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Parallel SLC NAND

XT27Q04A

1. General Description

The XT27Q04A 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 XT27Q04A is a serial-type memory device which utilizes the 1/0O 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.

2. Features

>
>
>

Single Level per Cell (SLC) Technology
ECC requirement: 8Bits/544Bytes

Power Supply Voltage

Voltage range 1.7V ~ 1.95V

Organization

Memory cell array 4352 x 128K x8
Register 4352 x 8

Page size 4352 hytes

Block size (256K.+ 16K) bytes
Modes

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

Min 2008 blocks

Max 2048,blacks

Page Read / Program

Random access 254us (Maxs)

Sequential accéss 25 ns (Min.)

Program time 300 ps (Typ.)

Access time

Cell array to register 25 ps 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.
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Program (avg.) 30 mA max

Erase (avg.) 30 mA max
Standby 50 pA max

> Reliability
10 Year Data retention (Typ.)
Block zero are valid

&\?&
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3. Part Number Description

XT 27Q 04ABS1G A

Vendor
XT : XTX Technology

Product family
27Q : 1.8V Parallel NAND

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

ay
K Green code
G: Green/Reach package
Temperature range 4‘% \
I: Industrial (-40°C to 85°C) \
.\®

&

S

Package type
BS : BGA63

Apr 24,2023 Rev 0.2 Page 5



xﬁ
Parallel SLC NAND XT27Q04A

4. Pin Assignments

|71 2 3 4 5 6 7 8 9 10
A | NnCc NC NC NC
B | NC NC NC
C WP ALE Vsg CE WE RY/BY
D NC RE CLE NC NC NC
E NC NC NC NC NC NC
F NC NC NC NC NC NC
G NC NC NC NC NC NC
H NC 1/01 gNGw, NC NC Véc
J NC [fO2h NE& Vec /96 W08
K Vigs O3 1104 1/05 WO7W Vss
L | NC NE NC NC
M _|*NCTNC NC NC
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5. Package Dimension

TFBGA63
PIN 1 INDEX 0.6340.05 0.8X(10-1)=7.2
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6. Logic Diagram And Pin Description

Logic Diagram

VCC  VCCa
CE# —(Q O0-1/O7
WEz : /O8~1/015 (x16 only)
REz —( O——HR/B#
ALE
CLE
WPy ———(O
V8§ V550

Pin Description

Pin Name Description
Inputs/Outputs. The 1/0O pins_are, usedifor command inputzaddress,inputy data input, and data
1/01-1/08 (x8)

output. The I/0 pins float to High4Z when the device is deselected orthe outputs are disabled.

CLE Command Latch Enablé. This input activates the latehing of.the 4/O inputs inside the Command
Register on the rising edge of Write Enable (WE#).
Address Latch_Enable. Thisihput activates the latehing of the I/O inputs inside the Address Register

ALE on the rising,edge ofiWrite Enable (WE#).

CE# Chip Enable. This)input controls the selection ofithe device. When the device is not busy CE# low
selects'the memory.

WE# Write Enable. This input latches Command, Address and Data. The 1/O inputs are latched on the
rising edge of WE#.
Read Enable. The RE#'input is the serial data-out control, and when active drives the data onto the

RE# I/0 bus. Data ig\valid tREAafter the falling edge of RE# which also increments the internal column
address counter by one.

Wb WriteProtect. The WP# pin, when low, provides hardware protection against undesired data
madification (program / erase).

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

Ve 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 pF 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

Vee Vss
Status register [« T T

101 © 4  Address register Column buffer

f{®]
V%/x’/////////////‘///////*’/

Control circuit

to Column decoder

S
E

Data register

108 © Command register

@ | Sense amp S

CE o—>

CLE 0—| & V
o
ALE o— @8
— i ircui o
WE Logic control Control circuit = E emo Il array
__ 8o
RE o0—— H :
— o
WP 0——>

RY/BY c:
}— RY/BY HV gene r

e ——
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8. Absolute Maximum Ratings
SYMBOL RATING VALUE UNIT
\ee Power Supply Voltage -0.6to 2.5 Vv
VIN Input Voltage -0.6t0 2.5 v
Vi/0 Input /Output Voltage -0.6toVCC +0.3 (£2.5V) \%
PD Power Dissipation 0.3 W
TSOLDER Soldering Temperature (10 s) 260 °C
TSTG Storage Temperature -55t0125 °C
ToPrR Operating Temperature -40 to 85 °C
9. 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 fonevery device.
10.Valid Blocks
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
NvB Number of Valid Blocks 2008 — 2048 Blocks
NOTE:

Theldevice occasionally contains unusable blocks. Refer to Application Note (13) toward the end of this document.

The firstiblock (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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11.Recommended DC Operating Conditions

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vce Power Supply Voltage 1.7 — 1.95 Vv
VIH High Level input Voltage Vcex 0.8 — Vcc+0.3 Vv
ViL Low Level Input Voltage -0.3* — Vee x 0.2 Vv
* 1 =2V (pulse width lower than 20 ns)
12.DC Characteristics
(Ta =-40°C to 85°C, VCC=1.7 to 1.95V)
SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT
I Input Leakage Current VIN=0VtoVcC — ] +10 pA
ILo Output Leakage Current VOouUT =0/ to VcC — — +10 MA
Iccol Serial Read Current CE#= VYL, louT = 0 mA, tcycle =25 ns — — 30 mA
Icco2 Programming Current — — — 30 mA
Icco3 Erasing Current — — — 30 mA
Iccs Standby Gurrent CE# =\Mee=0.2 V,WP# = 0 V/VcC — — 50 UA
VoH High Level Qutput Voltage I0H'=-0.1 mA Vee—0.2 — — \%
VoL Low Level Output Voltage 0L =01 mA — — 0.2 \Y
loL (RY./BY# )| Output currenf of RY/BY# pin[ VOL=0.2V — 4 — mA

L
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13.AC Characteristics
(Ta=-40°Cto 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
twc 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 Impedancé — 60 ns
tCHZ CE#Highto,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
tRAW RE# High toAWE# Low. 30 — ns
tWHC WE# High to CE# Low 30 — ns
tWHR WE# High to RE# Low 60 — ns
tR Memory CellArray 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: tCS should be longer than tWP + 8ns.

