/-\ ™
XS27GO01A Parallel SLC NAND XEMi'IRON

<

2~ ) .
XSeMiTrRON

N

X$27G01A

1Gb (128M x 8), 3.3v, 8 bit ECC

NAND FLASH

XSemitron Technology Inc.

Web Site: www.XSemitron.com
Sales Contact: sales@XSemitron.com
Technical Contact: fae@XSemitron.com

* Information furnished is believed to be accurate and reliable. However, XSemitron Technology Inc.
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 XSemitron Technology Inc. Specifications mentioned in this
publication are subject to change without notice. This publication supersedes and replaces all information
previously supplied. XSemitron Technology Inc. products are not authorized for use as critical components
in life support devices or systems without express written approval of XSemitron Technology Inc. The
XSEMITRON logo is a registered trademark of XSemitron Technology Inc. All other names are the property
of their respective own.

Rev 1.0 Dec/04/2019 Page 1


mailto:fae@xtxtech.com

2 ) .
XS27G01A Parallel SLC NAND XEMi'IRON

CONTENTS

1. GENEral DESCIIPLION ccceeiiiiiiiiiiiiiiiineneetitiiiiiissssssssseseestttiesesssssssssssesssssssssssssssssssssessssssssssssssssssssssessssssssssssssssssssessssssssssssssssnnnnnans 4
7 T ¥ =T 4
3. Part NUMDBEr d@SCIIPLION ......eeeeeeeeeiieiieccccccseereeeeereeese s e s e s ssnnneeeeesesesesssssssssnsseessasssssssssssssnnseeseasesessssssssssnnnseeeessssssssssssnnnnnnennes 5
4. PACKAZE DIMENSION .....uueeeeeeeeeiiiieiiicesssenneeeeeteeeeesssssssssnnneeeeesssssssssssssnnsesessssssssssssssssnnseesessssesssssssssssnnsessssssssssssssssnnssesensesesssssssnnn 6
5. Logic Diagram and Pin DeSCHIPiON ......cueeeeiiiiiiiiiiiiiiiinneneettiiiiiiiiisisssssssststiessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 7
oI R oY - [ol DI ={ -1 1 PP PT P OPRRTOPPRN 7
5.2 PN ASSIENIMIENTES ..eiiiiiie ittt ettt ettt e s e s e bt e e s ar e e e sa bt e e e b e e e s R E et e aRn e e e e b et e e na et e R e e e e e b et e e Re e e s en e e e e e b et e e nreesanneeesreeean 7
SRS I LT DT TY ol o] 1 o] o PSP OP R PPRTRPPI 8
6. BIOCK DI@BIam ...ccuueeeeeiiiiiiiiiiiiiissnneenseniiiiiiisssssssssssessssssssssssssssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssesssssssssssssssssnnannans 9
7. MeMOrY OrZaNiZatiON ....ueeeeeiiiiiiiiiiiiiiiiiiiiiiteieeeeeennessmsssssssssssssssssssssesssssssesssssssnnsssssssssssssssssssssssssssssssessssssnnnnnsssssssssssssssssssssssans 10
NG - VA O 14 == a1 - 1 4] o PP PP PP PUPTO RN 10
A Ve (o [T 1 V-SSP 10
8. AbSolute MaXimuUM RAtINGS ...ccccceiieeeeeiiiiiiiiiiicssssnnneeeeeeseseesssssssssseeseseessssssssssssnnseessassssssssssssssnnnsessessssssssssssnnnnssssanssssssssssssnnnns 11
8.1 ADSOIULE MaXiMUM RATINGS ..uviiiieiiee i eeiiee et e ectee e ettt e e rtteeesbeeeetteeeeaeaeebseeeassaeeaasasesnssseassasenssasesaseseansseeeassaeesstesesnsressnsens 11
