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Parallel SLC-NAND
Specification

4Gb (512M x 8), 3.3v, 8 bit ECC NAND flash
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Revision History:
Rev. Date Changes Remark
V0.1 2016/12/9 Initial release based on PN27G02ABGIT V0.1 Preliminary
V0.2 2017/1/5 Update sequential access time from 45ns to 25ns and block Preliminary
V0.3 2017/2/27 Update ID table on Page23; Preliminary
V0.4 20171211 Change company name from “Paragon” to XTX Revise
V0.5 2019/12/5 Correct the unclear description Revise
V0.6 2020/4/18 Adjust the block erase time Revise

NOTE: INFORMATION IN THIS PRODUCT SPECIFICATION IS SUBJECT TO CHANGE AT
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General Description

The PN27G04A is a single 3.3v 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 PN27G04A is a serial-type memory device which utilizes the 1/O pins for both address and data input/output as
well as for command inputs. The Erase and Program operations are automatically executed making the device most
suitable for applications such as solid-state file storage, voice recording, image file memory for still cameras and
other systems which require high-density non-volatile memory data storage.

Features

> Single Level per Cell (SLC) Technology
» ECC requirement: 8bit/544Bytes
> Power Supply Voltage
Voltage range: 2.7V ~ 3.6V
» Organization
Page size: x8 (4096 + 256) bytes; 256- bytes spare area
Block size: x8 (256k + 16k) bytes
Plane size: 2048 Blocks per Plane or (256M + 16M) bytes
> Modes
Read, Reset, Auto Page Program, Auto Block Erase, Status Read, Page Copy,
Multi Page Program, Multi Block Erase, Multi Page Copy, Multi Page Read

> PageRead /Program

Random access: 25 ps (Max)

Sequential access: 25 ns (Min)

Program time / Multiplane Program time: 300 s (Typ)
» Block Erase

Block Erase time: 3.5 ms (Typ)
> Reliability

10 Year Data retention (Typ)

Blocks zero are valid
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Part number description

PN 27G 04ABG I T

Vendor
PN : XTX

Product family
27G : 3.3v NAND

NAND Density/Org
04A : 4Gb /x8; 8 bit ECC is required

Green code
G: Green/Reach package
Package type
BG : BGA24
Packing type
T: tray

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

Apr 18,2020 Rev 0.6 Page 4



"y A i \
X‘Q mx Parallel SLC NAND PN27G04A

Pin Assignments

Ball down , top view

1 2 3 4 5 6
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BGAZ4, 6x8x1mm, ball pitch 1.0

. Supply Q Ground
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Package Dimension
I PIN 1 CORNER
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DETAIL A \ 7
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SEATING PLANE A : = . ‘ JZ : 1
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f boad SEATING PLANE
-
24x[a[ddd][C
SIDE VIEW
: DETAIL A
PIN 1 CORNER SYiBOLY MILLIMETER
Wl WM MAX
A _— | == 1.14
Al 0.25 0.30 | 0.3
AZ 0.71 0.76 | 0.8
/ A3 0.50 BASIC
/ N c 0.22 0.25 | 0.30
' ﬂ? @t‘EEG@ ClAlB D 5.90 6.00 6.10
|I Gt | C o 3.00 BASIC
\ E 7.0 | 8.0 8.0
AT 7 = 5.00 BASIC
- L \ e 1,00 BASIC
N - b 0.35 [ 040 ] 045
S L 1.30 REF
— 24X00b — aad 0.10
cce 0.15
ddd 0.10
' . 0.15
DETAIL B(2:D e 3
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Logic Diagram

VCC VCCQ
CE# m———] 1 ) VOD-1O7
WE# . /OB~1/015 (x16 only)
REg —( O————R/B#
ALE
CLE
WP# —{]
VY55 WSSO

Pin Description

Pin Name Description

1/00 - 1/07 (x8) | Inputs/Outputs. The I/0O pins are used for command input, address input, data input, and data
output. The I/0 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 |/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 is valid tREA after the falling edge of RE# which also increments the internal column

address counter by one.