Apr 24,2023
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14.AC Test Conditions
CONDITION
PARAMETER

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

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

15.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 (followirig,11h) — — 10 us
tDCBSYW2 | Data Cache Busy Time in Write Caché'(following 15h) — — 700 us (2)
N Number of Partial Program Cyclesiin the’Same Page - — 4 (1)
tBERASE Block Erasing Time — 3.5 10 ms

Refer to Application Note (12) towafd the,end of'this document.

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

16.Data Output

WhendtREH\is lang, output buffers are disabled by RE#=High, and the hold time of data output depend on tRHOH
(25ns MINY). On this conditionawaveforms look like normal serial read mode.

When tREH)is short, outplt 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 laok like Extended Data Output Mode.

e
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17.Array Organization

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

i

Data Cache| .- 408 1256

A page consists of 4352 bytes in which 4096 bytes are
used for main memory storage and 256 bytes are for
redundancy or for other uzes.

_____________________

Page Buffer| .-4088 1266 1 page = 4352 bytes
//E'"UJ"" B / 1 block = 4352 bytes x 54 pages = (356K + 15K) bytes
A } Capacity = 4352 bytes x 64pages x 2048 blocks
7|} 64 Pages-1 black
131072 :
panes

2048 hlocks

- BIID
4352
Ah address 1s réad inaia the IM0 port over five
ccnsenutlve clock oyaés, as ghownin Table 1.
18.Addressing

1/08 1107 1106 1/05 1104 1/103 1102 /101

First cycle CA7 CA6 CAS5 CA4 CA3 CA2 CAl CAO0
Second-eycle L L ¥ CA12 CA11 CA10 CA9 CA8
Third cycle PA7 PAG PA5 PA4 PA3 PA2 PAl PAO
Fourth cycle PA15 PA14 PA13 PA12 PAl1l PA10 PA9 PAS8
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 }
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19.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 g — H %
Data Input L L L T4 H H
Address input L H L 4 H -
Senal Data Output L L L H 5 -
During Program (Busy) * * * * * H
During Erase (Busy) * * i # * H

* . H 4 * -
Dunng Read (Busy)

* * L H j#2) HP2) *
Program, Erase Inhibit * * * ik * L
Standby * . H \ * 0ViVce

H: ViH, L: Vi, *: VIH or VL
*1: Refer to Application Note /20)itowardthe end of this documient 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:

e ——
Apr 24,2023 Rev 0.2 Page 15



X3

Parallel SLC NAND XT27Q04A
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 R
Status Read 70 —
Status Read for Multi-Page Program or Multi BIoch 71 —
Reset FF —

HEX data bit assignient
(Example) Serial Data Input: 80h

8 7 6 5 4 3 21N

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

Apr 24,2023 Rev 0.2 Page 16



Xﬁ
Parallel SLC NAND XT27Q04A

20.Device Operation

20.1. 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.).

ce [ [\
s \ D D DD 777 /)
VAV AVAVAVAVAY.
ALE / \ \

RE / AL ARLS
RY /BY Colurm Address 1 Page Address N \ Busy [ is

”_ - - Page Address N
Start-address input

A data trafnsferoperatiopffrom the cell array to the Data

Data Cache | Ml 7 T D Cache wia Page Buifer starts on the rising edge of WE inthe
[ A0h gomrmand input cycle (after the address infarmation has
Page Buffer | l}' | heen latched)ilhe device will be in the Busy state during this
:. )y transfer pekiod.
SEEC[EJ hage }q = 2 s |t Cell anay Afterthe transfer period, the device returmns to Ready state.
’T“ = Sefial data can be output synchronously with the RE  clock

61 10 = 4351 from the start address designated in the address input cycle.

e ——
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20.2. Random Column Address Change in Read Cycle

CLE_/_\ /_\ /_\ /_\
=\AAAAd A7) B0 DAL AAAALD

WE

ALE

RY (BT

Fe

Start-address input Start from Col. M Stacgfrorm ol kM
M M During the serial data output fromthe,Data Cache, the column
| SN address can be changed by inputting a ngw column address
[, ® . I using the 05h and E0h cammantds, The datais read outin serial
starting at the newy columfaddressTKandom Column rEss
| f\( | ing at th luragidces=WRandom Column Add
I . Change operation cambe done multipletimes within the same
Select page__ | page .
M

20.3. Read Operation with Read.Cache
The device has a Read operation withiDataiCache that enablés the highispeed read operation shown below. When
the block address changes, this séquenceihas to be startéd,from the beginning.

/o LW = A
AN 1R T T
“VMMA Y \S N

w_J NP\ \

R

113

Col. M F'age i Column 0 Fage Address N FPageAddress M+ 1 Page Address M + 2
Data Cache |:>Page N [ c——>FPageh+1 [e—
Page Buffer @ — ©) @ [NE=rEa | 0
{[/
Cell Array Page N Page M+ 1 f/
Page N+ 2

S1h& RE clock am & RE clock 3Fh& 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.  Normal read. Data is 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.
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3. Dataof Page N + 1 is 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.  Data of 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.

e ——
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20.4. Multi Page Read Operation
The device has a Multi Page Read operation and Multi Page Read with Data Cache operation.

20.4.1. 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.

Cammand
input (3 cyele) (3 cyrle)
Address input Address input —@ @
Fage Address FPage Address
FAD to PA1G FAD to PATE
{District 0) (District 1) tR
- \ / ®
RY/BY
Command
input (5 cycle) (2 Cycle)
Address input Address input Ulata output
Column + Page Address Column Address (District 0}
CADto CA12, PAD to PA1E CADto CAT2
(District 0] (District 0}
— B
FYiBY @ O
Command
input (5 cycle)
Address inpuf Address inft Data output —
Column + Fage&ddress Colufn Address (District 1)
CADto CATZ 'BAD P& 16 CADIo LA
(District 19 {Distriet 1)
RYiBY @
District 0 District 1
N 4 | N ]
/ /
| . | - |
\ Readif
| Y \,
Selected e ]
page 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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20.4.2. Multi Page Read with Data Cache
When the block address changes (increments) this sequenced has to be started from the beginning. The sequence