8.2 CapaCitanCe *(Ta = 25°C, T = L IMIHZ) .. .uiiiciee ettt ettt e et e e et e e e e ata e e e bt e e s bbee e ataeesabaeesabaeeesteeeassaeesnteeeanstesennens 11
LTV 1T I ] o T ol 11
10. Electrical CharacteriStiCs .......ciiiiveiiiiiiieiiiiiiiiniiiinreisse s sas s as e s e aas e s s s s san e s s s s aas e s ss s snnessssssnsessssssnnensssnsns 12
10.1 Recommended DC Operating CoONItIONS ........uiiiiiiiieie et e e et e e e e e rere e e e e e sabaaeeeesesbbaaeessessseneeseesssreeeesanes 12
10.2 DC Characteristics (Ta =-40 10 85°C, VCC = 2.7 10 3.6V ) teeouieuieirierecricteeete et eete et ettt et steetesteenbeeteenbeesseebesasaereeneesaeeneas 12
10.3 AC CHARACTERISTICS AND RECOMMENDED OPERATING .....cttitieriieeiieesiieeiteesiteenieesieesbeesisessseesssessseesssssnsesssessnsessssessessens 13
10.4 AC TESE CONITIONS c.eetieeiiieeeitt ettt ettt ettt e ettt e e sttt e s bt e e s bt e e e sabeeesubteesabeeeeabee s abaeesabeeeeasbeesnseeesabeeeensbeesansaeesaseeesnbenenans 14
10.5 Programming and Erasing CharaCteriSTiCS ......cuiiiiiieeeiiicciiee ettt e e eteeectte e st e e e st e e eetvae e sbae e e tbeeeessaeesabaeeanssessassaeesaseeassseannns 14
HLO N D | = I O 101 o 11 | S PP RO PPPPPPPPP 14
11. Mode Selection and COMMANd taBIES ........cuuiiiiiiriiiiiiirtiiiiietiiiintriecseeeissssnsssssssssssssssssnsasssssssssssssssnsasssssnsssssssansasssssnnes 15
12, DEVICE OPEIatiON ..cciiiiiiiiieeeeeiieeeeeeesiiesisssseseseeestteteeeseeeannnssssssssssssssssssssssssessssaseeesssannnnssssssssssssssssssssssssssssssssesssssnnnnnnssssssssssss 17
12,1 REAM IMOTE ...eentie ittt ettt ettt e ettt e et e e st e e sttt e s bt e e e sabeeeeabe e e s astee e st e e e aabeeesasbeesabeeesanb e e e aaseeesabbeeenbeeeaaseeesabeeennnreesnneas 17
12.2 Random Column Address Change in REAA CYCIE .....ccccuuiiiciie ettt e eete e et e e e ta e e e ate e e sabeeeentaeessaaeesssesesaraeennns 18
12.3 Read Operation With REAA CACE ......cc.uiiieiie ettt e et e e st e e et e e s e ate e e eabaeesabteeesteeesasaeesbeeeensteeeansaeesseeann 19
12.4 AUTO Page Program OPEration ......uuuiiieiiiiiieiiiiieeiesieseseseiiirer et et e e e eeeeeeeeeeeeesesesssssssassssseesatareaeeeaeteeasasesesenessssssasssssssnsennne 20
12.5 Random Column Address Change in Auto Page Program OPeration ........cccccccueeeeiieeiiiieeeiiee e e sreeeesire e esvaeeesreeeerne e e 21
12.6 Auto Page Program Operation With Data CaChE ........ciicuiiiiiiie ettt e e e te e e st e e e tb e e srt e e e s ateeeentaeesanaeas 22
A T L o] o VA PSSP RR 24
12.8 AULO BIOCK EF@SE ..eiiuviiieiiiiesiiesitesitesteestee et esteesabeesatesateesaeesnseesseesabeesseesabaesssesabeessseenseenseesnbeenasesabeesnsesaseeseseenseensassnsannsnesnte 26
e | =T Vo PO P R PRSPPI 26

