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Parallel SLC-NAND
Specification

2Gb (256M x 8), 3.3v, 8 bit ECC NAND flash
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General Description

The XT27G02A is a single 3.3v 2Gbit NAND Electrically Erasable and Programmable Read-Only Memory (NAND
E2PROM) organized as (2048 + 128) bytes x 64 pages x 2048 blocks. The device has two 2176-byte static registers
which allow program and read data to be transferred between the register and the memory cell array in 2176-byte
increments. The Erase operation is implemented in a single block unit (128 Kbytes + 8 Kbytes: 2176 bytes x 64

pages).

The XT27G02A 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.

Features

> Single Level per Cell (SLC) Technology
> ECCrequirement: 8bit/544Bytes
> Power Supply Voltage
Voltage range: 2.7V ~ 3.6V
» Organization
Page size: x8 (2048 + 128) bytes; 128- bytes spare area
Block size: x8 (128k + 8k) bytes
Plane size: 1024 Blocks per Plane
2008 block (min) ~2048 block (max)
> 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
»  Access time

Cell array to register: 25us (max)

Serial Read Cycle: 25 ns (min) (CL=50pF)
» Program/Erase time

Auto Page Program: 300 us /page (typ.)

Auto Block Erase: 3.5 ms/block( typ.)
> Reliability
10 Year Data retention (Typ)
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Part number description

XT27G 02A TS|
Vendor
XT : XTX
Product family
2.7 -3.6v Nand
Nand Density/Org
02A : 2Gb /x8; 8bit ECC is required
Packing type
A: Tray
Package type T: Tape & Reel
TS:TSOP48
Green code
G: Green/Reach package
Temperature range R: ROHs

I: Industrial (-40° Cto 85° C)
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Pin Assignments

TSOP48
NC T 1 ’ 48 [ 1 NC
NCT—] 2 47 [ NC
NC ] 3 46 [ 1 NC
NC L | 4 45 1 NC
NCT | 5 44 /07
NC L] 6 43 [ 11/06
R/B L] 7 42 [J1/05
RE L] 8 41 [ 11/04
CEC_ | 9 o 40 1 NC
NC [ | 10 48-p|n TSOP 39 | I NC
NC ] 11 38 L1 NC
vcc—1 12 37 —lvce
VssS —1 13 Standard Type 36 [ 1VSS
NC 1 14 35 1 NC
NC | 15 12mm x 20mm 34 Ne
CLE ] 16 33 1 NC
ALE | 17 32 [ 11/03
WE ] 18 31 [ 11/02
WP ] 19 30 [ 11/01
NC | 20 29 ——11/00
NC T 21 28 1 NC
NC | 22 27 1 NC
NC T 23 26 1 NC
NC L1 24 25 [T NC
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Package Dimension
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SEATING PLANE -~ /
DETAIL “A*
1
Lil— R
/_ b MILLMETER NCH
GAUGE PLANE A MIN. | NOM. | MAX. MIN, NOM. MAX,
PARALLEL 10 SEATNG PN |\ —f—L g = A 120 0.047
f M 0.05 0.15 | 0.002 0.006
L Az | 095 | 1.00 | 105 | 0037 | 0.039 | 0.041
D 20,00 BASIC 0.787 BASIC
DETAIL A D1 18.40 BASIC 0.724 BASIC
£ 12,00 BASIC 0.472 BASIC
b | 017 | 022 [ 027 [0.007 [ 0.009 ] o011
A\ A b1 | 047 | 020 | 025 |0.007 | 0008 | 0.009
, ¢ | 010 021 | 0.004 0.008
E— AN AT o0 0.16 | 0.004 0.006
‘ bl | e 0.50 BASIC 0.020 BASIC
WITH PLATING L 050 | 060 | 0.70 | 0.020 | 0.024 | 0.028
u 0.25 BASIC 0.010 BASIC
¢ R [ o008 035 | 0003 0.014
B\ B r |5 E (1] 5 | 5
BASE METAL JEDEC M0-142 (DD)

SECTION A-A.

NOTE : DIMENSIONS D1 AND E DO NOT INCLUDE MOLD PROTRUSIONS.
D1 AND E ARE MAXIMUM PLASTIC BODY SIZE DIMENSIONS INCLUDING MOLD MISMATCH.
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LogicDiagram

VCC  VCCaQ

CE# ——0 C:> 1/01~1/08
WE# ———(
RE# —Q O——RBs
ALE
CLE

WP ————(

V35§ VS50

e
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Pin Description
Pin Name Description

1/01-1/08 (x8) | Inputs/Outputs. The I/O pins are used for command input, address input, data input, and data
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 I/O inputs inside the Command

Register on the rising edge of Write Enable (WE#).
ALE Address Latch Enable. This input activates the latching of the I/O inputs inside the Address Register

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/0O 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.

vCC 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:

1. A 0.1 uF capacitor should be connected between the VCC Supply Voltage pin and the VSS Ground pin to decouple the current surges

from the power supply. The PCB track widths must be sufficient to carry the currents required during program and erase operations.
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Block Diagram
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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|(,— 2048 A page consists of 2176 bytes in which 2048 bytes are

used for main memory storage and 128 bytes are for

_____________

redundancy or for other uses.
1 page = 2176 bytes
1 block = 2176 bytes x 64 pages = (128K + 8K) bytes
Capacity = 2176 bytes x Gdpages x 2048 blocks

Page Buﬁerl,."'2048

} 64 Pages—1 block

131072
pages
2048 blocks |

v
\ l: lle]
2176
An address 1s read in via the I/O port over five
consecutive clock cycles. as shown in Table 1.
Addressing