Parallel SLC NAND XT27Q04A

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 @
Fage Address Page Address
PAD to PATE PAD to PATB
(Page m0 ; District 0} (Page n0; District 1) R
. " ®
RYiBY
Cammand
input
e o @ Address input @ Address input @ Data output
Column + Page Address Column Address {Histrict'0)
CADto CA1Z, PAOto PATE CADto CA1Z
tOCESYR (Page m0; District 0) (District 0
. O ®
RY/BY
Carmmand
input
e @ Address input @ Address input @ Data output
Column + Pagé Atldress Column Address (District 1)
CAD to CA1Z2 FRPADO RATE CAQMo CATY
(Pagemi,; District 1) (D =trict |1)

. ®
RYiBY

e

Return to A
Comtrand Fepeat a max of 83 times
input
° 6 @ Address input @ Address input @ Data output I—@
Column + Page Address Column Address (District 0)
CAD to CAlZ 'BAOto PATE CADto CATZ
OCESYR (Page mB3 ; Districtd) (District 0)
_ @©OGA ©
B
Cammand
IMpuE
e @ Address input @ Address input @ Data output I—
Column + Page Address Column Address (District 1)
CAlto CA1Z, PAOto PATH CAD to CATZ
(Fage nB3 ; District 1) (Distnct 1)

RY/BY @

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.
* The allocation rule is follows.
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District O: 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 PA5) 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 performied

L
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20.5. 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.)

CLE-/_\ . /_\ /_\
“\A1110AMA0LA

RE
it
RY/BY
vo —eonH )} XXX Hempom)on)
N v . — J
Col. M Page P Data
Data input
e data is transferred the Data Cacl'Eia
ge Buffer to the the nsing edge of WE
Program Read& verificati foll input of the “ “After programming, the
Salected o/ programmed data i to the Page Buffer to be
i 7 i z . If the programming does not

operation is repeated by the device
until the maximum locp number set in
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20.6. 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

XT27Q04A

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 OO e ersorm=EoH X OHemE)on)
;(_, . A \ o

DO @

T Nl
Col. M Page N Col. M Busy
Cal. M Col. M

Data input  *T — — |
L

| s |

| i
Program|, | Reading & verification
Selected e
page

20.7. 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 andidatalinput is showngbelow. (Refef to the detailed timing chart.)
Although two planes are programmed simultaneously, pass/fail is nat available for each page by "70h" command
when the program operation completes. Status bit of 1/0 1 issset'te “1"ywhen any of the pages fails. Limitation in
addressing with Multi Page Program isishown below.

{DCBS YW1 PROG.
RY(BY ) ! X ]
[fO1-8 I\_@J (Address @Data Inpu_t/] (E} — 81h_/_| -'\Address & Data InpuE- l\_@:} \ 70h ::I Fass
CABSCAIZ © - Valid }.__ND‘E_,| CAI~CA1Z - valid

A~ Pas SWalid' PAD~PAE - Walid
PAE - Districtd' Pag : District
PAT~FAIE o valid' PAS~PATE  : Walid

NOTE, Any command between 11h and 8Wpis prohibited except 70h and FFh.

r:hauh\,. Q']h} Csﬂ{\. .,/mhj
Data I'/ = > | T r\h |
Input '
Plane 0 Plane 1
(1024'Blo ck) (1024 Block)
BlockD Block 1 |
Block 2 Block 3 |
Block 2044 Elock 2045
Elock 2045 Elock 2047

L
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20.8. 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.

CLEﬂ .' ZM J_\ 53/_\ /_\
VLA, AL AALIALL AA L L AR BB

L
RY}’W 1l 1M ]
tocesyw2 teroOG (NOTE)

--5EEEE06R 19857~ PRIEBEERG 60

| /]
Page N @ @ Status Output Page N+1 @ @ Status Output Page N+P @ Status Output
Data Cache |Data for Page N I ( ; 2 |Da:a for Page N 4 / Olam for Page N+ F| I

Page Buffer | Data for Page N Iﬁ:rf‘maage N1

|
In’ O | 1 LY i
CellAmay ~ PageNpzzzzzzzzy  plzgggggzggy 0 fgggigzeed |1 _____
e+ r{;‘y/ : Page N +P

Issuing the 15h command to the device after serial data input initiates the program operationwith’Data Cache

1. Data for Page N is input to Data Cache.

2. Datais transferred to the Page Buffer by the 15h command.‘During the transferthe Ready/Busy outputs Busy State (tDCBSYW2).

3. Datais programmed to the selected page while thedata 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 thef5h,command ntil the Data‘Cache becomes empty. The duration of this period depends on timing
between the internal programming of page’N and serial datasinput forPage ™ + 1 (tDCBSYW2).

5. Datafor Page N + P is input to the Data'Cache while the data ofithe Page'N + P - 1 is being programmed.

6. The programming withyData Cache is terminated by the 10h command. When the device becomes Ready, it shows that the internal
programming of the"®Page Ni+ P is completed.

NOTE: Since the last pdge 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)

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

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

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

. Status on |I/O1: Page Buffer Ready/Busy is Ready State.

The Page Buffer Ready/Busy is output on I/06 by Status Read operation or RY / BY# pin after the 10h command
. Status on I/02: Data Cache Read/Busy is Ready State.

The Data Cache Ready/Busy is output on 1/0O7 by Status Read operation or RY / BY# pin after the 15h command.
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Example) —________
1102 => Invalid Pagel ! Page 1 1 Page N -2 invalid Page N-1
1101 => Invalid Invalid 1 Page 2 : Invalid invalid Page N
T T
1 g U i 1 1
Stat Status Status ™ 1 _ Status 3 Sta
DA O DO, O Ba DD I CEP OO,
l
Page 1 Page 2 ! i PageN-1 Page N
[
J— L 4=
RY/BY pin L L ! ! | |
1 1
Data Cache Busy < © ' , © ©
1
—> i I
Page 1 <> '
Page Buffer Busy a9 | !
Page2 | H 4
| | Page N-1
| | Poge
[ 1
AY s

If the Page Buffer Busy returns to Ready before the next 80h command input, and if Status Read is done
this Ready period, the Status Read provides pass/fail for Page 2 on /01 and pass/fail result for P nl/
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20.9. 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

Parallel SLC NAND XT27Q04A

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.)