Rev 1.0 Dec/04/2019 Page 2



2 ) .
XS27G01A Parallel SLC NAND XEMi'IRON

12,10 STATUS REAM ...ttt et st ettt et e b et s bt e s b e e st e e s b b e e bt e b e e e bt e R e e e bt e s Ra e s ab e e s ra e e bt e s ra e e reeeneesane 28
0 =] PP 30
13, TiMINEG DIABIramMS c.uuuuiiiiiiiiiiiiiiiiiiiiitienttessssssesssssssssssssssssstsesttrmeressssssssssssssssssssssssssssssssssstssssessssssssssssssssssssssssssssssssssssssssssssnssns 32
13.1 Latch Timing Diagram for COmMmand/Address/Data ........cccecveieieierieieireeesiesestessesesaesseseseseeseeseesessessessessessessessessensenes 32
13.2 Command INput Cycle TIMING DI@BIam ....cccueirueeiiierierite sttt etee sttt et et ee st e sete st e e s beesbeesbee s beesaeesabeesatesaseesbeesnneesseesseesneenane 32
13.3 Address INput Cycle TimMING DIABIram ...c..coocueerierieeriieeieeit ettt et et e st sbee e bt e be e s b e e bt e sabe e bt e sat e e bt e saseebeesasesnbeesaseeseesanes 33
13.4 Data INput Cycle TimMING DIABIram ....c.ceceeiiteeeieeieesteetee sttt ettt et e st e st e sheesabe e s bt e s bt e s bt e sabeesseesabeesaeeeaseenbeeeaseeseesabeenaeenareas 33
13.5 Serial Read Cycle TIMING DIGBIam ....cecueerueeiieerieerittertte et et e st steesiteestee sttt e bt e sae e s bt esaeesabeessteeaseesbeeeabeenseesabeesneesaseesseesaneenne 34
13.6 Status Read Cycle TiMING DIaBIam ....cec ieiueeeieeieeeteertee st et e sttt et e et e e bt e sabe s bt e sate e bt e saee e beesaeesabeesabesabeesabeeseesneeenbeesanenareas 34
13.7 Read CycCle TimING DIGBIam ..c.c.ceiueereeeieeriteeiteesite et ee st e st esatesbeesbee e b e esbe e s bt e aeesabeesateeaseesbeeeabeesseesabe e seesabeessbesaseesbeesnneesees 35
13.8 Read Cycle Timing Diagram: When INterrupted DY /CE ........ooivieiriiiiisese ettt sse st te e seestestesaesseseaens 35
13.9 Read Cycle with Data Cache Timing DIagram (1/2) ....cccceieirerieereiestesestestesteste et e et et esessessessestessessessessessessensensensenees 36
13.10 Read Cycle with Data Cache Timing DIagram (2/2) ...ccecueeeeeirirertstietestesteste e saeste e e see e eseeseeseesessesseesessessessensessessensen 36
13.11 Column Address Change in Read Cycle Timing DIiagram (1/2) c..cuccevcieeriererierierierieeeeeieeeeeesseeressessessessessessessesensensenees 37
13.12 Column Address Change in Read Cycle Timing DIiagram (2/2) ..cuecevveiriereriiniesierierieeeneeeeeeeese e ssesessessestessessesensensenees 38
13.13 Data OUutPUL TiMING DIGIam ....cciicreeiiiiieiiie ittt ettt e et e s e e e st e e e b e e e s sr e e s ambee s e be e e ssneesanaeesanreeesnnneesneeens 39
13.14 Auto-Program Operation TimMiNg Diagram ...c.ccui i ieiiiiieeiiie ettt ettt e s e e e e s snr e e s e re e e sne e e s naeesenneeesaneeas 39
13.15 Auto-Program Operation with Data Cache Timing Diagram (1/3) ..ccecerieieieieirire et ste et see e sne s 40
13.16 Auto-Program Operation with Data Cache Timing Diagram (2/3) ...cceoeeiririireeiresese e seeste et see e s s 41
13.17 Auto-Program Operation with Data Cache Timing Diagram (3/3) .c.ccecerieiririeeeeertsesese ettt see e e s 42
13.18 Auto BIOCK Erase TimiNg DIGBIam ...cc.eeiuierueeriieieeeiteeteeste st e st e et e e sttt e bt esuee s bt esatesabeeshee e st esbeeeabeesseesabeesasesaseessneeseesseeans 43
13.19 ID Read Operation TimMiNg DIQIam ......c.ceiiueiieeritierieesietertee st s bt e st e sbeesttesbe e s bt e s beesseesabeesseesateesneeease e beeeaseenseesaseenneesanean 44
14. Application NOtes aNd COMMENLS ......ceeiiiiiiiiiiiiiiiiinettetiiiiiiiiisssssstettttiissssisssssseettstsssssssssssssssssssssssssssssssssssssssssssssssssssssss 45
15. REVISION HISTOIY ....ciiiiiiieiiieeeeeeeneiiiiisiiiiiiiieiieeniiseeeeeseesnnmsssssssssssssssssssssssssssssssssssssessnnensssssssssssssssssssssssssssssssessessssssnnnnnnnssssssss 54

Rev 1.0 Dec/04/2019 Page 3



2 ) .
XS27G01A Parallel SLC NAND XEMi'IRON

<
1. General Description

The XS27GO01A is a single 3.3v 1Gbit NAND Electrically Erasable and Programmable Read-Only Memory (NAND
E2PROM) organized as (2048 + 128) bytes x 64 pages x 1024 blocks. The device has a 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 XS27GO01A is a serial-type memory device which utilizes the I/0 pins for both address and data input/output as
well as for command inputs. The Erase and Program operations are automatically executed making the device most
suitable for applications such as solid-state file storage, voice recording, image file memory for still cameras and
other systems which require high-density non-volatile memory data storage.

2. Features

> Single Level per Cell (SLC) Technology
» ECC requirement: 8bit/512Bytes
> 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
1004 block (min) ~ 1024 block (max)
> Modes
Read, Reset, Auto Page Program, Auto Block Erase, Status Read, Page Copy

» Access time

Cell array to register: 25us (max)

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

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

Auto Block Erase: 2.5 ms/block( typ.)
> Reliability
10 Year Data retention (Typ)
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3. Part number description

XS 27G 01A BG1I

-
q)

Vendor
PN : XSemitron

Product family
27G :3.3v Nand

Nand Density/Org
01A : 1Gb /x8; 8bit 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)
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4. Package Dimension
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5. Logic Diagram and Pin Description

5.1 Logic Diagram

VCC VCCQ

CE$ —=(C :::> 1/01~1/08
WE# ——(
REg O [O—H/B#
ALE
CLE

WP§ ————

V85 V5SSO

5.2 Pin Assignments

Ball down , top view

1 2 3 4 3 [

SERZICICE ICIC
JENCICITIONOK
: ..@...

BGAZ4, 6x8x1mm, ball pitch 1.0

. Supply O Ground

2~ ) .
XSeMIiTrRON
<
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5.3 Pin Description

Pin Name Description

1/01-1/08 (x8) | Inputs/Outputs. The I/0 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 1/0 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#.

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:

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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6. Block Diagram
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7. Memory Organization

7.1 Array Organization

Schematic Cell Layout and Address Assignment

The Program operation works on page units while the Erase operation works on block units.