WP#H# 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

Vee Vss
‘ L Status register  fe— T rI
/00« © - Address register Column buffer
110 A
to Control circuit %’///f//////////’//////////’// Column decoder
////////’% Data register

1/0Q7+C Command register

{} | Sense amp e

CE O0—>| 5
CLE 0——>| € | 8|
a_| 8|

ALE 0—| @8l O |

WE Logic control Control circuit g% @ Memory cell array
" 8 B |

RE o— z

__ R

WP 0——> o«

L

RY/BY ©
}— RY /BY HV generator
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Array Organization

/ e /) olio1
108
i o
Data Ca{:hel_. 4096 '256|//| A page consists of 4352 bytes in which 4086 bytes are
used for main memory storage and 256 bytes are for
A - redundancy or for other uses.
Page Buffer|,:' 1 page = 4352 bytes
1 block = 4352 bytes x 64 pages = (256K + 16K) bytes
Al Capacity = 4352 bytes = 64pages = 2048 blocks
[ i
---------- }Eui Pages=1 block
131072 ; §
pages ! :
2048 blocks ! ;
R TR 7
| < BIIO
4352
An address 1s read in via the I/O port over five
consecutive clock cycles, as shown in Table 1.
Addressing
1108 1107 1106 1/105 1104 1103 /02 /01
First cycle CA7 CA6 CAS5 CA4 CA3 CA2 CAl CAQ
Second cycle L L L CA12 CA1l CA10 CA9 CA8
Third cycle PA7 PA6 PA5 PA4 PA3 PA2 PA1 PAO
Fourth cycle PA15 | PA14 |PA13 [ PA12 [PA1l1 [PA10 [ PA9 PA8
Fifth cycle L L L L L L L PA16

CAO to CA12: Column address
PAO to PA16: Page address
PAG6 to PA16: Block address
( PAO to PA5: NAND address in block }
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ABSOLUTE MAXIMUM RATINGS

SYMBOL RATING VALUE UNIT
Vce Power Supply Voltage -0.6 t0 4.6 \Y
VIN Input Voltage -0.6t0 4.6 \Y;
Viio Input /Output Voltage -0.6 to Vcc + 0.3 (£4.6V) \
Pp Power Dissipation 0.3 W
TSOLDER Soldering Temperature (10 s) 260 °C
Tste Storage Temperature -551t0125 °C
ToPr Operating Temperature -40 to 85 °c

CAPACITANCE *(Ta = 25°C, f = 1 MHz)

SYMBOL PARAMETER CONDITION MIN MAX UNIT
CiN Input ViIN=0V — 10 pF
Cout Output Vout =0V — 10 pF

* This parameter is periodically sampled and is not tested for every device.

VALID BLOCKS

SYMBOL PARAMETER MIN TYP. MAX UNIT

NvB Number of Valid Blocks 2008 — 2048 Blocks

NOTE: The device occasionally contains unusable blocks. Refer to Application Note (13) toward the end of this

document.

The first block (Block 0) is guaranteed to be a valid block at the time of shipment. The specification for the
minimum number of valid blocks is applicable over lifetime The number of valid blocks is on the basis of single plane

operations, and this may be decreased with two plane operations.
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RECOMMENDED DC OPERATING CONDITIONS

SYMBOL PARAMETER MIN TYP. MAX UNIT
Vce Power Supply Voltage 2.7 — 3.6 \Y
VIH High Level input Voltage Vee x 0.8 — Vce + 0.3 \Y
ViL Low Level Input Voltage -0.3* — Vce 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 VIN=0VtoVce — — +10 pA
ILo Output Leakage Current VouTt =0VtoVcc — — +10 MA
Icco1 Serial Read Current CE = VL, louT = 0 mA, tcycle = 25 — _ 30 mA
Icco2 Programming Current — — — 30 mA
lccos Erasing Current — — — 30 mA
Iccs Standby Current CE = Vcc-0.2 V, WP = 0 VIVce — —_ 50 HA
VoH High Level Output Voltage IoH = -0.1 mA Vee —0.2 — — \
VoL Low Level Output Voltage loL = 0.1 mA — — 0.2 \Y
I .
oL _ Output current of RY/BY pin VoL = 0.2V _ 4 _ mA

(RY/BY)
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AC CHARACTERISTICS AND RECOMMENDED OPERATING (- -s0tw8sc,vee =2.7t036v)