1/08 1107 1/06 1/05 /04 /03 1102 /01

First cycle CA7 CA6 CA5 CA4 CA3 CA2 CAl CAO0

Second cycle L L L L CAll CA10 CA9 CA8

Third cycle PA7 PA6 PAS PA4 PA3 PA2 PAl PAO

Fourth cycle PA15 PAl4 PA13 PA12 PA1l PA10 PA9 PA8

Fifth cycle L L L L L L L PA16

CAO to CA11: Column address
PAO to PA16: Page address
PAG6 to PA16: Block address
{ PAO to PA5: NAND address in block }

e
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Parallel SLC-NAND XT27G02A
Absolute Maximum Ratings
SYMBOL RATING VALUE UNIT
Vce Power Supply Voltage -0.6t0 4.6 v
VIN Input Voltage -0.6t04.6 Vv
Viio Input /Output Voltage -0.6t0Vec + 0.3(<4.6V) Y,
Pp Power Dissipation 0.3 w
TsSoOLDER Soldering Temperature (10 s) 260 °C
TstG Storage Temperature -551t0 150 °C
TopPr Operating Temperature -40 to 85 °C
Capacitance *(Ta = 25°C, f=1 MHz)
SYMBOL PARAMETER CONDITION MIN MAX UNIT
CiN Input VIN=0V — 10 pF
Cout Output Vour =0V — 10 pF
* This parameter is periodically sampled and is not tested for every device.
Valid Blocks
SYMBOL PARAMETER MIN TYP. MAX UNIT
Ny 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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Recommended DC Operating Conditions

SYMBOL PARAMETER MIN TYP. MAX UNIT
Vce Power Supply Voltage 2.7 — 3.6 Y,
ViH High Level input Voltage Vce x 0.8 — Vcec + 0.3 Y,
ViL Low Level Input Voltage -0.3* — Vee x 0.2 \Y

* -2V (pulse width lower than 20 ns)

DC Characteristics (Ta = -40 to 85°C, VCC = 2.7 to 3.6V )

SYMBOL PARAMETER CONDITION MIN TYP. MAX UNIT
I Input Leakage Current ViIN=0VtoVcc — — +10 A
ILo Output Leakage Current Vout =0VtoVcc — — +10 pA
Icco1 Serial Read Current CE# = V|L, louT = 0 mA, tcycle = 25 — — 30 mA
Iccoz Programming Current — — — 30 mA
Iccos Erasing Current — — _ 30 mA
Iccs Standby Current CE# = Vcc-0.2 V, WP# = 0 VIVce — — 50 LA
VoH High Level Output Voltage loH = -0.1 mA Vee - 0.2 _ _ v
VoL Low Level Output Voltage loL = 0.1 mA — — 0.2 v

| .

oL Output current of RY/BY pin VoL = 02V . 4 . oA

(RY/BY)

Nov, 11, 2019 Rev V0.5 Page 12
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Parallel SLC-NAND XT27G02A
AC CHARACTERISTICS AND RECOMMENDED OPERATING

(Ta=-40t0 85°C, VCC = 2.7t0 3.6V)

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

tbs Data Setup Time 12 — ns
tbH Data Hold Time 5 — ns
twe Write Cycle Time 25 — ns
twWH WE#  High Hold Time 10 — ns
tww WP# Highto WE# Low 100 — ns
{RR Readyto RE# Falling Edge 20 — ns
tRW Readyto WE# Falling Edge 20 — ns
tRP Read Pulse Width 12 — ns
tRC Read Cycle Time 25 — ns
{REA RE# Access Time — 20 ns
{CEA CE# Access Time — 25 ns
fcLr CLE Lowto RE# Low 10 — ns
tAR ALE Lowto RE# Low 10 — ns
tRHOH RE#  High to Output Hold Time 25 — ns
{RLOH 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
tcsp 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# Highto WE# Low 30 — ns
twHC WE# HightoCE# Low 30 — ns
tWHR WE# Highto RE# Low 60 — ns
R Memory Cell Array to Starting Address — 25 us
IDcBSYR1 Data Cache Busy in Read Cache (following 31h and 3Fh) — 25 us
{DCBSYR2 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.

Nov, 11,2019
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Parallel SLC-NAND XT27G02A
AC Test Conditions
CONDITION
PARAMETER
Vcc: 2.7 to 3.6V

Input level Vcc-0.2V,02V

Input pulse rise and fall time 3ns

Input comparison level Vcee/ 2

Output data comparison level Vee /2

Output load CL(50pF) + 1 TTL

Note: Busy to ready time depends on the pull-up resistor tied to the RY/BY# pin.
Programming and Erasing Characteristics
(Ta = -40 to 85°C, Vce = 2.7 to 3.6V)
SYMBOL PARAMETER MIN TYP. MAX UNIT NOTES

tPrROG Average Programming Time — 300 700 us

tbcBsYw1 Data Cache Busy Time in Write Cache (following 11h) — — 10 us

tbcBsYw?2 Data Cache Busy Time in Write Cache (following 15h) — — 700 us (2)

N Number of Partial Program Cycles in the Same Page — — 4 (2)

tBERASE Block Erasing Time — 35 10 ms

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

(2) tbCBSYW?2 depends on the timing between internal programming time and data in time.

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.

Page 14
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Mode Selection

The operation modes such as Program, Erase, Read and Reset are controlled by command operations shown in
Table 3. Address input, command input and data input/output are controlled by the CLE, ALE, /CE, /WE, /RE and
/WP signals as shown in Table 2.

Table 2. Logic Table

CLE ALE CE WE RE wp !

Command Input H L L o H -
Data Input L L L T4 H H
Address input L H L T H «
Serial Data Output L L L H < T «
Dunng Program (Busy) * * * * * H
During Erase (Busy) * = * * * H

* - H * * *
Dunng Read (Busy)

* * L H(*2) H (*2) *
Program, Erase Inhibit * * * * * L
Standby * * H * * 0ViVee

H: VIH, L: Vi, *: VIH or V|L

1. *1: Referto Application Note (10) toward the end of this document regarding the WP signal when Program or Erase Inhibit

2. *2:If CEis 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 3. 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 — °
Status Read for Multi-Page Program or Multi Block Erase 71 — °
Reset FF — °

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

8 7 6 5 4 3 2 1M

Table 4. Read mode operation states

CLE ALE CE WE RE I/01 to /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

Nov, 11, 2019 Rev V0.5 Page 16
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Device Operation

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.. Refer to the figures below for the sequence and

the block diagram (Refer to the detailed timing chart.).