Data Cache| .- 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

Page Buffer| .-2048

P 1 block = 2176 bytes x 64 pages = (128K + 8K) bytes
' Capacity = 2176 bytes x 64pages x 1024 blocks
I T
} 64 Pages—1 block
65536 :
pages | ! :
1024 blocks : ;
’,’I- o T ------- /I
LLe : < 8I/O
2176
An address is read in via the I/O port over four
consecutive clock cycles, as shown in Table 1.
7.2 Addressing
1/08 1107 1/06 /05 /104 1/03 1102 1101
First cycle CA7 CA6 CA5 CA4 CA3 CA2 CA1 CA0
Second cycle L L L L CA11 CA10 CA9 CA8
Third cycle PA7 PA6 PA5 PA4 PA3 PA2 PA1 PAO
Fourth cycle PA15 PA14 PA13 PA12 PA11 PA10 PA9 PA8

CAO to CA11: Column address
PAO to PA15: Page address
PAG6 to PA15: Block address
[ PAO to PA5: NAND address in block ]
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8. Absolute Maximum Ratings

8.1 Absolute Maximum Ratings

SYMBOL RATING VALUE UNIT
Vce Power Supply Voltage -0.6 to 4.6 \
VIN Input Voltage -0.6 to 4.6 \Y;
Viio Input /Output Voltage -0.6 to Vcc + 0.3 (< 4.6 V) \%

Pp Power Dissipation 0.3 w

TsoLDER Soldering Temperature (10 s) 260 °Cc

TstG Storage Temperature -55t0 150 °c
TopPr Operating Temperature -40 to 85 °C

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

SYMBOL PARAMETER CONDITION MIN MAX UNIT

CIN Input VIN=0V — 10 pF

Cout Output Vour =0V — 10 pF

* This parameter is periodically sampled and is not tested for every device.
[
9. Valid Blocks
SYMBOL PARAMETER MIN TYP. MAX UNIT
Ny Number of Valid Blocks 1004 — 1024 Blocks

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

operations, and this may be decreased with two plane operations.
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10. Electrical Characteristics

10.1 Recommended DC Operating Conditions

SYMBOL PARAMETER MIN TYP. MAX UNIT
Vce Power Supply Voltage 2.7 — 3.6 \")
VIH High Level input Voltage Vce x 0.8 — Vce + 0.3 \"
ViL Low Level Input Voltage -0.3* —_ Vece x 0.2 \Y

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

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

SYMBOL PARAMETER CONDITION MIN TYP. MAX UNIT
L Input Leakage Current VIN=0VtoVcc — — +10 pA
ILo Output Leakage Current Vout=0VtoVcc — — 10 pA
Icco1 Serial Read Current CE# = VIL, louT = 0 mA, tcycle = — — 30 mA
Icco2 Programming Current — — — 30 mA
Iccos Erasing Current — — — 30 mA
Iccs Standby Current CE# = Vcc-0.2 V, WP# = 0 VIVcc — — 50 1y
VoH High Level Output Voltage |loH = -0.1 mA Vee - 0.2 — — \'
VoL Low Level Output Voltage loL = 0.1 mA — — 0.2 \"
I .

oL Output current of RY/BY pin |yo -g2v _ 4 _ mA

(RY/BY)

Rev 1.0 Dec/04/2019 Page 12
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10.3 AC CHARACTERISTICS AND RECOMMENDED OPERATING

(Ta =-40t0 85°C,VCC = 2.7 to 3.6V)

2 ) .
XSeMiTrRON

<

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
tps Data Setup Time 12 — ns
tpH Data Hold Time 5 — ns
twc Write Cycle Time 25 — ns
twH WE# High Hold Time 10 — ns
tww WP# Highto WE# Low 100 — ns
tRR Ready to 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 ALELowto RE# Low 10 — ns
tRHOH RE# High to Output Hold Time 25 — ns
tRLOH RE# Low to Output Hold Time 5 — ns
tRHZ RE# High to Output High Impedance — 60 ns
tcHz CE# High to Output High Impedance — 20 ns
tcsp 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
tR Memory Cell Array to Starting Address — 25 us
tocesYR1 Data Cache Busy in Read Cache (following 31h and 3Fh) — 25 us
tbcBsYR2 Data Cache Busy in Page Copy (following 3Ah) — 30 us
twe 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.
Rev 1.0 Dec/04/2019 Page 13
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10.4 AC Test Conditions

CONDITION
PARAMETER
Vce: 2.7 to 3.6V

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

Input comparison level Vcc /2
Output data comparison level Vcec /2
Output load CL (50 pF) +1TTL

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

10.5 Programming and Erasing Characteristics

(Ta = -40 to 85°C, Vcc = 2.7 to 3.6V)

SYMBOL PARAMETER MIN TYP. MAX UNIT NOTES
tPrROG Average Programming Time — 300 700 us
tpcBsyw?2 Data Cache Busy Time in Write Cache (following — — 700 us (1)
N Number of Partial Program Cycles in the Same Page — — 4
tBERASE Block Erasing Time — 2.5 5 ms

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

10.6 Data Output

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

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

The operation modes such as Program, Erase, Read and Reset are controlled by command operations shown in
Table 2. Address input, command input and data input/output are controlled by the CLE, ALE, /CE, /WE, /RE and
/WP signals as shown in Table 1.