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
tDH Data Hold Time 5 — ns
twe Write Cycle Time 25 — ns
twH 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
tREA RE  Access Time — 20 ns
tCEA CE _ Access Time — 25 ns
tcLR CLELowto RE Low 10 — ns
tAR ALE Lowto RE Low 10 — ns
tRHOH RE  High to Output Hold Time 25 — ns
tRLOH RE  Low to Output Hold Time 5 — ns
{RHZ RE  High to Output High Impedance — 60 ns
tcHz CE _ High to Output High Impedance — 20 ns
fcsp CE High to ALE or CLE Don’t Care 0 — ns
tREH RE  High Hold Time 10 — ns
tr 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
trR Memory Cell Array to Starting Address — 25 us
{DCBSYR1 Data Cache Busy in Read Cache (following 31h and — 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 18,2020
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AC TEST CONDITIONS

CONDITION
PARAMETER
Vcc: 2.7t0 3.6V

Input level Vcc-0.2V,02V
Input pulse rise and fall time 3ns

Input comparison level Vee /2
Output data comparison level Vcc /2
Output load CL(BOpF) +1TTL

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

PROGRAMMING AND ERASING CHARACTERISTICS
(Ta = -40t0 85°C, Vcc = 2.7 10 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 Q)
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.
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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 T H :
Data Input L L L 4 H H
Address input L H L 4 H =
Senal Data Output L L L H I *
Dunng Program (Busy) * * * * * H
During Erase (Busy) * * * * * H

* . H * * =
Duning Read (Busy)

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

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 CEislowduring read busy, WE and RE mustbe 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
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 — °
Reset FF — °

HEX data bit assignment
(Example) Serial Data Input: 50h

8 7 6 5 4 3 2 1M

Table 4. Read mode operation states

CLE ALE CE WE RE 1/01 to 1/08 Power
Output select L L L H L Data output Active
Output Deselect L L L H H High impedance Active

H: ViH, L: ViL
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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.).

\

RY/BY Column Address M Page Address N Busy / R

vo —oom)—<_ o A K A e

Page Address N

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

M m . L _—_
C 1 < 1 Cache via Page Buffer starts on the rising edge of WE in the
Data Cache [ & e !
[ 30h command input cycle (after the address information has
Page Buffer | |,l‘= J been laiched). The device will be in the Busy state during this
Select page__| N }y N N N transfer period. . .
N Cell array 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.

/01 to 8: m = 2175

L
Page 16
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Random Column Address Change in Read Cycle

ae /\ [ [ [\
\AANAAA 772 A PAPDBAN AN
" VAAVAVANY,

Y

=

Col. M Page M

Start-address input Start from Col. M Start fram Caol. M’

Dwring the serial data output from the Data Cache, the column

T f"\riﬂ address can be changed by inputting a new column address
Ly * i using the 05h and EOh commands. The data is read out in seral
| %r ] starting at the new column address. Random Column Address
I Change operation can be done multiple times within the same
SEIec'Ellpage—b r}.-')z.r.Jzr.r.r)z.r.!zr.r.r)z.r.!zr.r.uz.r.!zr page
T T

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.

e A M M
<\ ALLL010 7 ) ) 14 7
RVAVAVAVAVAY Y \/ \/

Column@ Page Address N Page Address N+ 1 Page Address N+ 2

Data Cache [————J]T——>PageN @::}Pagwm 1 ——">PageN+2
Page Buffer (@I:I (@ ©) ©) @EE@ZEI ©)

O

Page N+ 2 i o @
30h 31h& RE clock 31h& RE clock IFh& RE clock

Cell Array Page N Bl 1) PageN+1 Pz @

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. 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.