Data input Data input
Durmrry cumrqand Pragram with Curmirmey ; ':Dmlm_and Auto Page
Data input Prograrm for mult-page gt cache  Data input Program or rult-page Program
cammand command  Program cormand  command cormmand oA cormmanc
@ I‘—v—)l‘ﬂ'—‘. ;\'—";v—) I‘—y—""—y—’ "—Y—'“‘ﬁ'—)
Address  Data input Address Data input Address  Data input Address  Data input
input  0to 4351 input 0 to 4351 input  0to 4357 input 0104351
(District 0) (District 1) (District 0) (District)

RV \/ \/ \/ v/

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 District 1

| — 1 Ve
Frogram !’ ﬂReading&venficatiDrf \

N |
Selected
page \ /f

T .

The data is transferred (programmed) from the page buffer to the selected
page on the rising edge’ of JWE following input of the™15h* or “10h”
command. After pregramming, the programmed data is transferred back to
the registemtoybe automatically verified by the device. If the programming

does notisucceed, the Program/Verify operatioh is repeated by the device
until success_is achieved or until thé’maximum-léop,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

B4th

i

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

Fass
10 0rl5 @ 0

Status Read F il
cormmand
RY/EY \ /
The 71h command Status description is as below.
STATUS CUTPUT
] y ] I/01 describes Pass/Fail condition of

o) Chip Status! - RassiEail Fass 0 Fail: 1
district 0 and 1(OR data of /02 and 1/03).

a2 Oistrict 0 Chip StatusTy, FassiFail | Pass 10 Fail: 1 If one of the districts fails during multi

Hok] Oistrict™h ChipStatus] - PassiFaill - |Faz="0 Fail: 1 page program operation, it shows “Fail”.

1104 Distrietd, Chilp. Status2 : PassiFail |Pass: 0 Fail: 1 /02 to 5 shows the Pass/Fail condition of
each district. For details on “Chip Status1”

05 Distrct 1 @hip Status? | PassiFaill [Passi 0 Fail 1 ) )
and “Chip Status2”, refer to section

Hlels] Feady/Busg Feady: 1 Busy: 0 “Status Read”.

Hex Data Cache ReadwBusy Feady: 1 Busy: 0

/08 Vifite, Protect Protect: D Mot Protect: 1

e
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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.
e The device consists from 2 Districts.

e Each District consists from 1024 erase blocks.

e 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 betweenthe selected blocks from.€ach District.

Operating restriction during the Multi Page Program withiData, Cache operation

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

Once the operation s started, no commands other than the/commands shown in the timing diagram is allowed

to be input'exceptfor'Status Read command,and reset command.
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20.10. 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.

Parallel SLC NAND XT27Q04A

Command @ @
input
@ Address input @ @ Address input |—| Data input o @ Address input @ e
Address \ Col =0 start Address Whe : Address Col =0 start
\ n changing data,
CADto CA11, PAD to PATE | CAD to CAT1, PADto PATE oy deisinput | CAOto CAT1, PAD to PATE |

\I [tocBsYw2 tbcesvr2

RY/BY

(Page N) (Page M) (Page N+P1)
o JO JACTG
\Je

@ Data for Page N ( ;? DatarorPa?e N @ Data for Page M @ ( ; ) Data for Page NP1
Data CaChB % %

Page Buffer ——1 ——1 ———1
Cell Array
= = Page M
Z Page N + P4

Page N

Page Copy (2) operation is as following.

1. Datafor Page N is transferred to the Data Cache.

2.  Data for 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 outpydt from the'Data Cache while the‘data of Page M is being programmed.

Command ®
input
Address cha i data \ Address Col =0 start Address \ Col = 0 start
CAD to CA11, PAQ ta PA16 mgedda.‘ﬂshwl‘_ | CAD to CA'1, PADo PAIE CAOto CAT1, PADto PA16 |

(Page M+RTY} ® (Page N+P2) (Page N+Pn) @
x @ v/ v @

RY/BY

tocesywz tocssvr2 tocesYR2

@ Data for Page M + Pn

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

Page Buffer 1

( .....
Cell Array Page M + R1 EESRSSNCRRRON
Page M DDA

Page N + P2 FFrrrrrrii i
Page N+P1 e

A ST SSAS

TSI TL IS IISLTS
VLS LLLHLLES

6.  Copy Page address (M + R1) is input and if the data needs to be changed, changed data is input.
7.  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.

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.

e ——
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Command
input
Address input |—| Data input

Address
CAD to CAT1, PAD to PA16
({Page M+Rn)

- O
RY/BY O \ ,‘ teroe (*1)

@ Data for Page M + Rn @ Diata for Page M+ Rn
Data Cache .—— <|:|
Page Buffer L1 I
ey |
Page M+Rn -1 %

AAOANNNNNINNNNN
Cell Array '\-.\\.x'\-.\\.'\-. S
FFFIFTFTT FFFFIFFTT

s %
e

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 heréwill be expected as the following,

tPROG = tPROG of the last page + tPROG of the previous page - ( command inputcycle + address input€ycle + 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 néedsto bealtered.
If the data has to be changed, locate the desiréd 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, dataiinput 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 eperation is terminated with 8Ch-18h command sequence

20.11. Multi Page Copy (2)
By using MultiPage Copy (2), data in two pages can be copied to other pages after the data has been read out.
When,each block address changes (inereménts) this sequence has to be started from the beginning.
Same/page address (PAO to PAS5) within two districts has to be selected.
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Command
input

@ Address input @ Address input @ @ Address input @ Address input @ Data outgut e

Address Address Address Address
PAD to PATG PAD 10 PA 1R \ CADto CAT2, PAD ta PATE CADtD CAT2
(Page mi ; District 0) (Page n0; District 1) | (Page mi) (Col=0)

/

RYIBY \i/ tr

e @ Address input @ Address input @ Data outgut @ Address mputH Data input |—®

Address Address
CADto CA12, PAD to PATE CAQ to CA12
(Page n0) (Col =0y

®

®

Address \
CADto CA1Z, PAOto PATE )
(Page MO ; District 0) ’

RYIBY @

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

O,

\J | tocesve

©

Address Address Address
CADto CA12, PAD ta PA1E | PAD to PA1B PAD to PATE \
(Page MO, District 1) / (Page m1 ; District 0) {Page n1 ; District 1) /
RYET @

\j | tocasvwe

o @ Address input @ Address input @ Data outgut @ Address input @ Address input @ Diata output