Tablel. Logic Table

CLE ALE CE WE RE wp '

Command Input H L L R T H =
Data Input L L L o I 7 H H
Address input L H L 1 H =
Seral Data Output A L L H et i
During Program (Busy) o * * 3 + H
Duning Erase (Busy) i * * * * H

* % H * + s
Dunng Read (Busy)

a4 * L H{(*2) H (*2) *
Program, Erase Inhibit * = * * * L
Standby z X H i ¥ 0ViVee

H: VIH, L: VIL, *: VIH or VIL

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

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

Status Read command can be input during Read Busy.
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First Cycle Second Cycle Acceptable while Busy
Serial Data Input 80 —
Read 00 30
Column Address Change in Serial Data Output 05 EOQ
Read with Data Cache 31 —
Read Start for Last Page in Read Cycle with Data 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 — N
Reset FF — N
HEX data bit assignment
{Example) Serial Data Input: 80h
|
' s b 5 & ™
0|o0|j0j0f(0)|0
3 5 4 3 2 1M

Table 3. 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
Rev 1.0 Dec/04/2019 Page 16
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12. Device Operation

12.1 Read Mode

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

cae [\ [\

= \ A AP PP T2 A B B

LAVARVIAVAVAVAW

ALE / \ \
RY (BY Column Address M Page Address N ‘\ Busy [ R

o —oom}—_ A A e MM Mi2)—- -

Page Address N

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

M m
Data Cache | 1 - : Cache via Page Buffer starts on the rising edge of WE inthe
[ 30h command input cycle (after the address information has
Page Buffer | :.- | been latched). The device will be in the Busy state during this
transfer period.
Select page—b ..".."f{f}f{k’f{f{f{!{!{f}!fff FFFFFFE, p

:[: Serial data can be output synchronously with the RE clock
from the start address designated in the address input cycle.

N m} Cell array After the transfer period, the device returns to Ready state

1101 to & m= 2175
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12.2 Random Column Address Change in Read Cycle

ae / \ [\ [\ ]\
=\ARBAA 72 AR ABAAAL AAALN

Start-address input Start from Col. M Start from Col. M
M M During the serial data output from the Data Cache, the column
| N address can be changed by inputting a new column address

[, # L2 f using the 05h and EOh commands. The data is read out in serial

| E ] starting at the new column address. Random Column Address

I Change operation can be done multiple times within the same
SEIEC:I page__,| .-}r.r.-'.ﬂ FFELLLTLEFELTTLIFIEELT TSI page.
T
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12.3 Read Operation with Read Cache

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

CLE_/_\ /—\ f_\ /_\ /_\
CE\%BME% Al A Al A Al A

%
-y
-
e
| 2

Col. M PageN Column@ PageAddress N Page Address N + 1 Page Address N + 2
Data Cache
 — el T |:|r:'>PageN 1 e Page N -2
Page Buffer G@% TN — @ l:>< : )
Cell Array PageN Page N+ 1 g

Page N+2 . @

30h 3h& RE clock Jth& RE cdlock IFh& RFE 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.
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12.4 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 ﬂ
=\ A LAl B 40000 FFTD
LAVAVAVAVAVARRVAVAVA' \/
ALE / \ . -,
. ” | J

1o ~oH Y OOHOHem)or o)

Col. M Page P Data
Data input The data is transferred (programmed) from the register to the
Program Read& verification selected page on the rising edge of WE following input of the
Selected “10h" command. After programming, the programmed data is
e transferred back to the register to be automatically verified by the
page 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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12.5 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.

D080 000,00 88,000,020 (A

L ¥ \—‘\(—) \_Y_J
Col.M PageN Col. M BUSY
Col. M Col. M

o _4

Datainput [ ™ T ]
[

ngramk j Reading & verification
Selected [ = o
page 7 s,
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12.6 Auto Page Program Operation with Data Cache

The device has an Auto Page Program with Data Cache operation enabling the high speed program operation shown
below. When the block address changes this sequenced has to be started from the
beginning
CLEﬂ /_\_ﬂ ﬂ e TN ) A A
= } IIIISMHBHBWA
l’\LE_.l \ Al \ [lr thill \ (' \
= v} } Vo \
RY /BY 45 4 o
Ufocasvwz \_/ 1Dcasvw2 lPRoe (NOTE}

Page N Status Output Page N+1 Status Output Page N+P @ @ Status Output

Data Cache —[DataforPage N ] “ I; ] ( ; 2 Dala for Page N @I ala for Fage N+ F) 1
1
for Page N+ 1

Page Buffer @ [[Data fér Page N | [ % 1 [ ]

(!'JI\

Y
r 4 A} i A\
l N J
Cell Array Page N plbininiiidn)  [elleeiiiednd el | | . @ @
Page N + 1
R
Page N-P -1 Page N +P

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. Datafor 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 1/02 are valid under the following conditions.

. Status on I/01: Page Buffer Ready/Busy is Ready State.
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The Page Buffer Ready/Busy is output on /06 by Status Read operation or RY / BY pin after the 10h command
. Status on I/02: Data Cache Read/Busy is Ready State.