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 j_\ ) [\ [\

13

=\ Add Al A RBRABRAA P77 )

y

LAVAVAVAVAVAVARRRVAVAVA: \/
e

ALE

RE | \/
(44
RY/BY \ {
vo o {_ XX XX HemProm) or) (o o)
'\_Y_)k_ v JN e

Col. M Page P Data
Data input
The data is transferred (programmed) from the Data Cackﬂia
the Page Buffer to the selected page on the rising edge of WE
Program | | Read& verification following input of the “10h™ command. After programming, the
Selected S 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 - OO ) @

‘ﬁ’ M
Col M Page N Col. M’ Busy
Cal. M Col. M
- 1’ - ¥
Datainput [ ¥ - |
L

| s |

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

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.

a [ ‘. M [ ZM \/_\ [ﬂ A
0L LB LL DL LA

k il
I TV
' I I
Py i )] n ]
RY/BY
\_)tncasvwz \_/ tocasvw2 \___ | teroamors)
o R R el et
L J i
PageN @ @ Status Qutput PageN 1 @ Status Output PageN+P @ @ Status Oulput

P
Data Cache _ |DaiaforPageN_| I(\E’J\[ O |Data for Page N + |/—A\I 3 | @pm for Page N + P|
Petier(1)] = oy = v
{ \:,j | | I |
i PN OO AR, | | (0}
\ |

PageN+P

v o~
Page N+1 W
age N+P -
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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. Data is programmed to the selected page while the data for page N + 1 is input to the Data Cache.

4. By the 15h command, the data in the Data Cache is transferred to the Page Buffer after the programming of page N is completed. The device
output busy state from the 15h command ntil the Data Cache becomes empty. The duration of this period depends on timing between the
internal programming of page N and serial data input for Page N + 1 (tDCBSYW2).

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

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

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

is given by the following;

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

page)

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

Exampled .
02 =» Invalid Page1 ! Page 1 | Page N-2 invalid PageN-1
01 == Invalid Invalid | Page 2 Inmlid invalid Page N
T 1
l I
@) @%@ 0O, .+ @ @@ @% .
| |
|
Page 1 Page 2 : : Page N - Page N
I
— L -
RY/BY pin : i |_| | |
|
| |
Data Cache Busy < © | ! © &
| I
— | |
e a |
Page Buffer Busy Page | ! !
Page2 | 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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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
Coo ) Address input -0 (8c ) Address input |- Data input =15 )— 00 ) Address input ]34 ) (»)
Address \ Col =0 start Address Whe X Address Col = 0 start
\ n changing data,
CAOto CA11, PADto PA1G | CAD to CA11, PAD10 PATE s o icimput. | CADto CA11, PADto PAIG |

(Page N) (Page M) (Page N+P1)
i o )Q J AR
RY/BY \_/ tr \_/tDc BSYW2 \_/tncasvm

Page Buffer —— —1 ]

Cell Array )
Page M

@ Data for Page N < ; 2 Data for Pa?e M @ Data for Page M @ ( ; ? Data for Page N + P1
Data CaChE %

Page N + P1

Page N

Page Copy (2) operation is as following.
1. Data for Page N is transferred to the Data Cache.

Data for Page N is read out.

2
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 Bulffer.

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 . \ Address Y Col =0start Address \ Col = 0 start

When ch: data, \ \ \

CADto CA11, PADIO PATE oo s o | CAOto CAT1, PADto PATG | CADto CAT1, PADto PAIE |
(Page M+R1) )@ (Page N+P2) j (Page N+Pn) ) @
: v/ J, ®
RY/BY O
tocesywz tocesvR2 tocesYR2

@ Data for Page M + R1 @ Data for Page M + R1 ! DatafchaieN+P2 ® Data for Page N + Pn
—EL —|
Dﬂm CaChe %

Page Buffer

Cell Array Page M+ R1 EESSssseesesoey)
—
Page M OO0

Page N + P2 Firrii i i e e
Page N +P1 e

Page N + Pn )
AL LSS LSS
T

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 PA16
(Page M+Rn)

B
RY/BY O | H teroc (1)

Status output]

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

Page Buffer —1] — 1 >
] Page M + Rn [T
Cell Array OO, CTCODOS
N N N
FFFFTFT i
P I AT LTSS IS LE LSS
= = o

10. 10 Copy Page address (M + Rn) is input and if the data needs to be changed, changed data is input.