CLEJ /_\
s \A A D DA DAL 7777 A B 2

eV VaVaVaVaVaW
/ L)

ALE
. / WAWAWA
RY/BY Column Address M Page Address N \ Busy / R

vo —oom}—<_ Ao H A K e M et )2 -~ -

Page Address N

Start-address input
A data transfer operation from the cell array to the Data

Data Cache | M_l_ = r:n Cache via Page Buffer starts on the rising edge of WE in the
[ 30h command input cycle (after the address information has
Page Buffer | :‘,' J been latched). The device will be in the Busy state during this
Select page__| - }y - - - transfer period. . ,
N I .t Cell array After the transfer period, the device returns to Ready state.
Serial data can be output synchronously with the RE clock

1/O1 to 8: m = 2175 from the start address designated in the address input cycle.

e ———
Page 17
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Random Column Address Change in Read Cycle

ae /\ [ [ [\
=\ AANAAA 72 A PADBANANEN

e

%

s

Col. M .
Start from Col. M Start from Col. M

Start-address input
Dwring the serial data output from the Data Cache, the column

T /"\M address can be changed by inputting a new column address
[ [ [ | using the 05h and EQh commands, The dala is read out in serial
I !* | starting at the new column address. Random Column Address
{ Change operation can be done multiple times within the same
page.

SEIM page—} et e i e it }

N e -t
T T

e ——
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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.

CLE_/_\ _ /_\ /_\ /_\ /_\
=\ AUA0ED 77 iA 2 hi 2 id A2

#

JVAVAVAVAVAVAVARRINY. \/ \

Col.M  PageN Columng Fage Address N Page Address N+ 1 Page Address N+ 2
Data Cache [ Jc——>PageN [ 1c——>PageN+1 1 c——">PageN+2
Page Buffer —— @ @ @ (FER=Z—] @
Cell Array Page N 1) PageN+1 7 7
@ Page N+ 2 7775 o
30h 31h & RE clock 31h & 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.

3. Data of 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 t he completion of serial data out.

Nov, 11, 2019 Rev V0.5 Page 19
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Multi Page Read Operation

The device has a Multi Page Read operation and Multi Page Read with Data Cache operation.

(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.

Command
input (3 eycle) (3 cycle)
Address input Address input —@ @
Page Address Page Address
PAD to PA16 PAD ta PATE
. (District 0) (District 1) =1
RY/BY \ ; @
Command
input (5 cycle) (2 cycle)
Address input Address input Data output
Column + Page Address Column Address (District 0)
CAOQ to CA11, PAD to PA16 CAQ to CAT
_ (District 0) (District 0)
Command
input (5 cycle)
Address input Address input Data output —
Column + Page Address Column Address (District 1)
CADto CAT1, PAD to PA1E CADto CAT
. (District 1) (District 1)
RY/BY @
District 0 District 1
b Y
L Wi
| S .
| Reading \'l
SE' ec t’E‘d f/f/f////f///{’///f/f/ )
page Selected
R T T,
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.

Nov, 11, 2019 Rev V0.5 Page 20
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(2) 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
G G Z ®
Page Address Page Address
PAOD to PA16 PAD to PA1E
__ (Page m0 ; District 0) (Page n0 ; District 1) R
RY/BY C @
Command
input
(Do) paess |- )—{atess | e )—]__ate oo
Column + Page Address Column Address {District 0)
CAD to CA11, PAD to PA16 CAD to CATI
_ DCESYR1 (Page m0 ; District Q) (District 0)
o O] ®
Command
input
® Coo{pases mpn |- o6 )—{atess o | (& )—]_psm oo ()
Column + Page Address Column Address (District 1)
CAO to CA11, PAD to PA16 CADto CAT1
_ (Page n0 ; District 1) (District 1)
0 ©
Return to A
Command Repeat a max of 63 times
input
(Do) {ramess mpu o )—{asess o |- >—__ows ot }—(0)
Column + Page Address Column Address (District 0)
CAD to CA11, PAD to PA1G CAD to CAT1
_ {DCESYR1 (Page m&3 ; District 0) (District 0)
o (D— ) ®
Command
input
® Coo{rasrssimpu] (o8 )| airess mp | (ET)—] oo oo |—
Column + Page Address Column Address (District 1)
CAD to CA11, PAD to PA16 CAOto CAN
(Page nG3 ; District 1) (District 1)

RY/BY @
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(3) 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.

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 performed
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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_/_\ . /_\ ﬂ
s\ A A4 A0 A BAAAA O 2\

0
RY/BY ¢ f
vo —(eon{ Y )X Hemom)on) o)
e < ~

>
Col. M Page P Data
Data input
The data is transferred (programmed) from the Data Cache via
the Page Buffer to the selected page on the rising edge of WE
Program | | Read& venfication following input of the *10h” command. After programming, the
Selected oS programmed data is transferred back to the Page Buffer to be
page 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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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 OO XA @

hd

Col. M Page N Col. M’ Busy
Col. M Col. NV
- ‘L - i
Datainput T h I |
!

| s |

| '

Program|, .| Reading & venfication
Selected s/
page

e
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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 bellow. (Refer to the detailed timing chart.)

Although two planes are programmed simultaneously, pass/fail is not available for each page when the program
operation completes. Status bit of I/O 0 is set to “1” when any of the pages fails. Limitation in addressing with Multi
Page Program is shown below.

Multi Page Program

tDCBS YW1 1PROG.

v L L]

WO0-7 ‘Address & Data Input @ ‘Address & Dats Pass
CAD-CAT :Vaiid be ol CAO-CA11
PAD-PAS - Vi PAD-PAS - Vaid _
PAB - District’ PAG - Districti Fail
PAT-PA16 - Vit PAT-PATS - Valid

NOTE: Any command between 11hand 81h iz prohibited except 70hand FFh.