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

Ezampled
102 => Invalid Page 1 ! Page 1 \ PagaN-2 invalid Page N- 1
101 = Invalid Invalid 1 Page 2 : Invalid invalid Page N
T 1
T i T T 0
@ ) @D 2 O-EDED-E@. Do) ED@ 2O EEIED

| 1

|
Page 1 Page 2 | | PageN-1 Page N
I
A | Fa
RY/BY pin L LJ : | L | |
|
| |
Data Cache Busy < e : : d A

| |

- | |

< ; |

Page Buffer Busy Paged ! '

Page2 | i -
I I PageN-1 &>

|

| 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 Page1 on /02
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12.7 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.

Data output

Col = 0 start

Address input @

Address

Data output

Command @ @
input
Address input @

Address input H Drata input

Address Col = 0 start Address When changing dat,
CAD to CA11, PAD to PA1S CADfo CAN1, PADte PATS . b CAD to CA11, PAD fo PA1S
(Page N) @ (Page M) (Page N+P1) @
®

RY/BY ‘1 | tr ‘1 ’inc.asw.-z ||I ,‘tDCElszz

@ Diata for Page M @ Data for Page N @ Dsta for Pa% M @ ( : ) Data for Pege N + P1
G | | I L1 L1

)

e e i =

Page Buffer

Cell Array
mesesy Page M LAY

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

Copy Page address M is input and if the data needs to be changed, changed data is input.

Data Cache for Page M is transferred to the Page Buffer.
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
EELT ST S S GO [T p € RO I €Y
Address i ; Address Col = 0 start Address Col = 0 start
=n changing data.
| CAQ to CAT1, PAO to PA16 \

{Page M+R1) @ (Page N+P2)

(Page N+Pn) } @
BYIEY @ \_)/t{)casxfwz @

toessvyrz \__[ tocesvrz

GADto CAT1, PADto PATE o il CADloCAﬂ,PADtoPMG)

@ Data for Page M + R1 @ Data for Page M + R1 e Data for Page N + P2 @ Data for Page N + Pn
E !— —1
o %

Page Buffer 1

Cell Array Page M + R1 N
Page M PPN

Page N + P2 FFF7rirrii i

Page N +P1 Py

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.

The data in the Page Buffer is programmed to Page M + Rn — 1. Data for Page N + Pn is transferred to the Data Cache.
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Command
input
Address input |—| Data input

Address
CAD to CA11, PAD to PA1E
(Page M+Rn)

_® \ ;
RY/BY terog (*1)

Data for F'age M+ Rn @ Data for Page M + Rn
Data Cache

Page Buffer I:I
C E Page M + Rn [TTITITTTTITIIY D
Page M+ Rn -1 S

AR DOOOINNIIINNN

Cell Array = e = ==
TFTTFTTT i i
T TS E TS LTI LTS LTSS
A s = A

Copy Page address (M + Rn) is input and if the data needs to be changed, changed data is input.
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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12.8 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
Block Address  Erce Start Status Read \Igi]
input: 3 cycles command command
RY/BY \ Busy /

12.9 ID Read

The device contains ID codes which can be used to identify the device type, the manufacturer, and features of the
device. The ID codes can be read out under the following timing conditions:

W -

ALE

[\

Al

tReA|
/ \ I \ \ f \ [ ses \ [ see \ [ see \
L \ 2 / \ e / 88h | \ Fih | \table 5/ \table 5/ \table 5/
ID Read Address 00 Maker code  Device code 3rd Data 4th Data 5th Data
command

Table 4. Code table

Description 1108 1107 1106 1105 1104 1103 1102 1101 Hex Data
1st Data Maker Code 1 0 0 1 1 0 0 0 98h
2nd Data Device Code 1 1 1 1 0 0 0 1 F1h
3rd Data Chip Number, Cell Type 1 0 0 0 0 0 0 0 80h

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 0 1 0 72h
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3rd Data
Description 1108 1107 1/106 1105 1104 1103 1102 1101
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 0
4th Data
Description 1108 1107 1/106 1105 1104 1103 1102 1101
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
1/0 Width x8 0
x16 1
Reserved 0 0 1
5th Data
Description 1/08 1107 1106 1/05 1104 1/103 1102 1101
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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12.10 Status Read

The device automatically implements the execution and verification of the Program and Erase operations. The
Status Read function is used to monitor the Ready/Busy status of the device, determine the result (pass /fail) of a
Program or Erase operation, and determine whether the device is in Protect mode. The device status is output via
the I/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 5.

Table 5. Status output table

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

1102 g;;pféatus B o 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
/OB ‘Ready: 1 Busy: 0 iRea«d\,\,';’E‘iusy iReadyIBusy iRead;.n’E?'usy\,'

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

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

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

o :,{8113 e /xl i l// e f//|~’/ i
RY /BY . P . .