Address Address
CADto CA12, PAD to PATE CAQ to CA12
(Page m1) (Col =D}

©

\‘j [ 1DCBSYRZ

Address Address
CADto CA12, PAD to PA1B CAlto CAR2
(Page n1)

RY/BY @

{Col =) @

Address input H Diata input Atldress input H Diata input }—@———— ___________________ @

Address \
CADto CA12 PADtD PATEB ‘

(Page M1 Digtrict 0) | (Page W

Address
CADta.BA12, PAD to PATE |
- District 1) |

- ® |
By / tocEsyll

\J [ IS

e m Address input @ Address input @ @ Address inpub @ Address input @ e
Address Address Addrgss Address

PADGPA1G ‘|
(Page n&3 “District 1) ’I

PAD to PA1E
(Page mB3 ; District 0)

Ca0 ta GAdZ, PAD to PATE

CADto CA12Z
(Fage mB3) (Col =0)

/
RYiEY @ \i/ OGBS YRZ

e @ Address input @ Address input @ @ AddressmputH Datainput'—@ @

Atbldress Address
CADto CATZ, PAD to'PATE CAD to SA12
(Page n@3) Col=0)

Address \
CADto CA1Z, PADto PA1G ]
(Page MG3 ; District 0) ’

RYiEY ®

Address input H Data input
\
(Page MG3 : Digtfict 1) |

Address \
w © vy
RTBY tPROG (1)

|
CAOto CAT2, PAD ta®ATE |

(*1) tpROG: Since the last page programmingky 10h cormmand is initiated after the previous cache

program, the tPROG* during cache programming is given by the following eguation.

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, tprog of the last page is tprog max.

Rev 0.2

Apr 24,2023

/
\/_/ DCBSYW @

MNote)
This operation needs ta 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 column and page address input after
the 8Ch comrmand, and change only the data that needs be changed

If the data does not have ta be changed, data input cycles are not reguired

Make sure WP is held to High level when Multi Page Copy (2) operation is performed
Alzo make sure the Multi Page Copy operation is terminated with 8Ch-10h command sequence
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20.12. 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.

Pz
Block Address  EFrace Stant Status Read \lgil
input: 3 cycles command command
RY/BY \ Busy /

20.13. 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 menitored by checking the
status by 71h status read command. For details on 71h status read command, refer to séction “Multi‘Page Program
with Data Cache”.

Py s Fass
E——CD—CD =T
Fail

Block Address Block Address EraseiStart StatUSzead
input 3 cycles input; 3 cycles LBRAMANE camang
Ciistrict 0 District 1

RY /BY \ By /

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 eonsistsifrom 2 Districts.
* Each Districts€onsists from 1024 erase blocks:
* The allocation‘rule is follows.
District©: Block 0, Block'2, Block 4, Block 6,:::, Block 2046
District 1: Block 1, Blocks3,: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.
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For example, following operation is accepted;
(60) [District 1] (60) [District 0] (D0)

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.

20.14. 1D Read
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:

=\ [F
LW A

RE A TN

treA)|
/ \ / \ \ [ oen ) [ seen) [, seadl [see\
o \ 90h / \ 0oh / . / \ DCh / \téble 5 \tabie 5/ \table 5f
ID Read Address 00 Maker code  Device code 3rdData 4th Data 5th Data

command

e ——
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Table 4. Code table
Description 1/08 | 1/07 | 1/O6 | 1/O5 | 1/04 | 1/O3 | 1I/O2 | I/O1 Hex Data
1st Data Maker Code 1 0 0 1 1 0 0 0 98h
2nd Data Device Code 1 0 1 0 1 1 0 0 ACh
3rd Data Chip Number, Cell Type 1 0 0 1 0 0 0 0 90h
4th Data Page Size, Block Size, I/0 Width 0 0 1 0 0 1 1 0 26h
5th Data Plane Number 0 1 1 1 0 1 1 0 76h
3rd Data
Description 1/08 | 1/07 | 1/06 | I/O5 | 1/04 | 1/03\| 1/O2,] I/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)levelcell 1 1
Reserved 1 0 0 1
4th Data
Description 1/08 | 1/07 | 1/O6 | 1/O5 | 1/04 | 1/O3 | 1/O2 | I/O1
1KkB 0 0
Page Size 2 KB 0 1
4KB 1 0
(without'redundant area)
8 KB 1 1
64 KB 0 0
Block Size
128 KB 0 1
256 KB 1 0
(without redundant area)
512 KB 1 1
0
1/0 Width x8 x16
1
Reserved 0 0 1

e
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5th Data
Description 1/08 | 1/07 | I/O6 | 1/O5 | 1/O4 | 1/03 | 1/02 | 1/O1
1 Plane 0 0
2 Plane 0 1
Plane Number
4 Plane 1 0
8 Plane 1 1
Reserved 0 1 1 1 1 0
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20.15. 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 1/O 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

— Page Program : Read
Definition Block Erase : Cache Program Cache Read
1101 Chip Status , Pass/Fail Pass/Fail Invalid
Pass: 0 Fail: 1

102 gg;‘;?;amsz i Invalid Pass/Fail Invalid
1103 Not Used 0 0 0
1104  Not Used 0 ‘0 i)
1/05 Not Used 0 0 0

EPage Buffer Ready/Busy
1106 éReady: ] Busy 0 éReadeusy EReadeusy éReadnyusy

iData Cache Ready/Busy y i
o7 ‘Ready: 1 Busy 0 :Readnyusy :ReadyIBusy :Readnyusy

. Write Protect [, @ . inp e
1108 ‘Not Protected 1 Protecled: 0 :Wnte Protect :Wnte Protect :Wnte Protect

The Pass/Fail status on 1/01 and I/02is,only valid during a Pregram/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
currentfage pregram operation, and therefore this bit is only valid when I/06 shows the Ready state.
Chip Status 2:
Thisibit shows the pass/failtresult of the previous page program operation during Auto Page Programming with
Data Cache. This statls.is validiwhen 1/07 shows the Ready State.
The status outpution thell/O6 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.
ﬁu’ C_E2L ESL ENJ) C_EN_1rL
CLE
ALE Device Device Device Device Device
WE 1 —— 2 — 3 N 4 N+ 1
RE — —q —0 —q

© :J‘:g; F’f/fff/////////f/’/////f‘/‘/’ff/////i//fff/////f/fff///////f/f/////fx’fﬁ/’f////f,ﬂ
RY/BY * .