11. 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)

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.
P . Pass
—B
Block Address  Frace Start Status Read Fail
input: 3 cycles  ommand command
RY/BY \ Busy /

e ———
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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 PN27G04A

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

=\ [JF
WA
T
R taea] [\ [\

tar

f \ ’ \ \ ,l' \ ,I'See\ J'See\ fSee\
Vo \ 90h [ \ 00h [ 98h / \ DCh / \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 1107 1/06 1/05 /04 1/03 /02 /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 1 0 0 DCh
3rd Data Chip Number, Cell Type 1 0 0 1 0 0 0 0 90h
4th Data Page Size, Block Size, 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 1107 1106 1105 1/04 1/103 1102 /01
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
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4th Data
Description /08 | 1/O7 | 1/O6 | I/O5 | 1/04 | /O3 | /02 | 1/O1
Page Size 1KB 0 0
2 KB 0 1
(without redundant area) 4 KB 1 0
8 KB 1
Block Size 64 KB 0 0
128 KB 0
(without redundant area) 256 KB
512 KB 1
1/0 Width x8 0
x16 1
Reserved 0 0 1
5th Data
Description /08 | 1/O7 | 1/O6 | I/O5 | 1/04 | /O3 | /02 | 1/O1
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
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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 1/0 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

Definiti Page Program Cache Program : Read
etinition Block Erase ac g Cache Read
101 Chip Status1 _ Pass/Fail Pass/Fail Invalid
Pass: 0 Fail: 1

102 gz;p;éatusz - Invalid Pass/Fail Invalid
1103 Not Used 0 0 0
104 - Not Used 0 20 0
1/O5 Not Used 0 0 0

EPage Buffer Ready/Busy
1106 EReady: 1 Busy: 0 iReadnyusy iFheach,r.fBusy iReadyﬁBusy

EData Cache Ready/Busy
I1o7 Ready: 1 Busy: 0 :Readnyusy :Readeusy :Readeusy

- Wrnte Protect | . | T |

| | t “Wnite Protect ‘Write Protect
1108 ‘Not Protected 1 Protected: 0 :Wnte Protec : rite Protec : nite Protec

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 I/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 I/07 shows the Ready State.

The status output on the 1/06 is the same as that of I/07 if the command input just before the 70h is not 15h or
31h.
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An application example with multiple devices is shown in the figure below.
CE1 CE2 CE3 co CEN=+
1 )\ k5 CEN | CEN+1]

CLE

ALE Device Device Device Device Device
WE 1 —— 2 — 3 N — N+ 1

ﬁ — 0 X ] E—

o :ig; F’f/f//’f/f/f/f.///ff/fI/f/fﬁfﬁ/f/f/ﬁ////f///f/f/’f//’f///f//f/f/f/f/f/f/ﬁi’///fffﬂ
RY/BY .

RY/BY \ Busy
CLE / \

\/
=Y \ [ /

1o { 70h } { 70h )

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. 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:
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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
o) )
> G CoD—
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

RY/BY \

tRsT (max 5 us)

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

(2) (3)

(1)
N e

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

Latch Timing Diagram for Command/Address/Data

CLE

.

I

Setup Time

Hold Time

WE

\

tos

/

toH

lie]

Command Input Cycle Timing Diagram

“Vig or Vi

toiH \J\
<

tcs tcH
GE ) .
CE :
. Y .. .
twp
WE )[ g
faLs talH
B »
ALEV/)L .
tps toH

/0

Mg or Vi

Apr 18,2020
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Address Input Cycle Timing Diagram

fcLs tcLH

fcH fcs twe tcH

. twp twH twp twH twp wH twp

|
N\
\
| B

fDs | tDH ) tps | tDH . tps | toH . ) tps | tDH )

1o CAOtoT ¥ CA81to 11 ¥

“ViHor VL

Data Input Cycle Timing Diagram

fcLs tCLH
3 > |
o 700 % 7,
tes ttch  fcs tcw
® ) % %% 22
taLs (TALH)

. | e

byp by wp typ
— \ —\ /—‘f, %
" /] /] ‘t /

tps | toH le) toH tos | toH

< > > < s
S e VN >
o / * D|ND DIN1 D|N4351% / / /

=

e ———
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Serial Read Cycle Timing Diagram

fre
=T ) U e
trp tREH trp trp tcHz

RE \ / \ / : /

\—/ trHz u trHZ tRHZ

t t i 1

REA IRHOH REA IRHOH REA tRHOH

tcen — tcEa
o X S
Rr

(e
- ?
RY/BY

ZV|H OI"V”_

Status Read Cycle Timing Diagram

. oLk
CLE
>
fcs
o
= X ; Y
twp | icH fcEa
WE / torz
twHc
twHR
=E N
\——/‘/ tRHOH
tps | toH iR \
tReA IRHZ
Y 7
o 70n* Status
—/[% _output

