje]

Page Address M
District-0

RY/BY

Continues to of next page
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14.19 Multi-Page Program Operation with Data Cache Timing Diagram (2/4)

tcLs
CLE y
td s foLH
tcs tes
< >
CE
teH
-
WE /_\_/
. /|talH tagH
< I
taLs
< |
tars
ALE
[
T 7
RE
DS ton  tog|toH
Tle] a1h CAD Y CAB\ PAD \/ PAB \VPA1E
to7 Mo 12/ to7 fA\to 15
Page Address M
District-1
RY/BY
___________________________________________________________ >
Repeat a max of 63 times (in order to program pages 0 to 62 of a hlock).

Continues fram of previous page

Continues ta of next page

: Do not input data while data is being output

W or YL
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14.20 Multi-Page Program Operation with Data Cache Timing Diagram (3/4)

Icls)

£ Jtels toH i«

tcs tc

=114 wY B

MCAVAVAVAY MT AT S\

ta s ta s IDCBS YW1

7l
ek
o

ALE

toOH

e} i

Page Address M+n ’ \
District-0 Dy 3a1

L

RY (BY ; i \ /

d - Oio not input data while data is being output \ /

ViH or VL

Cantinues from of previous page Continues to of next page
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14.21 Multi-Page Program Operation with Data Cache Timing Diagram (4/4)

GlE
e

fcLs
[y

o Ic Ll

tes

fcs

2

L liew

L AT AVAVAVAT SR
 tarn | [ALH
tals taLs
ALE
RE
Ipg
DS/toy  togion AEH
CAD N CABN PAD \/ PAB \/PA1E Diw Status
1o 81h to7 MNto 12/ to7 Nto 15 i I+1 output
Page Address M+n 4
District-1 Oy43a1
i
2T
RYIBY “ 3
. Do not input data while data is being output.

Ell

Continues from of previous page

M or VL

(*1) tprO: Since the last page programming by 10h command is inttiated after the previous cache
program, the tppog during cache programiming is given by the following equation.

tPROG = tPROG of the last page + tPROG of the previous page - A
A= (command input cycle + address input cycle + data input cycle time of the last page)

If"A" exceeds the tppog of previous page, tprog of the last page istprog max.

Note: Make sure to terminate the operation with 81h-10h- command sequence. If the operation is terminated by 81h-15h command

sequence, monitor 1/O 6 (Ready / Busy) by issuing Status Read command (70h) and make sure the previous page program operation is

completed. If the page program operation is completed issue FFh reset before next operation.

Rev 1.0
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14.22 Auto Block Erase Timing Diagram

teLH

e\ \

AL tvE IBERASE

w_ ] | [
- e

Ios|thH
€|

FaD \ Pag \/ PAIE £
G0h Dih
% XX
s \ Busy
By /BY Autn Block Erase Start r Status Read
Erase Setup command —f cormmand
command

% SWIH or YL

= - Do not input data while data is being output.
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14.23 Multi Block Erase Timing Diagram

f \d ) L
. » b L

1 tCLH

— t
= _\{1—> LS

i
1
1
AT 1
WE 1 /_\_/
1
: tals talH twe {BERASE
. } ;
- | 7
ALE ! 1 %
T 1
! 1
' 1
—= t T
RE : 1 W/ A /
1
1
I 1ps|iDH :
I e 1

PAD PAS PATE
o % ean i( o7 X msx % :

output

—i T
RYBY _/ 1 Auto Block
| Eraze Setup
: cormmand

1

Erase Start\ Busy / Status Read
command \—} command

Repeat 2 times (District-0,1)
e e e

CWIH or YL

: Do not input data while data is being output.
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14.24 ID Read Operation Timing Diagram

tcLs
CLE
tcLs
tcs _tcs tcH  tcea
e\ [ WO\ /
taLs tALH
taLH tar
ALE ;é 5\
== \ /
RE
tDH \
tos tRea | tRea trREA tREA
/ \ \
11O 90h { 00h } 98h / h ACh Table 5 |\Table 5/ |\Table 5
ID Read Address Maker code Device code 3rd Data 4th Data 5th Data
command 00

Vg or V)L
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15. Application Notes And Comments

(1) Power-on/off sequence
The timing sequence shown in the figure below is necessary for the power-on/off sequence.
The device internal initialization starts after the power supply reaches an appropriate level in the power on
sequence. During the initialization the device Ready/Busy signal indicates the Busy state as shown in the figure
below. In this time period, the acceptable commands are FFh or 70h.
The WP signal is useful for protecting against data corruption at power-on/off.