RY/BY \ Busy
CLE / \

/
=Y \ /7 ) [

\J
Vo @ \/_\,-—

{ 70h }

A

Status on Device 1 Status on Device N

System Design Note: If the RY / BY# pinysignals from multipleidévices are wired together as shown in the diagram,
the Status Read function can beusedto determine the status of each individual device.

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

Reset ddring a Cache Program/Page €opy may not just stop the most recent page program but it may also stop
the pfevious program to a page depending on when the FF reset is input.
Thefesponse to a “FFh”,Reset cemmand input during the various device operations is as follows:
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When a Reset (FFh) command is input during programming

TR e T
CO—C> G >
Internal Vpp /
RY/BY \
treT (max 10 ps)
When a Reset (FFh) command is input during erasing
TR CeE )
D, G C e
Internal erase
voltage /
RY/BY \

trRsT (max 500 ps)

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

RY/BY \

ther (maw 5 nal

When a Reset (FFh) command.is inputiduring Ready

CR Cod—

RY/BY \

fRST (Max 5 us)

When a Status Read command (70h) is input after a Reset

T /O status: Pass/Fail — Pass

CEE D)
N
_ - Ready/Busy — Read
RY /BY —\—/ Y Y Y

When two or more Reset commands are input in succession

(1) (2) (3)
Y Y
(N i G

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

21.1. Latch Timing Diagram for Command/Address/Data

Setup Time Hold Time

/

Vorv

21.2. Command Input Cycle Timing Diagram \;

S

%”///////////////////

IJW

Vi or VL

\

e ——
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21.3. Address Input Cycle Timing Diagram

toLs tCLH

fcH  tesg e L ICH

[l
|
[
|
[
|
|

tos | toH ios | toH Ins | IDH Clps | tDH

21.4. Data Input Cycle Timing Diagram A
- toLH

S fchn
b t&LH
ALE ﬂ.%% 4 .‘; V/ é%
twp WH twp twp
\ /_"”J /
AN
tDs | toH tos | toH tos | toH

=
% D0 Din Dind351 7 M
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21.5. Serial Read Cycle Timing Diagram

fre
=7k 4k f
trp tReH trp J trp lenz

_ —
S U U sam s Wl e

tREA trHon| |IREA tRHop REA tRHOH

tcea tcea
1o i
trr

RY/BY ,[ i
- VIH DI'V"_

21.6. Status Read Cycle Timing Diagram

CLE
toLs tcLH k

) VW
cE e )\ 77777
e g O

WE \\ ) twHc crz

—

BE /
RE . \__/ _——
ips iR
trea tRHZ
ﬁ ’ )
RV_&A=
# 7

Status
ts the hexadecimal number

=%

output

Vg or VL

e ——
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21.7. Read Cycle Timing Diagram

tcLR
7
vl
tcls  toH tcLs  toLH
tcs  |tcH tog toH
L — L —
by
Y ‘L i v U U\
talH tals talH tas
ALE ?L J(
IR RC
= (L0
105 IDH IDS|IDH [DS|(DH IDS|IDH IDS|IDH  tDS|tDH tDS|toH trpg? | CEA

Ea
ca0 VA cae VW PaD BN Pas VA PATE P (REAID ST\ fBouT
o oon to 7 %tmz%m? %tms% )//f‘g’ 3th AT

- ~ - Data out from
Col. Add. M Cal Add. N

RY/BY

21.8. Read Cycle Timing Diagram: When Interrupted by /CE

i
tcls  toLH tCLs  tCLH | ]

tcs tcH teH

LA AR 'me \|I
O R

tCsh

TALH AL TALH tALs
ALE )L J(
R
RE t/E
| tpz|ipH gt tDS|iDH DS |iDH D |tDH
| CAB PAD PaB PN PAIE 0h
to 12 o7 to 15
Col. Add. N Cal. Add. N
RY/BY 1 f
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21.9. Read Cycle with Data Cache Timing Diagram (1/2)
1
toLR ! toLR
1
cLe { b { | L
" CLH teLH teLH [ teLH)
CLS pesl |fcLs e leLs s JLLS e
ZLieH Slen e Sk
tcg | les tcg s
& I 2\ |
e !
| 1
YUY - "\
(TALH }ALS talH tas Ry 1CEA E 1CEA
1
1
ALE !
R DCBSYRI e | tDCBSYR1
B 1
_ Ay t \
- = [ = Y UUVT L
25l | LBRL Jimen
1p
31h ! DOUUT
7 1
Column address Page address : F4ge address
I h i+
_ ¥ [ v
RY/BY 1 4 1 Cal Add. 0 j T I Col Add 0
|
1
1

*  The column address will be reset to 0 by the 31h command input.

Continues o, of next page
Read Cycle with Data Cache Timing Diagram(2/2)
tcLRr fcLR
CLE r
1 toLH E | tCLHR
s tors e
[ — — tc — fe
1tcs tcs
=_/ Y. N\ ) 4 A b A
. .
1
1
1 .
T 1]
Y \et f
! ] iCEA Jicea {CEA
1
1
ALE :
T 3 t
: | IDCEEYRI JRe BEBSYRY RC | IDcBsYR1 tRC
_ M : ) )
o 4L S I W = U \ - . S
1
tpsltoH tpstoH
i trRl L tRea . tRR |l trea tRR Ll tREA
1 ¢ ¢
1£ ] D )
ODU O1UT Dour 31h ODU OWUT C Dour 3Fh ODU C%UT ,
I Page address ™’
: Page address b + 1 QM 42 Page address M+ x
«
T I l i o l 4
_ | 1 ]
Ry /BY 1 ‘ \_l‘ Col Add. 0
: Caol Addy0 Col Add. O
1
1

Make sure to terminate the operation with 3Fh command.