RY/BY /

W or VL

*  70h represents the hexadecimal number
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Read Cycle Timing Diagram

ICLR
\ -\
fcLs foLH fcls  foLH
tcs  |tcH ics tCH
=\ 12 bbb O 1
twe
|1I >
W\ L Ju o\ f
tALH tAaLs falH fals
ALE ]{ 1
iR tRCI
" i LY
tps |tpH tps|ipH tps|ipH tps|ipH tDS|toH tps|toH t tcea
. . - . H IDS|'DH ! RR
Vo 2 oon ca0 W cas m‘cﬁ | PAS 20 REA Dout\ /Dout
7 to 7 o 11 to 7 to 15 N N+
| [
h ~- -’ Data out from
. Col. Add. N Col. Add. N
RY/BY [
Read Cycle Timing Diagram: When Interrupted by /CE
iCLR
e
\ f ]
icLs  icLH fcLs  tcLH % ]
ics fcH ics fcH
— |
2 WwYewa i
7 l/ ]
twe le»|1CSD
AT RS BT ERY B Y
tALH tALS talH  taLs
ALE }{ }i ]
'R RC  tcHz
RE tws \ { Jﬁ ]{t
RHZ
tps|tH ips | toH itDS o s tDHi itDs tDH tps|tpH trn | JCEA tRHOH
ol
e \ CAOD CA8 PAD PA8 | IREA DouTt\ /DouT]
Vo ,-’:%xj{ 00h %‘ to7 %toﬂ %to? %tow % 30h N OANs1f
| | =1
Col. Add. N Col. Add. N
RY/BY 1 J

Apr 18,2020
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Read Cycle with Data Cache Timing Diagram (1/2)

tclr H tclr
1
CLE I \
t CLH | tell fr. o
icLs icLs |1C|_s p 1icLs
> T

<= % IS W S = WYYVl
eI a Vi el

1
1
1
1
A
I
fALH tALs fALH laLs trw tCEA I 1CEA
1
1
ALE { |
1
S |
|
R IDCBSYR1 RC. I IDCBSYR1
. 1
e Vi ‘!1 : i VI
. o e R A VAV AV
1
tps |t tps|toH tos|ton ths|ton tos|t tps |t tps |t t I tps|t !
DS |toH ps|toH tps|{toH ®os|tH tps|toH DS |toH DS |toH RR|_|tpea | Ips|ton RR| ltrea
{ 1
CAD ¥ cas PAD VA PAB Y | Dout\fPoutl 1% Daut
Vo % 00h )% to 7 %mﬂ %( to 7 %nﬂs ( 30h a 31h o 1 ., [Bout | 31h ]
Column address Page address ;7'4’: Pgge address
Page address M | M+1
_ [ T
RY /BY + r 1 1
Col. Add. 0 | ! Col. Add. 0
1
1
1
1

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

Continues to m of next page

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

tcLR — {el;] cIR
CLE 7
tciH ; ] tcLH
tcls [ ) fcls
| tey tey tc

1
1
1
|
T

WE :
! tCEA SlicEA tCEA
1
1

ALE :
H IDCBSYR1 e IDcBsYR1 IRC DCBSYR1 . IRe,
1
1 1 1 twe | '
! W I U b - U
: IRAle »le 5| IREA IRR tREA e 1RR e k| IREA
1 r
1 }

ou ou ou ouT ou ou
, AN AN A A 3n AN
1 Page address "' '
: Page address M + 1 M2 Page address M + x
{{

T T

— | | [ ! ) . v

RY/BY I \J  colAdd.0
: Col.Add. 0 Col. Add. 0
1
1
|I| 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)

CLE

tcis toH

s

fcs

fclrR

]‘tCLS toL|

fcy

V7

|V WY e

I
{CEA |
WE ;
vou Uy oyu oy :
1
fALH ta s taLH, tALS ]
1
1
ALE i
tr RC :
od
RE twe 0
L T\_/_
IDs|/toH  'Ds|iDH WDS|bH DS|IDH DS|ibH  Ds|iDH RR| | tpea !
1
1
CAD CA8 PAD PAS oun/Dout O
Vo 00h 07 f\to 11 e to 7 K\ to 15 30h A Mar1 Ha
1
Page address Page address
P P
RY /BY | l

Continues from of next page

Column Address Change in Read Cycle Timing Diagram (2/2)

CLE

o

i

=

!