{ 80h } 1ih &1ih 10h

Data | . [ I . ]
Input | — L -
Plane O Plane 1
(1024 Block) (1024 Block)
Block 0 Block 1
Block 2 Block 3
Block 2044 Block 2045
Block 2048 Block 2047
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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

“\ UL UL ﬂ A
=\AAAALAel A7 0 AAtLtLAd AZA0 A DAARAAAE. A7)
WWWW\/\M WV WWW\F\/ \/\ I

ALE i i {
i i « i

e ] \/ / \/ \[
I I{i i Iy
—_— ) 1] ] ]
RY/BY
tocasywe tocesyw? teroG (NOTE)
10 —{oefaalaoomlon Joo o —EH ekl e 'ﬂ el el
\ J ! s J
PageN @ @ Status Output PageN+1 @ @ Status Output F’age N+P @ @ Status Output
VN

Data Cache _ [Dalator Page ] 2]~ ] Data for Fage N+ | |£:r | (_\ﬂ o for Page N+ P [
N
Page Buffer | | |_Data for Page N | | =y | [CetorFage i = 1] ] > . |
LY

| ' \u/ )
ColAmay  PageN[ZZ j ‘@ I\

v

PageN+1 W
age N+ -

Page N +P

e
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Issuing the 15h command to the device after serial data input initiates the program operation with 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 transfer the Ready/Busy outputs Busy
State (tDCBSYW?2).

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 until 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.
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)

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 /06 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.

Page N-1
Page N

Example
102 == Invalid Page 1 ! Page 1 | Page N-2 invalid Page N- 1
o1 == Invalid Invalid 1 Page 2 : Invalid invalid Page N
T T
i) U I i il i)
@ ) D - B D -G Do) B o - ) B ED)

| 1

|
Page 1 Page 2 : : PageN-1 Page N
I
__ L .
RY/BY pin L L ! | L |
|
! 1
Data Cache Busy hog © \ ! © =3

! I

—> | |

e ; |

Page Buffer Busy Page 1 | I

P2 | i ——> -

| I
|

| I

| i

________

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 1/02
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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
change(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
Dummy  c0mmand  program with Dummy com:‘qand Auto Page
Data input Program for multi-page  pata cache Data input Program 0 MY i-page Program
command command  Program command  command command  Pregram command
Address Data input Address Data input Address Data input Address Data input
input 0t02175 input  0to 2175 input 0to2175 input 0to 2175
(District 0) (District 1) (District 0) (District1)

v \J \/ \/ \J/

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

L~ 1 | .
Program |’ \]Reading&veriﬁcalionf \I

Selected \ ’/, K )
page

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.

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.
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e
«u

63th

3%3

B4th

|

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

Status Read
command

RY/BY ﬁ /

The 71h command Status description is as below.

Pass
\ﬁail

STATUS OUTPUT
1101 Chip Status1 : Pass/Fail Pass: 0 Fail: 1 /01 describes Pass/Fail condition of
1102 District 0 Chip Status1 : Pass/Fail |Pass: 0 Fail: 1 district 0 and 1(OR data of /02 and 1/03).
If one of the districts fails during multi
1103 District 1 Chip Status1 : Pass/Fail |Pass: 0 Fail: 1 page program operation, it shows “Fail".
1104 District 0 Chip Status2 : Pass/Fail |Pass: 0 Fail: 1

1102 to 5 shows the Pass/Fail condition of
/05 District 1 Chip Status2 : Pass/Fail |Pass: 0 Fail: 1 each district. For details on “Chip Status1”
and “Chip Status2”, refer to section

1106 Ready/Busy Ready: 1 Busy: 0 “Status Read”
1107 Data Cache Ready/Busy Ready: 1 Busy: 0
1108 Write Protect Protect: 0 Not Protect: 1
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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.

* 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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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.

Command @ @
input
@ Address input @ @ Address input |—| Data input ° @ Address input @ o
Address \ Col =0 start Address Whe X Address Col = 0 start
\ n changing data.
CAO to CAN, PADto PA1E | CAD to CA11, PADto PAIE oo sateis input. | CADto CA11, PAD to PA1E |

(Page N) (Page M) (Page N+P1)
] O Jjo JAON
RY/BY \_/ tr \_/tDc BSYW2 \_/tDCBSYRQ

@ Data for Page M ( ;2 DataforPa?e N @ Data for Page M @ { ; ] Data for Page N + P1
Data CaChe % %

Page Buffer 1 1 1

Cell Array )
= = Page M =

r2 Page N + P1 r2

Page N

Page Copy (2) operation is as following.

1. Data for 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 output from the Data Cache while the data of Page M is being programmed.

Command @
input
Address input H Data input o @ Address input @ Data output 5 @ Address input @ Data output e
Address W . | Y Address Y Col =0 start Address \ Col = 0 start
en changing data, \ \ . \
CAD to CAT1, PAD to PATE ooy data is input CAOD to CA11, PAD to PA1G CAOQ to CAT1, PAD to PA1E \

(Page M+R1)

@ (Page N+P2) (Page N+Pn) @
w @ v/ vy ©)
RY/BY
tocesywz tocesvr2 tocesvR2

@ Data for Page M + R1 @ Data for Page M + R1 ° Data for Page M + P2 ® Data for Page M + Pn
S !— =]
Dﬂm CaChB %

[ ] [ eeeeeeeeeeee]

Page Buffer

AN
Cell Array Page M+ R1 FEECSaeTy
Page M OIS

Page N + P2 PPI777777 7777
Page N +P1 LS LSS

AL LLLELLS
LSS ALLELSES,
VAL AL LASS

AL AALEALAS

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.

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.

© ©o N o

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 PA1G
(Page M+Rn)

B
RY/BY (:) \ f teroe (1)

Status output]

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

1>

Page Buffer
E Page M + Rn [TTTTTTITITTITY
Page M +Rn -1 e W Y
Vi S
Cell Array OO, RO
oy oy o
TTTFTTT pF T T
Pl TSI LTI LTSS F TSI T SIS
> 7 7

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)

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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Multi Page Copy (2)
By using Multi Page Copy (2), datain two pages can be copied to another pages after the data has been read out.

Parallel SLC-NAND XT27G02A

When the each block address changes (increments) this sequenced has to be started from the beginning.
Same page address (PAO to PA5) within two districts has to be selected.