27V g \ 27 V

25V 4 N s
Vee  / i \\

Don't /" ! N Don't Don t 4
care \ g %are care
VIH

g ViL ViL |_
WpP 1 ms max 1 ms max

Operation

D

100 ps max

Irwalld
Ready/Busy

(2) Power-on Reset

100 ps max ey

§ %Inv\atid %
7

The following sequence is necessary because some input signals may not be stable at power-on.

E&Q‘“@._._}.

Fower on @

Reset

(3) Prohibition of unspecified commands
The operation commands are listed in Table 2. Input of a command other than those specified in Table 2 is
prohibited. Stored data may be corrupted if an unknown command is entered during the command cycle.
(4) Restriction of commands while in the Busy state
During the Busy state, do not input any command except 70h(71h) and FFh.
(5) Acceptable commands after Serial Input command “80h”
Once the Serial Input command “80h” has been input, do not input any command other than the Column

Address Change in Serial Data Input command “85h”, Auto Program command “10h”, Multi Page Program
command “11h”, Auto Program with Data Cache Command “15h”, or the Reset command “FFh”.

WE T LI LTI

. -

Address input

RY/BY /
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If a command other than “85h” , “10h”, “11h” , “15h” or “FFh” is input, the Program operation is not performed
and the device operation is set to the mode which the input command specifies.

rogramming cannot be executed.

Made specified by the command.

Command other than
“85h", “10h", “11h", “15h" or “FFh"

(6) Addressing for program operation
Within a block, the pages must be programmed consecutively from the LSB (least significant bit) page of the
block to MSB (most significant bit) page of the block. Random page address programming is prohibited.

From the LSB page to MSB page Ex.) Random page program (Prohibition)
DATA IN: Data (1) —> Data (64) DATA IN: Data (1) » Data (64)
\—* Data register \—* Data register
Page 0 (1) Page 0 (2)
Page 1 (2) Page 1 (32)
Page 2 (3) Page 2 (3)
Page 31 {32) Page 31 (1)
Page 63 (64) Page 63 (64)

(7) Status Read during a Read operation

Command @ @ : [A] :
&= \_/\ |
U VaVAVaVaVan Wanmnll

RY/BY \ [

e U\
Address N Status Read

|

command input Status output
Status Read

The device status can be read out by inputting the Status Read command “70h” in Read mode. Once the device
has been set to Status Read mode by a “70h” command, the device will not return to Read mode unless the Read
command “00h” is inputted during [A]. If the Read command “00h” is inputted during [A], Status Read mode is reset,
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and the device returns to Read mode. In this case, data output starts automatically from address N and address

input is unnecessary

(8) Auto programming failure

80 (10 70 o> (80)) C10))
T NSNS
Address Data Address Data
M input N input
@ ﬂ If the programming result for page address M is Fail, do not try to program the
4 10 page to address N in another block without the data input sequence.
Because the previous input data has been lost, the same input sequence of 80h
M command, address and data is necessary.
N

(9) RY/BY# : termination for the Ready/Busy pin (RY/BY# )
A pull-up resistor needs to be used for termination because the RY/BY# buffer consists of an open drain circuit.

Vee
Y Re
L vis

Vee =R X

Device P x“ sy 4
R ! %

_{ l CL t ir
Ve =33V

v
2 Ta = 25°C
L 15 s - CL = 50 pF— 15 s

tr 1.0 ps — T 10ns f

This data may vary from device to device. 05 us —5ns

We recommend that you use this data as a

reference when selecting a resistor value.

Rev 1.0 Jul/01/2024 Page 65



XS27Q04A Parallel SLC NAND XEMi'lRON

<

(10) Note regarding the WP# signal
The Erase and Program operations are automatically reset when WP goes Low. The operations are enabled and
disabled as follows:

Enable Erasing

9
&

160 ) DO

(

=

RY/BY | |

-

woom
tww (100 ns MIN)

Disable Erasing

w7\
RY/BY

tww (100 ns MIN)

-/

C100)
DIN 80 (10)

-

s
L

RY/BY

A
tww (100 ns MIN)