RY/BY \ Busy
CLE / \

v/
Can \ [ ) /

Vo { 70h }

g
QL
aC

Status on Device 1 Status on Device N

System Design Note: If the RY / BY# pin signals from multiple devices are wired together as shown in the diagram,
the Status Read function can be used to determine the status of each individual device.
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12.11 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

Internal Vpp

—

—

RY/BY

trsT (max 10 ps)

When a Reset (FFh) command is input during erasing

@

P
B2

Internal erase
voltage /

RY/BY \

trsT (max 500 ps)

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

RY/BY \

tneT fmax & usl

When a Reset (FFh) command is input during Ready

& Cod—

RY/BY \

trsT (Max 5 ps)
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When a Status Read command (70h) is input after a Reset

S
T ————_ /O status: Pass/Fail — Pass

CEED

b T
A - Ready/Busy — Read
RY/BY —\—/ . - y

When two or more Reset commands are input in succession

(1 (2) (3)

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

13.1 Latch Timing Diagram for Command/Address/Data

77 /
Setup Time Hold Tim

W \ i

CLE

_/}’(

REJ

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

7, %7 77
7 % : é

M or VL
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13.3 Address Input Cycle Timing Diagram

~ lois 1CLH
icH ics twe tcH
| tcs = . :
CE
% D) %
. twe tWH  twp twH twp WH twp
WE / ) / \ /
/_\l\_/ A /]
. taLs talH
ALE )L l
DS | tDH tbs | tDH s | toH tDs | DH

Vo

CAOtoT7 ¥
7

13.4 Data Input Cycle Timing Diagram

CABto 11 %

Vigor VL

) tois foiH
CLE m
¥ fJEJ ﬁ
. fes tcH tes e
=) 2\ %
o, & e A
taLs tALH

7

o

D
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13.5 Serial Read Cycle Timing Diagram

fRe
M /} t
trP 1REH trp | trp CHZ
RE 3 f ! i : 4
\—/ trRHZ \_/} trRHZ tRHZ
4
REA truon|  |fREA trHO IREA tRHOH
tcea — tcepn, | ————
o - ]
trr

: VFH or Vﬂ_

13.6 Status Read Cycle Timing Diagram

for

= 1, [

twp fcea
WE / tenz
\l: tWHC

BWHR

ﬁ N .

tps | toH R
| *
tReEA IRHZ
Status
* 1
[[e] T0h V output

RY [BY /

SVIH or Vi

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

fcLR

CLE_.i toLs toLH) lt(:Ls mLHW

tcs  |tcH ics

=LA AAA A
=\ YUY\

talH tals tAlH fALS

[

ALE ] 1
iR RC.

L2 L Eﬂf\j
tps |tDH ips|tpH ps|toH tDs|tpH tDs|tDH ips| toH tRR ICEA

il | —
cas W rro VA PAs — REAIDouT\ fDout
to 11 to7 to 15 N N+ 1

| | |

Data out from
Col. Add. N Col. Add. N

RY/BY I

S

el

13.8 Read Cycle Timing Diagram: When Interrupted by /CE

ICLR
>
tcls  toLH tcls  toL ]
tcs fcH lcs fcH
=1 10 B BB B 72 |
twe le»|[CSD
W \J TARC IR IRY \f
tALH TALs falH  tALs
ALE ’L }i ]
'R RC . tchz
RE twa L / Jﬁ ]{t
{RHZ
Ips|toH Ibs|'pH tps|tbH IDs|DH IDs|tDH tps|ibH trR [CEA tRHOH
& . | tREA| e
7 7 Y CAD ¥¥ CAS8 | PAD PAB Doutl_fDoutl__
o2 /J//ﬁ o7 to 11 to7 to 15 At N HN+1
| | I
Col. Add. N Col. Add. N
RY/BY i J
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13.9 Read Cycle with Data Cache Timing Diagram (1/2)

2~ ) .

XSeMITRON

<

tolr H fcLr
1
CLE ]{ \ 1 \
oL fcLH fCLH| I fcLH
1CLS el cLs |ICLS s 1 ICLS e
= tcH | feH Za tcH —b—ig—H
Ics tcs fcs S
s = 1
= /W) 7 7 b b b o7
twe :
1
= UYL f v
- i
fALH tALS fALH taLs Rw 1CEA : tCEA
1
ALE :
N N !
R IDCBSYR1 Rc. | DCBSYRI
1
= \ 5 ! '
i /
RE twe twe L : twe L
fps |ftbH Ds|toH tDs|'DH DsS|fDH fDS|tDH fDs |fDH tDs| tDH BR|_Itrea ! DS | IDH RR| ltnea
L 1p
" V ¥ cao VA cas PAD VA PAa If/ / Dout\Dout\ 1% Doyt
Ko % nok ) 07 fhto 11 ok o7 Ko 15 @ 30h 3th \_0 i . NPour | 1h 0
Column address Page address _—'—’: Page address|
Page address M | M+1
— [l ¥
Rv/BY T r Col. Add. 0 : | T Col.Add.0
1
1
1
1