Command
input

@ —{pasmes @it ———O)

Address Address Address Address
PAD 10 PA1G PAO to PA1E CAOto CA11, PAO b PA16 CAO 1o CA11
(Page m0 ; District 0) (Page n0; District 1) | (Page ma) (Col=0)

@

RY/EY \ﬂtn
O—® @ @ G-l {osar |-
Address Address

®

Address
CAOto CA11, PAOtD PA1S CAQ o CAT1 CAQ to CAN1, PAD to PA16
(Page n0) {Col = 0} (Page MO ; District 0)

®

RY/BY @ tpces Ywi1
D@} o

©

Address Address Address
CAD to GA11, PAD to PA16 PAD to PA16G PAD to PA1E
(Page NO ; District 1) (Page m1 ; District 0) (Page n1 ; District 1)

©)

RY/BY @ \i/ tncasYwa \Cj/‘ f—

OGS T N € S LT S CD S ETET 8 G S ] H G ) & G ]
Address

Address Address Address
CAOto CA11, PAOTo PA1G CAD i CAT1 CAD to CA11, PAD to PA1G CAD to CA11

(Page m1) (Col = 0) (Page n1) (Col = 0)
RY/BY @ @

Acldress inputH Data input o @ N:IdressinputH Data input [=—{ 15 Jr—————— e - @

Address Address
CAD to CAT1, PAD to PA16 CAD to CA11, PAD to PA16

O (Page M1 District 0) ! (Page N1 ; District 1) |
v/ Ve ®
RY/BY toc 1 '/ IDCRSYW?2

@ —{premion]

Address Address Address
PAD 10 PA1E PAD to PA1G CAD to CAN1, PAD to PA1E CAD to CA11

(Page m&3; District 0) (Page n63 ; District 1) | (Page m&3) (Col = 0)
]

()
RY/BY @ t// tncesYR2 @

Address

O © © G- - [samo |-Ci ®
Address Address Address
CAOto CAN1, PADto PA1G CAD o CA11 CAD to CAN1, PAD to PA1G
(Page nB3) (Col = 0) (Page M&3 ; District 0)

RY/BY @ [A— @

Address input H Data input °
Address Note)
This operation needs to be executed within each District.

CAD to CA11, PAD to PA16
(Page N63 ; District 1)

|
_ @ .."I Data input is required only if previous data ocutput needs to be altered.
RYiBY \‘_/ PROG (*1) 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.
(*1) tproG: Since the last page programming by 10h command is initiated after the previous cache Ifthe data does not have to be changed, data input cycles are not required.

program, the tproe+ during cache programming is given by the following equation.
Make sure WP is held to High level when Multi Page Copy (2) operation is performed.
tproG =tpRoc of the last page + tproc of the previous page-A Alzo make sure the Multi Page Copy operation is terminated with 8Ch-10h command sequence
A = (command input cycle + address input cycle + data ouputfinput cycle time of the last page)
If "A” exceeds the tprog of previous page, tprog of the last page is tprog max.
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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.
Pass
———( D0 (7)) ®
Block Address  Erace Start Status Read Fail
input: 3 cycles command command
RY/BY \ Busy /

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”.

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

e
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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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ID Read
The device contains ID codes which can be used to identify the device type, the manufacturer, and features of the

Parallel SLC-NAND XT27G02A

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

CLE_/_\ —
=\_A B
W Waps

ALE
RE { Y U S WY A Y S W
tREA
/ \ / \ \ [ \ [ See \ [ See \ [ see \
Vo \ S0h f \ 00h [ 98h | | DAh | \table 5/ \table 5/ \table 5/
ID Read Address 00 Maker code Device code 3rd Data 4th Data 5th Data
command
Table 5. Code table
Description 1/08 /107 1/06 1/05 1104 /03 1102 /01 Hex Data
1st Data Maker Code 1 0 0 1 1 0 0 0 98h
2nd Data Device Code 1 1 0 1 1 0 1 0 DAh
3rd Data Chip Number, Cell Type 1 0 0 1 0 0 0 0 90h
Page Size, Block Size,
4th Data 1/O Width 0 0 0 1 0 1 0 1 15h
5th Data Plane Number 0 1 1 1 0 1 1 0 76h

e
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3rd Data
Description 1/108 1107 1106 1105 1104 1/103 1102 /101
1 0 0
Internal Chip Number 2 0 1
4 1 0
8 1 1
2 level cell 0 0
Cell Type 4 level cell 0 1
8 level cell 1 0
16 level cell 1 1
Reserved 1 0 0 1
4th Data
Description 1/08 1107 1106 1/05 /04 1103 1102 /01
Page Size 1KB 0 0
2 KB 0 1
(without redundant area) 4 KB 1 0
8 KB 1 1
Block Size 64 KB 0 0
128 KB 0
(without redundant area) 256 KB 1 0
512 KB 1 1
/0 Width x8 0
x16 1
Reserved 0 0 1
5th Data
Description 1/08 1107 1106 1/05 1104 1/03 1102 /01
1 Plane 0 0
Plane Number 2 Plane 0 1
4 Plane 1 0
8 Plane 1 1
Reserved 0 1 1 1 1 0

e
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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 6.

Table 6. Status output table

L Page Program : Read
Definition Block Erase : Cache Program Cache Read
101 Chip Status1 _ Pass/Fail Pass/Fail Invalid
Pass: 0 Fail: 1

1102 g2;1§éat“52 - Invalid Pass/Fail Invalid
1103 Not Used 0 0 0
104 " Not Used 0 ‘0 0
1105 Not Used 0 0 0

Page Buffer Ready/Busy
1106 'Ready: 1 Busy: 0 iRead\,n'Ei‘.usy iFEeady‘.;’Busy,f iReadyﬁBusy

iData Cache Ready/Busy
I1o7 ‘Ready: 1 Busy: 0 :Readnyusy :ReadyIBusy :Readnyusy

. Write Protect | . | I |inp s
1108 Not Protected 1 Protected: 0 :Wnte Protect :Wnte Protect :Wnte Protect

The Pass/Fail status on 1/01 and I/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 I/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.