Disable Programming

/[

C 10
DIN 80 (10 )

i

RY /BY

g

tyyw (100 ns MIN)
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(11) When six address cycles are input
Although the device may read in a sixth address, it is ignored inside the chip.
Read operation

= )

L VO A WV W A W A W U A U (WS
e |

o —(o )y~ A A O~ )

lgnored |

Address input
RY/BY \{

Program operation

CLE

ALE

o

Address input Knooer] Data input
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(12) Several programming cycles on the same page (Partial Page Program)

Each segment can be programmed individually as follows:

1st programming Data Pattern 1

2nd programming Data Pattern 2

4th programming Allls Data Pattern 4

Result Data Pattern 1 DataPaltem2 | -o-osmimssssoomooonosTooTs Data Pattern 4

(13) Invalid blocks (bad blocks)
The device occasionally contains unusable blocks. Therefore, the following issues must be recognized:

Please do not perform an eraze operation to bad blocks. It may be
impossible to recover the bad block information if the information is
erased.

W pal oL Check if the device has any bad blocks after installation into the system.
Refer to the test flow for bad block detection. Bad blocks which are
detected by the test flow must be managed as unusable blocks by the
system.

,:/W/ - Bad Block A bad block does not affect the performance of good blocks because it 1s

isolated from the bit lines by select gates.

The number of valid blocks over the device lifetime is as follows:

MIN TYE. MAX UNIT

Valid {Good) Block Number 2008 — 2048 Block

Bad Block Test Flow
Regarding invalid blocks, bad block mark is in whole pages.

Please read one column of any page in each block. If the data of the column is 00(Hex), define the block as a
bad block.
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| Start

Block No=1
Fail
Read Check
Pass -
Block No. = Block No. + 1 Bad Block *1

Mo
Last Block
Yes
[ End

Gt B8 No erase operation is allowed to detected bad blocks

(14) Failure phenomena for Program and Erase operations
The device may fail during a Program or Erase operation.
The following possible failure modes should be considered when implementing a highly reliable system.

FAILURE MODE DETECTION AND COUNTERMEASURE SEQUENCE
Block Erase Failure Status Read after Erase - Block Replacement
Page Programming Failure Status Read after Program -> Block Replacement
Read Bit Error ECC Correction / Block Refresh

* ECC: Error Correction Code. 8 bit correction per 512 Bytes is necessary.

* Block Replacement
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Program
Error oceurs When an error happens in Block A, try to reprogram the
Buffer | b 3 data into another Block (Block B) by loading from an
memory — Block A external buffer. Then, prevent further system accesses
N‘_‘;& e to Block A ( by creating a bad block table or by using
T J another appropriate scheme).
s  Block B
Erase

When an error occurs during an Erase operation, prevent future accesses to this bad block
(again by creating a table within the system or by using another appropriate scheme).

(15) Do not turn off the power before write/erase operation is complete. Avoid using the device when the battery is
low. Power shortage and/or power failure before write/erase operation is complete will cause loss of data and/or
damage to data.

(16) The number of valid blocks is on the basis of single plane operations, and this may be decreased with two plane
operations.

(17) Reliability Guidance

This reliability guidance is intended to notify some guidance related to using NAND flash with 8 bit ECC for each
512 bytes. For detailed reliability data, please refer to XTX’s reliability note. Although random bit errors may occur
during use, it does not necessarily mean that a block is bad. Generally, a block should be marked as bad when a
program status failure or erase status failure is detected. The other failure modes may be recovered by a block
erase.

ECC treatment for read data is mandatory due to the following Data Retention and Read Disturb failures.

* Write/Erase Endurance

Write/Erase endurance failures may occur in a cell, page, or block, and are detected by doing a status read
after either an auto program or auto block erase operation. The cumulative bad block count will increase along with
the number of write/erase cycles.

* Data Retention

The data in memory may change after a certain amount of storage time. This is due to charge loss or charge
gain. After block erasure and reprogramming, the block may become usable again. Here is the combined
characteristics image of Write/Erase Endurance and Data Retention.
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Data

Fetention

[Years]

i bl N P " i

Write/Eraze Endurance [Cycles]

* Read Disturb

A read operation may disturb the data in memory. The data may change due to charge gain. Usually, bit errors
occur on other pages in the block, not the page being read. After a large number of read cycles (between block
erases), a tiny charge may build up and can cause a cell to be soft programmed to another state. After block erasure
and reprogramming, the block may become usable again.
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