Continues frorm . of previous page
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21.10. Column Address Change in Read Cycle Timing Diagram (1/2)
ICLR
fios ol |
CLE - 1
tcLs folH |fcus o :
tcs [teH tcs  |te . :
1
= 1A A A A A K A LD
t\NC 1
_ tCEA .
VE i
v U U YUYy |
LALH_ tALS taLH  tals H
1
ALE :
ji=} Re :
I
p— t\fVB 1 i
" - Jx / V
s\t ston sibon s|tod s|iod Dsitod tos|tod BRR| | tpEs :
) 1
1
CAD CAB Fa0 PAS PA1B o ou D
Vo ath 107 N 1270 o 7 A\ 15 3o A Nast «
1
Page address Page address
P P
RY (BY \ l 1
L/ !
Colummaddress :
i
!
Cantinues to Dfnex‘[ page
Column Address Change in Read Cycle Timing Diagram (2/2)
: LR
1
CLE 1
: 4tCLS tCLHF | 1CLE o1 H)
! }
: s fcH tog IcH
Y dl) VAN b Db
i LR Hwy By | toEA
=l
= ]” \ [ A \_]
i -
: talH tars LalH . TALS
:
ALE :
1
1 WHR | |tRC
: Colurn address Page address
1 B P
RY/BY i J'
: Column address
1 B
1
1
i
Continues from n of previous page
Apr 24,2023 Rev 0.2 Page 45



X3

Parallel SLC NAND XT27Q04A
21.11. Data Output Timing Diagram
CLE I i
tcis | toH
tcs tcH
=7 7 |k
tALH
ALE
irp Ren | tRP tRp tRHZ
= 1 I S S
‘tCEA > R L2 tps | toH
. treEA . e ;RLOH « | 1RLOH
1o [ Dout Dout %/ Dout ommanid
i tRHOH tRHOH

RY IBY
]

21.12. Auto-Program Operation Timing Diagram

cL J fcLs tCLH_EtCLS e / ‘%//% | I

Lcs L los (@
= b o b
_y{ ’J‘, { /@J\
fcH
» < . .
_ T b
WE L o [ \, f \ i
tal H tapH %
fe—= ¢
tars taLs tPROG
> B
ALE l

Column address
i

Ry /BY

Do not input data while data is being output.
% SVIH or L

*) M up to 4351 (byte input data for x8 device).
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21.13. Auto-Program Operation with Data Cache Timing Diagram (1/3)

<\ v
tALH tALH

tars

ALE

RE
Ipg
5[ toH  togtoH toH

tn
3 O & N,

R BT

Din4351

Do not input data while data is being output

WiH B

CADto CA12 s 0inthis diagram

Continues ta |I| af Nextnage

Auto-Program Operation with Data Cache Timing Diagramu(2/3)

oL

CLE
tELS [CLH
teg e
T\ |
=\
|t
i
WE
U CATAVAVAT =N
<
tas taLs
< > >
ALE
T )
_ ’J
RE
tDS.H ( _ing
0% oy tos|ton _Jon tDH
Iie] CAD Y CABN PADTY PAS \/FPA1G Diryf s cal
B0h 07 A2 12\ 107 Ao 18 W Ao A 18h 80h R 7
D351
2T
RY/BY /
D T e e e e -
Repeat a max of B2 times (in order to program pages 1to 62 of a block)
Continues fram of previous page Continues to E] af next page

Do not input data while data is being output

WiH or V)
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Auto-Program Operation with Data Cache Timing Diagram (3/3)

foLs

ALE

110

DinA3s1

l‘;‘]
R iBY YW f
Do not input data while data is being output.

V74 v o v

I_ﬁ
(*1) tproG: Since the last page\prograrmming by 10h@@ammanehis initiatesl after the previous cache
Caontinues fram of previous page  program, the ARG during cache programming s given Bipthe following equation

tPRAG = tppae of the last page + tppoc ofdhe previouspage < A
A = (command input cycle + address inpuficgcle + data input cycle time of the last page)

If "Afexceeds the tpr o of previous page, tprocef the'last page istppoc max.

(Note) Make sure to terminate the operationiwith“80h-10h- command seglience. If’ the operation is terminated by 80h-15h command
sequence, monitor 1/0 6 (Ready / Busy) byissuing Status Read command (70h) and make sure the previous page program operation is

completed. If the page program opérationiis completed issue FFh resetysbefore next operation.

e
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21.14. Multi-Page Program Operation with Data Cache Timing Diagram (1/4)

toLs
CLE / 1
£ /|teLs toeH (¢ ,
tcs [{of:] ¢
D U b

]

T ¢
AL tALH s
tag taLs toeesYw
ALE] %
( ,
{0
_ h§
RE
tog D5
—¢
toH
CAl
o 11h Bth {55
Page Address M \
Diistrict-0 DS
L0
J— L
RY BT

: Do not input data while data is being output

Continues ta aof next page

Multi-Page Program Operation with Data Cache Timing Diagram (2/4)

toLs ¢
CLE 3 1
TS ToLH ¢
tos tog («
o < >
e X b L D
"J
ofe]
N
WEN O\
AL+ i
>
taL s
e ¥ —
taLs
ALE
:’J J
RE
it
105 torge tos|ioH o
o o cAD EaBY Pal \PAB \/PATE Oy
to P A 12A t0 7 Ato1s N +
Page Address M
District-1
RY LBY
___________________________________________________________ >
Repeat a max of 63 times (in arder to program pages 0to 62 of a block).
Continues fram of previous page Continues to of next page

Do nat input data while data is being output

VI o VL
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Multi-Page Program Operation with Data Cache Timing Diagram (3/4)

£ /|teLs |t rJ

fcs fcs

tDCBS YW

ALE

[ie]

Page Address M+n

District-0 n} N4351

_ )T
Ry /By
Do not input data while data is being output.