-
L

=

lor
o]

I

thLS toriH
cH

1
: tes teH ics .
== |
=i A B2 A/ A 2 N, W\
1 f -~
H RHW twe _L_.EA
L
WE 1 I.Ilf { i \ i'i
1
! tarH  tars tarH, _tars
1
1 \
ALE 1 ||—I
1
]
_(E twWHR rC,
L
/ \ !
1 - LR
RE ;\_7 Ry \J
' lpsloH Ips|lon  tos|lod ips|toH tREA
] Eoy— \ y" \
ou 2 can CAS DouTt DC,U-|—>_,-3 DouT
uo-{l . \GSh 2 oAD o th#, 2 B2 e TN
: Column address Page address
1 B P
—_ []
RY /IBY :
: Column address
1 B
1
1
1
1
Continues from of previous page
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Data Output Timing Diagram

CLE J |
tcis | toH
ics tcH

tALH

ALE %

< tRe . tcHz
trp treEH trp trp tRHZ
e I U S
t f
cEa N R a5 tps | toH
. trEs . | LRLOH n | [FLOH
1o Dout Dout W/ Dout ommand
IRR iRHOH tRHOH

RY/BY
]

Auto-Program Operation Timing Diagram

fCLs
CLE 1
fcus | tolH

lcs fcs

ALE

10h X 70h m

Column address
N

_ T f—
RY /BY 1 ]

ﬁ - Do not input data while data is being output.
P27 - Vinor Vi

*) M: up to 2175 (byte input data for «8 device).
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Auto-Program Operation with Data Cache Timing Diagram (1/3)

=Y JITCS o @A m '%

tALH f
tals tDcBSYW2 5
tals [WB ’ E
ALE
¥
L6 i
3
tns oS
s{ oy fogtoH _Jion toH
_ N -
Z A caoWeas\eao\ pas 1% )
E D | .
o 7| "fﬁ 107 Mo 11 A to7 Mo 15 ' 'f.-:fo,-'- \ 15h £0n

I

Dyn2175

RY /BY

[ - oo not input cata while data is being output.

P77 < Vi or Vi

CAOD to CA11is 0 in this diagram.

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

lcLs

e
—
m
—
=
w
lllllll}llll

CLH

‘i
1R

=\ % )

K

taLH u taLH /_\_/_

o
4]

E taLs tals tpcesYW2 E
ALE
_i_ r,(J 17 E
i g
E i :
: Hisk
F0S| oy tos|toH = fion
| . p . . E —
e can\cas\/Pao\/ Pas \ ’ g CAD
Soh%m?*toﬂ to7 J\to 15 i . 3 80h H o7
g \ H
u II =
H Dn2175 H
— = (J \S _!—
RY IBY i . 7 i
e e L =
] Repeat a max of 62 times (in order to program pages 1 to 62 of a block). >

Continued from of last page

B8 - Do not input data wnile data is being output.

TV or vy
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Auto-Program Operation with Data Cache Timing Diagram (3/3)

e {1 e

tds IcLH
I
tcs Ics ’
f%‘ i % /J/ % %
tcH

WE [ \ L\
- Ntarn talH

taLs tals IPROG (*1)
WB
ALE
L0 'y
M 1)

D2175

Iy

RY IBY
B - Do not input data while data is being output.

L2 Vinor v

2

(*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.

Continued from of last page

tproG = IProG Of the 1ast 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 is tprog 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.

e ———
Page 37
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Auto Block Erase Timing Diagram

fclH

=\ Y

fals
ALE

ips

twiB {BERASE

[=]

iDH
PAD Y PAS8 Status

RY/BY _/ Auto Block Erase Start \ / Status Read
Erase Setup command —/ command
command

?ﬁfy‘, M orViL m - Do not input data while data is being output.