E1(L C_E2Jj ESL ENJ) C—EN_%
CLE ——
ALE ———1  Device Device Device Device Device
WE —( 1 E— 2 ] 3 N 4 N+ 1
RE — - D S

Vot F’//////fﬂ//////////f////////////fl‘/////f///////////f////I’////////////.i’/f//ffﬂ

to 1/08
RY /BY .

RY/BY \ Busy
CLE / \

/
=Y \ /) /

1o { 70h »

g
0L
ok

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.

e
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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

TR e T
CoO—CD N )
Internal Vpp /
RY/BY \
treT (max 10 ps)

When a Reset (FFh) command is input during erasing

C o) e O_
Do FF 0o
N NS
Internal erase
voltage /
RY /BY \
trsT (Max 500 ps)

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

RY/BY \

tneT imax & n=sl

When a Reset (FFh) command is input during Ready

G Coo—

RY/BY \

tRsT (max 5 us)

Nov, 11, 2019 Rev V0.5 Page 40



) &mi
)\‘Q MESIE Parallel SLC-NAND XT27G02A

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

——— /O status: Pass/Fail — Pass

)
NS

— : Ready/Busy — Read

RY /BY —\—/ y Y y

When two or more Reset commands are input in succession

(M ) 3)

CER D) CEE ) O
_® () \FFC FF
RY/BY \
The second @ command is invalid, but the third @ command is valid.
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Timing Diagrams

Parallel SLC-NAND XT27G02A

Latch Timing Diagram for Command/Address/Data

CLE

ALE

CE 7 .
RE] Hold Time

WE \ )4

Setup Time

tos toH
1o
:V|Hor\«"||_
Command Input Cycle Timing Diagram
CLE j\
S| tos toiH
tcs e :
77 O }4/ 7/’/&7/ i %% ?2%
twp
WE l Z
tals N talH N
AE 9[ Vi 00 .
tos toH

/O

Vi or VL

Nov, 11,2019
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Parallel SLC-NAND

XT27G02A

Address Input Cycle Timing Diagram

CLE

ALE J

foLs

)

=7

| tcs

th  lcs

/

twe

twe

T

L we WH o twp fwh twe twh twp twH twp
*_/_\L_/‘ LU S U B W
taLs fALH
tos | DH tos | tow s | toH tps | toH tos | toH

CAD

Data Input Cycle Timing Diagram

. fcLs
o T

1o

Nov, 11,2019

fo7 %CMB‘H% PADto 7 %W\Bmﬁ PA16

Wi or Vi

tcH /////;

i

tALH

Rev V0.5
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Serial Read Cycle Timing Diagram

tre
CE /
CE
A % /
trp tREH trp trp lenz
RE \ / \ / r’ /
N /] truz N/ tRHZ IRHZ
tREA trHoH|  |IREA tRHOH REA tRHOH
tcea — tcea
o y i
trRr
RY/BY
VA - Vinor Vi
Status Read Cycle Timing Diagram
tolr
CLE
toLs teLH
e S
tcs N
cE X L) L
 twe | fcH tcea
WE 4
WE |7
\l\_/ twHC iz
twHRr
RE N /
RE
N — IRHOH
Ips | toH R
tREA tRHZ
* Py Statws
e} 70h / 4 output

RY/BY /

Wy or VL

* 70h represents the hexadecimal number
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Read Cycle Timing Diagram
IclR
I . 1
CLE ] % :
fcLs toLHl Ls foH //;‘/F
tcs  |fcH ics toH
— fo
=LA pApp A |7
twic
WE f | O A \UE \UE \JE Lf
RVERTIY --
taH tals taH tas
I |
ALE 1
R tRC
RE twe
tps |toH tpsfiod tos|tod tos|tod tbs|tow tos|tod tps [toH trr| |/CEA
z - cao YA cas PAD PaE YAPATE IREAYD D
WO Z ,é,//, 07 %mﬁ Em? %ma% %ﬁ%:‘m | i
e Data out from
. Col. Add. N Col. Add. N
RY/BY \ I
I
Read Cycle Timing Diagram: When Interrupted by /CE
lcir
CLE
ice ICH icg IoH
= 1A AAAp A B2l |
 twe . [ICSD
WE \_]! | ‘.IUE \JE \_;[ \_;[ \U!
tun tas tan tars
| A
ALE J {
il tRC tcHz
RE twe
Ins EEI;II Ios(oH Ds|loH oS {DH DS|oH DS (ioH Ins |toH
7 can ¥ cas PAD PaR WA PA1G iREA |, D,
o %;h o7 fhto11 fhto? Fhto15 30h \ uNJTHNELUI
| | |
— e
Col. Add. N Col. Add. N
RY /BY !'I'. {
Rev V0.5
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Parallel SLC-NAND XT27G02A
Read Cycle with Data Cache Timing Diagram (1/2)
I
tcir X tcir
i
CLE tetH f ICLH![ ]{ tewu) | toiH
LS ICLS e ICLS  pe—n I[TCLS fe—
o H 4 H - H »}
Ics Ics Ics ]
= O 0O 1 D ) =
e |
= Y\ L
laH las lalH tas R CEA | ICEA
I
1
ALE :
R DCBSYR1 lRe | IbcesyR1
I
. = | | YUV (U
tos |ton ios|lpH tps|ioH tos(ipH tps|ipd  tos|tod 1Ds |IDH ips|iDH RR [ |iocs | Ios tDH RR|  foea
1
-
B
Column address Page address —_—— : Page address
N* M Page address M " M=
— | ¥
Ry/BY { \ Col Add.0 ! | E Col Add. 0
i
I
|
*  The column address will be reset to 0 by the 31h command input.
Continues to of next page
Read Cycle with Data Cache Timing Diagram (2/2)
1
1
telr tclr fclr
CLE 1 E 1
ltcLs ICLH;» s [ 3T tcis ot
4I_",‘tc e - tc
itcs 7] tcs tcs 7|
=_[k hAhh J hh ., & bbb
L I
1 Ll
1
1
T 07
WE | \_/ T \ T
1 tCEA i
1 tCEA tCEA
1
1
ALE :
H tDcesYR1 tre 1DCBSYR IRC tDcEsYR1 . re,
1
| | SN
| UV L
i RRle IR tREA b2l tRRe sk 5 tREA
1
! CE]U O1UT DouT IFh % C%
1
1 Page address *
: Page address M + 1 0 : Page address M + x
{4
T T
= i [ i ) [
RY/BY [ _J coado
: Col. Add. 0 Col. Add. 0
1
!
m Make sure to terminate the operation with 3Fh command.
Continues from of previous page
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Column Address Change in Read Cycle Timing Diagram (1/2)