Vg or VL

Continues from of previous page Continles tg of nexbpage

Multi-Page Program Operation with Data Cache Timing Diagram (4/4)

foLs
—
CLE b
o B} toLH
I
tes fcs
CE
_| AfcH
L tal VAl
TALE taLs

ALE

[fje]

Status
output

Page Address M+n \
Digtrict-1 Dipnd3s1

(
Do not input data while data is being output. !‘__

SVIH or V)L

R BY

I_i—l
Continues fram of previous page
[*1) tproc: Since the last page programming by 10h command is initiated after the previous cache

program, the tproe dunng cache programming 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 tprog of previous page, tproc of the last page istppog Max

(Note) Make sure to terminate the operation with 81h-10h- command sequence. If the operation is terminated by 81h-15h command
sequence, monitor 1/0 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.
e ————————
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21.15. Auto Block Erase Timing Diagram

toLH

=\

tal s (] IBERASE

e | V.
- 7 N

os|tioH
PAD PAS FA1G
G0h Dih
__ \ Busy
By /BY Autn Block Erase Start Status Read
Erase Setup cormmand  Me— command
command

V74 - vinorvi

d Do not input data while datayis being output

21.16. Multi Block Erase Timing Diagram

U S} PN BN\ L

1
I
1
1
1 fCLH i
1
1tcs ; |
g  OGX. p =
i |
1
H 1
N 1 1
WE 1 |
L 1
! thbs bl g tBERASE
1 I : I
I
T \ [
1
! 1
! I
_ ¥ T
RE | 1 \ /
1
1
I 1ps{ioH :
I < > 1
T %{ A0 * e Sio S Qs % Doh
: 1 Status
1 ! output
— T
R B _/ 1 Auto Block : Erase Start / Status Read
I'Erase Setup 1 command cammand
: cormmand

Repeat 2 times (District-0,1)

-§-----

CWIH ar YL

. Do not input data while data is being output

L
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21.17. ID Read Operation Timing Diagram

fie]

foLs
CLE
tols
| les _ fes JleH IcEA
=" 2!
H
CIEAND A
tals tALH
taH taR
ALE ?f Y
RE toH \ V
'8 IREA || tREA TREA tREA,
\ / \ \ A See \
90h 00h a8h DCh
Ny T\

|\Tah|e 5/

ID Read Address W aker code Device code 3rd Data
command oo

e ——
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22.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.

27 Vs £ \ 27V
25 v, N ;
= 1ms ;
Don't Y Dont Dont
VIH
I ViL ViL |_
wp — 1 ms max 1 ms mdx
100 ps max ey, Operation 100 ps max .
{6 :
Invalld ? Invalid Invalid
ﬁ /
Ready/Busy J_/"' /j

(2) Power-on Reset
The following sequence is necessary because'some input signals‘'may not,be stable at power-on.

Rower o @

Feset

(3) Prohibition of unspecified gemmands

The operation commands arejlisted in Table 2. Input“ef.@ command other than those specified in Table 2 is
prohibited. Stored data may. be‘eorrupted if andinknewn cemmand 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 LIl LI LI L]

-

Address input

RY /BY /

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.
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&G @®

Made specified by the command.

Programming cannot be executed.

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 \—* Dataffegister
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 @ @ E (Al E
A
A UERYP Y VS VAT a—" a—

RY/BY \ / | |
RE Address N Status Rea:d \—/ | | \—/_\—/_

~ —
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,
and the device returns to Read mode. In this case, data output starts automatically from address N and address
input is unnecessary
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(8) Auto programming failure
Fail
E——C D<@ ED——CD
Address Data Address Data
M input N input

If the programming result for page address M is Fail, do not try to program the
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

A\ _
M [z command, address and data is necessary.

(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 consist open drain circuit.

Vee
Ready | -
Voo

15 ns

10ns

5ns
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(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
) o)
PN 2 >

WP _/ :
RY/BY | | \

Lo
tyyw (100 ns MIN)

Disable Erasing

e
-
/

RY/BY

!

tyw (100

RY/BY

tww (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
ae [\ [
e\
WE [ A W A U A U A U A W R
ae / \
vo —wy—~ I IO G \/

Address input

RY/BY

Program operation

CLE / l||

ALE

e —
Page 57
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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 m

4th programming Al1s Data Pattern 4

Result Data Pattern 1 Data Pattem2 |  ---—-----mmm-mmmommomooomees Data Pattern

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

Pleaze do not pe an erase operation . It may be

impossible to erthe bad block info the Information is
erased.
7
'////////////////’////// ~ Bad Block Checkd i&dce has any bad block installation into the system.
- Referfot st flow for bad bleek i

ted test flow must k

st

®
- e \ N ]

erformance of good blocks because it is
zelect gates.

The number er the device lifetime 15 as follows:

®
\ MIN TYP. MAX UNIT
2003 — 2048 Block
lid blocks, bad'block mark is in whole pages.
e read one colum in each block. If the data of the column is 00(Hex), define the block as a

bad block.

e ——
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| Start )

Block No =1
Fail
Read Check
Pass -

Bad Block *1

Block Mo. = Block No. + 1

Last Block

=1: Mo erase operation 1z allowed to detected bad bloeks

(14) Failure phenomena for Program and Erase operations

The device may fail during:a Progtam or Erase operation.
The following possible failure'modes should be considefed when implementing a highly reliable system.

FAILURE MODE DETECTION AND COUNTERMEASURE SEQUENCE

Block Erase Failure Status Read after Efase - Block Replacement
Page Programming Failure Status Read after Program - Block Replacement
Read Bit\Error ECC Correction / Block Refresh

* ECC: Error Correction Code. 8 bitieerrection per 544 Bytes is necessary.

* Block Replacement

e
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Program
When an error happens in Block A, try to reprogram the
Buffer | data into another Block (Block B) by loading from an
memory Block A external buffer. Then, prevent further system accesses
[ oee to Block A ( by creating a bad block table or by using
J another appropriate scheme).
» 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 whenithe battery is
low. Power shortage and/or power failure before write/erase operation is complete will cause loss\af 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
544 bytes. For detailed reliability data, please refer to XTX’s reliability“note./Although random bit errors may occur
during use, it does not necessarily meanithat a block is badi Generally, @ block should be marked as bad when a
program status failure or erase statusifailure is detected. Thedother failure modes may be recovered by a block
erase.

ECC treatment for@ead'data isimandatory due to'the following Data Retention and Read Disturb failures.

* Write/Erase.Endutance

Write/Erase [endurance failures may occuriinyascell, page, or block, and are detected by doing a status read
after either an auto‘prégram or auto block erasefoperation. The cumulative bad block count will increase along with
the ndmber of write/erase cycles.

* DataRetention

The data in memery 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

Retention N\F‘
[Years] =

¥

Write/Eraze Endurance [Cycles]

* Read Disturb

A read operation may disturb the data in memory. The data may change due to charge gain. UsueWors
occur on other pages in the block, not the page being read. After a large number of read cycl e lock
erases), a tiny charge may build up and can cause a cell to be soft programmed to another st‘ ock erasure

and reprogramming, the block may become usable again. &
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