ID Read Operation Timing Diagram

Figure 6.12 Random Data Output

CLE _/_\ / ‘.,.rﬂ [\ / T
tCLA

cer T\ 7\ -

tn_ |_tAC

AR
e

I Col. Col. Row Row Row \ X [
VOx .,/fm Add. 1\ Add. 2\ Add. 1 Add. 3\ ) .
Column Address Row Address Column Addrass
i _|—’—T

R _u_ WJ =Don’t Cara

Busy
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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 £ \ 2.7 Vy
25 v, L N 25 Vi
\;\ z1ms
_ e s S s
oV ( 0.5V '. '[]5’\!
Don't Don't Don't |
care /care care
CLE, ALE
ViH
I ViL ViL
wp - 1 ms max 1 ms max
100 ps maxiey, Operation 100 ps max e
{6 :
Invalid g Invalid Invalid
AY "-,-.' /
Ready/Busy /f "'j"‘ % ﬁ

(2)  Power-on Reset

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

| I CEE
Power on \f_E/

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.
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T
X N
Mode specified by the command. Programming cannot be executed.

Command other than
“85h" “10R", “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 fo MSB page Ex.) Random page program (Prohibition)
DATA IN: Data (1) —> Data (64) DATA IN: Data (1) —> Data (64)
\—-* Data register \—-1- 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

:‘Tﬂ
€ o ——
ce \ [\ i
Ve VEVAVAVAVERW \.J
RY/BY \ ; / ! :
: Y EEEEa VAV
Address N Status Read w L= =
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
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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

[ L —) — e —

Address Data Address Data
M input N
@ 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 7777 command, address and data is necessary.

Fail

input

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

Vee
| Ready | Voo
Vee =R

Device — ‘“~ Busy I
RY /BY e "
_1 CL tf

Vee = 33V
Y cc
5 Ta - 25°C
A 1.5 ps [ Cp = 50 pF{ 15ns
if
tr 10 ps— B 10ns

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

We recommend that you use this data as a 1 I l |

reference when selecting a resistor value. 0 1K 2KO 3KO 4Ko
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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

RY/BY !

' ]

tyww (100 ns MIN)

Disable Erasing

RY/BY

e
tywwy (100 ns MIN)

w

RY/BY

P
tyyw (100 ns MIN)

Disable Programming

g
H

W_\

RY/BY —

tyw (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 [\ [
w0\
e W
o ——(Coon }—C M A HC KA <30h>!

—— —  Ignored |
Address input gnore |

RY/BY \;

Program operation

CLE f \

"

Ignored Data input

-

Address input

e ———
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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 Alls

2nd programming Data Pattern 2

4th programming Alls Data Pattern 4

Result Data Pattern 1 Data Pattern2 | --------------mmmmmmmo o Data Pattern 4

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

Please do not perform an erasze operation to bad blocks. It may be
impossible to recover the bad block information if the information 1s
erased.

W — Bad Block Check 1if the device has any bad blocks after installation into the system.
Refer to the test flow for bad block detection. Bad blocks which are
detected by the test flow must be managed as unusable blocks by the
system.

,;//W/ —+ Bad Block A bad block does not affect the performance of good blocks because it is

izolated from the bit lines by zelect gates.

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

MIN TYE. MAX UNIT

Valid (Good) Block Number 2008 — 2048 Block

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

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

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

No
Last Block

Yes

End

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

(14) Failure phenomena for Program and Erase operations

The device may fail during a Program or Erase operation.

The following possible failure modes should be considered when implementing a highly reliable system.

FAILURE MODE

DETECTION AND COUNTERMEASURE SEQUENCE

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

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

* Block Replacement

Apr 18,2020
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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
poee 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 accesszes 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 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 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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P —
—
——-
——-
T
|
Daia \

Retention \\

[Vears] EL

" N e 4 P " " YTy

Write/Eraze Endurance [Cyclez]

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.

e ———
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XTX Technology Limited

BRI X X K KIE 8288 5 KB fF/ME 10 #k 1 &

10# Building, E-Town, 8288# Long Gang Avenue, Long Gang District, Shenzhen, China
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
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