?‘tcLs tcLH[\ irtcLs TELHl[
= 1H AAAAKT A DA
\

LR

]
L , tCEA |
WE :
SRRV ERVERV IRV RS | '
|
= .
talH tars taLH tars I
N 1
1
ALE 1[ |
tr tRe |
1
= e ] I
L J\ / U
s [toH Ips|toH tosiipH tDs|toH 'Ds|lod  'Ds|'DH DS |lDH IRR| | tpes :
I
7 can WA cas A PAD PAB \VA/PATE \ '
FEAE,
o 7 m%?%mﬂ%m?%mﬁ% A%m“ A M\as @
1
Page address Page address
P P
RY/BY | " J |
] :
Column address :
A |
|
1
1

Continues from of next page
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Column Address Change in Read Cycle Timing Diagram (2/2)

Column address
B

: o R
CLE { { \
o Jus tcis o
' ]
! tce  loH tcs toH
= AKX 1Hh bh A A Db
E tRHW twic | ICEA
[
= \ J \ |/ \ |/ \JI’
WE L ! [
: U U
: H tas alH tays
]
. | |
ALE E ] ||
_E hwHR tRCI
{
=\ f TRYEY
. tosfox Insiton  tosftod s floH tREA
N tiR
' CAD CAB outh DouT ouT
1o A o= o7 o1t For R
: Column address Page addmess
¥ B P
RY/BY E
1
[
]
]
[
I
1

Continues from of last page
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Data Output Timing Diagram

x]
o

7

Al

ALE
RC toHz

trp IREH trRp

trp RHz

t E—] t
L REN tpg | toH

ICEA ‘
t t
trEA RLOH LOH

tRHOH

1
R RHOH

_ 45
RY/BY

e ——
Rev V0.5 Page 49
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Auto-Program Operation Timing Diagram

Iois
CLE +
tors | toLH |, £

tcH
WE '|I Jf I|I +
EI;|H talH
lars IPROG
laLs i Iy
ALE i‘
S by Y

o ton  tosjton

Z CAQ CMXPMXH&& 16
Im%%?*mﬁ to 7 Mto 15

Column address
N

: Do not input data while data is being output.

% Wiy orV

*) M up to 2175 (byte input data for <8 device).

e —
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Auto-Program Operation with Data Cache Timing Diagram (1/3)

IoLs

CLE )
_AtcLs toH F\

5

TP

ALE

s toy  toslto

CAD CMXPMXPAE)_(PME
to 7 Mo 11 M\ to 7 Mo 15

B
2

: Do not input data while data is being output.

CWigor ViL

CAOto CA11 is O in this diagram.

Continues to |I| of next page

e —
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Auto-Program Operation with Data Cache Timing Diagram (2/3)

IcLs

oE _.l"ters totH
|t‘:S ;

el

E‘\J

CE
Wi

ALE

Niie

Ins §Tns
.

toH tns |t

OH
B0h CAD Y CAB N PAD | PAB WPA1E
to 7 Mto 110 o7 Ao 15

5
- }

RY /BY

Repeat a max of 62 times (in order to program pages 1 to 62 of a block).

Continued from of last page
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Auto-Program Operation with Data Cache Timing Diagram (3/3)

ac _fd g

sessfanssans

7
[

HEmsssmamsaEs

-
E J ] &a‘z‘

— ————
T\ MEAVARVANA? AR
tas PROG (*1)
: s
ALE 7
— {5 4

it
4
tns % tos \_/_

i

spgesssssadesanns

DSt

OH tosl toH [
e
o Can Y cas 'y Pao VY PaB W PA1G
e O ¢ 5 ) ()5 G O

RY 1BY . .
i Da nat input data while data is being output.
+ ] ke
2
(*1) tproc: Since the last page programming by 10h command is initiated after the previous cache
Continued from ol last page program, the prog duning cache programming is given by the following equation.

tPrROoG = Proc of the last page + prog of the previous page -A
A={command input cycle + address input cycle + dat input cycle time of the last page)

I “A™ axceads the PROG of previous page, IPROG of the last page iz lPROG Max.

(Note) Make sure to terminate the operation with 80h-10h- command sequence. If the operation is terminated by 80h-15h command
sequence, monitor I/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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Multi- Page Program Operation with Data Cache Timing Diagram (1/4)

oy
o
CEEETE] ETEEETET

FEEEEEAAEEE A

L

,
€§§§E
s

e
o

CEETEEEEETT

MVAVA

tais taLs tocasYw
Wa
ME

Ips 5
H o
i Ds{ipn  tngtod H ton

= L L
pm FA1G CAD
o %;%a *wﬂ eB N W b AV

F'aga Address M

i District-0 . D175

saspsaanEREREn

=

b=y

CEET CEEETTT

L

RY IBY ) ) o z
: Do notinput data while data is being output H

Wigor VL

—

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

v}
fn

ﬁllﬂil EE
@

7]

I

—

w

CEECERTETETET CEPTRE PEPRRET &

Al
J"‘!f;

|

c
b2l

spgessssaafessnnakassasannsaanns

District-1 Dn2175

DH
can Y cas\ pan\Pas \fPAtE F
o %%?ﬁ*ﬁﬂ o7 m15X }_'N 4’?@
Page Address M
4

L bl e

Repaata max of 63 times (in order to program pages 0 1o 62 of a block). 2

—

Continued from of last page
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Multi-Page Program Operation with Data Cache Timing Diagram (3/4)

%% £ o son G \_
N\ .

cao Weas Y eao \pas | fPats
Vo %ﬂh—%qﬁ? 1o 11 m?}{nw){

H Page Address M#n
H Diistrict-0
RY/BY :
: : Da not input data while data is being output.
; % *VigorVi
2 3

Continues to IE of next page

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

tcLs

CLE . [

=
—

Its § trs

2]
m

O
A _E

tas tars tPROG 1)

: fwe
| ] { & ﬁ
ALE H _J | I S

_ ; T
RE : \_/_

: tps oz

Ioslipn  tpstod o

.
CA0 \/TAB \/ A0 \/FAB \/FATE

”ﬂ%_‘;"“ 7 Aoe11AB7 m15>< @ @

: Page Address Mén

District-1

D2175

[T
LM

RY /BY
' Do nat input data while data is being output.

Vg or Vi

3

Cortinued from [3] of last page

(*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 + 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, tPROG of the last page is tPROG max.

(Note) Make sure to terminate the operation with 81h-10h- command sequence.

If the operation is terminated by 81h-15h command sequence, monitor I/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.

- ]
Nov, 11,2019 Rev V0.5 Page 57



o— )
)tg MESIE Parallel SLC-NAND XT27G02A

Auto Block Erase Timing Diagram

o b [

RE
tps|toH
e
Z NG @
V7% 60h DOh
w7
RY/BY Auto Block Erase Start Status Read
Erase Setup command command
command

Vi orVy

: Do not input data while data is being output.
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Multi Block Erase Timing Diagram

e Y e - W

tps |toH

1
Z FAD \/ FAB \/FATE ;
vo %—E‘ *m m&x % :

1 Erase Setup

Wiy or VL

- Do nat input data whike data is being output.
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ID Read Operation Timing Diagram

tois

o fe \_
tous

cs  |teH tcEa

ics . i
=\ 2 A
e
— ! /
WE _\_;{ o
tars taLH
taH tar
i -
ALE
p— Y
RE Y
IoH h
'os tRea || trea trea tREA
Il Y Sea
o —— aoh { oon } a8h m Tabla 5
ID Read Address Maker code  Device code
command 00

Mg or VL

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 a5
25 VL

A
3
Al

ViH

_ ViL | ! ViL !
WP —— | i1msmax . i I 1 ms max

100 ps max . Operation 100 us max.._.

Invalid " Invalid ~ Invalid
Ready/Busy %

(2)Power-on Reset The following sequence is necessary because some input signals may not be stable at power-on.
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| Power on I @

Reset

(3) Prohibition of unspecified commands

The operation commands are listed in Table 3. Input of a command other than those specified in Table 3 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 LI LI LTI

-

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.

" TR
80 XK 10
\~|—/ Mode specified by the command. S— Programming cannot be executed.

Command other than
“85h", “10n", *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.
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From the LSB page to MSB page Ex.) Random page program (Prohibition)
DATA IN: Data (1) » Data (64) DATA IN: Data (1) > Data (64)
\—4- 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 @ @ @ i (Al i
=\
=\ VUV VY

RY/BY \ i

G AUEEE VAV
Address N Status Read

S ————

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

(8) Auto programming failure

/—-\ O_QFG" /-—-\ /-—-\
80 10 70 1[e] 80 10
Og"_”_"_)\-___/ R ey
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
[ 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
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(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.

Ready |\,

Vss
L 15 us - CL = 50 pF{ 15ns
_ tf
tr 1.0 us |- T 10ns
This data may vary from device to device. 05 us r - 5ns
| i | |

We recommend that you use this data as a
reference when selecting a resistor value. 0

1K 2Ka 3Ka 4Ka

e ——
Rev V0.5 Page 63
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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 Programming

3

Is

RY /BY
!

tww (100 ns MIN)

Disable Programming

DIN

W\

RY /BY

RN

tpyw (100 ns MIN)

e
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Enable Erasing

DIN 60

RY /BY

.
tww (100 ns MIN)

Dizable Erasing

dik

DIN 60

WP

e
@>—

RY /BY

A=

tww (100 ns MIN)

(11) When six address cycles are input

Although the device may read in a fifth address, it is ignored inside the chip.

Read operation

Read operation

CLE f ||I

= )

ALE H \

\ / \
o ——on }— K K A )
Address input Ignored II
RY/BY "
Program operation
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Program cperation

CLE H \

CE

S\
VAV a W a WV aWann WaWalors
ALE [ \

- lgnored .
Address input 9 Data input

(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 Data Pattern2 |  ----------m--mmmmmmoo o Data Pattern 4

e —
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(13) Invalid blocks (bad blocks)

The device occasionally contains unusable blocks. Therefore, the following issues must be recognized:

erased.

—» Bad Block

system.

—» Bad Block

isolated from the bit lines by select gates.

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

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

Abad block does not affect the performance of good blocks because it is

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

MIN TYP. 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.
| Start ]

Block No =1

Fail
Read Check

Block No. = Block No. + 1

Mo
Last Block
Yes
( End

=1: No erase operation is allowed to detected bad blocks

Nov, 11,2019 Rev V0.5
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(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

Program
Error occurs 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 cccurs 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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[ —
——
——-
—=-
T
|
Data \
Retention \
[Years] S

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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XTX Technology Limited

Tel: (86 755) 28229862
Fax: (86 755) 28229847

Web Site: http://www.xtxtech.com/
Technical Contact: fae@xtxtech.com

* Information furnished is believed to be accurate and reliable. However, XTX Technology Limited
assumes no responsibility for the consequences of use of such information or for any infringement of
patents of other rights of third parties which may result from its use. No license is granted by implication
or otherwise under any patent rights of XTX Technology Limited. Specifications mentioned in this
publication are subject to change without notice. This publication supersedes and replaces all
information previously supplied. XTX Technology Limited products are not authorized for use as critical
components in life support devices or systems without express written approval of XTX Technology
Limited. The XTX logo is a registered trademark of XTX Technology Limited. All other names are the
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