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

Continues ta m of next page

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

t

CLR
1
44— t

cLR

tein

icLR

(R

i,

=_J ) A h b A
1 Jr]
1
1
1 .
T VT
WE : \_/ I \ ]
: 1CEA icEA tCEA
1
1
ALE :
H tocBsYRI e IocsyRI tre IDCESYR1 . IRC
1
= 1 t t 1 '
w[) e 'qu/J&IM = J{ﬂf’u = L/JHJHH
1
{ps{ioH Ips foH
i tRRle Ll | IREA | "R trRea | TRR |k IREA
1
/ 0 0 ouT\Pout o] 0
1o 0 1 0 1 Dour, 3Fh 0 1
Page address P
Page address M + 1 + Page address M + x
{3
oy ! ! 1 I} Y | )
sl LT coladeo
Col. Add. D Col Add. 0
Make sure to terminate the operation with 3Fh command.
Continues from |I| of previous page
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13.11 Column Address Change in Read Cycle Timing Diagram (1/2)

fClR
1
CLE f T 1
fols toH |iCLs fCLH ]
! 1
fcs  |toH tos tey \

1
= )\
% D D b b 777 | D D

IC
- {CEA !
WE ;
v U Uy Uy \y i
1
la, fALS tAlH, tALS i
1
1
ALE :
1=} tRC :
id
= = L M

IpsitoH  tps|ibH tps|toH tps|ibH tos|tod  tDs|toH RR| | tpea :
1
1

CAD CA8 PAD PAS ouTyLouTy gD

e 00n to7 to 11 to7 to 15 30h AV sV
1

Page address Page address
P P

RY /BY ) ] l

Column address

H._________ B

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

Column address
B

: ELH
! [ i |
e _E_]T'DLS te ! -FTELS- e
E tos koM tes teH
=, A B A A Bh DA
L twe [ 5=
! \ !
E U Wd Y m\-)
ALE E
:
< U
RE
: L trea
o 45~ D G ) —
; Column address Page address
i B F
RYIBY
|
:
I
i

H

Continues from of last page
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13.13 Data Output Timing Diagram

CLE l 5
ters ton [__
fcs fcH

=2 % %/

ALE ]%

tre toHz
[—
trp tREH trp trp trHz
E \ [ ) — [
I . A .
CEA tps | toH
feea fRLOH | pLOH
o Dout Dout ommand F——
—
IR RHOH tRHOH
. 4
RY /BY }

13.14 Auto-Program Operation Timing Diagram

tcLs I
CLE 1 / / \
fcls  toH L
lcs fcs y
CE 1
A D 97 b
fcH
tALH taLH
[ g
taLs fagis tPROG
we
ALE /
S i ( 7
2] 2J
[q
o \/”
|+
tDH
—
Status
10h ER 700 = outout
Column address
N
Liusl :r, I{
RY /BY 1 1

@ : Do not input data while data is being output.
P72 - Vinor i

*)  M: up to 2175 (byte input data for x8 device).
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13.15 Auto-Program Operation with Data Cache Timing Diagram (1/3)

lcis

CLE o
_Jteis tewn L5 / W \_
tcs tcs ¢

v \W)
tcH
=i Atars \._:"[\_/-\_/-\ tarH F\f

taLs

tpcesyw?2
taLs 5
ALE
L
L {{
— ¥
=
tps
S| oy tpgipH _Jiox
= LA caoWeas \ pao VY Pas Iz
o 7 7\ 80n ffﬁ o7 Mo 11 A\ to7 Ao 15 ""12-'
b
Dp2175
P M
RY /BY

ﬁ : Do not input data while data is being output.

] - Vin or Vi

CAD to CA11 is O in this diagram.

1

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

icLs

o]
{ )
m
&lll (1]
=
%]
(%]
T
—
(YTITT] l%ll i

A
L

o b ﬁ/}’xf%
% o \J MV AVA Ul

taLs tars =)
ALE /
{c

S{ ton  los|t

H (b
o % 80h CAD CAB PAEI PAS
to 7 Mo 11 to7 to 15

L,

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

ey 1

Continued from El of last page

@ . Do not input data while data is being output.

DV or VL
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13.17 Auto-Program Operation with Data Cache Timing Diagram (3/3)

tols i

e _4( tds iCLHj- £ / W \
ics tcg i
=1il4 )\ ﬁ/b/ )\
fcH

L3 _\ _I;tﬂT\_} taH R, .

tals taLs tPrROG (*1)

WB

Il
Din2175

- )
RY IBY A
B - Do not input data while data is being output. ]1_]
o] - Vinor Vi

2

{*1) tprRoc: Since the [ast page programming by 10h command is initiated after the previous cache
Continued from of last page program, the tpro during cache programming is given by the following equation.

teroc = tproc Of the last page + iprog 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/0O 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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13.18 Auto Block Erase Timing Diagram

fclH
fcLs

<

| \ i) \____ 27

Diiiiin. by D77

{BERASE

ALE
7%
il i
= \ /] \__/
ips|tDH
60h F’AUX PA8 Doh Y 70h >—<5ta‘”9>7
s 07 /\to15 ] \ output
__ \ Busy
RY /BY _/ Auto Block Erase Start 3 Status Read
Erase Setup command —; command
command

“ViH or Vi

m - Do not input data while data is being output.

Rev 1.0
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13.19 ID Read Operation Timing Diagram

Icis
CLE
tcLs
fcs | tes  |tew tcEA
= 'E % %/
s
o
— 4 \ ?e'
= _\_/ taLs taLH
tALH tar
ALE }f !\
= \
o toH \
'os tREA |  tREA tREA
Vo 90h { 00h } 88h Fih
ID Read Address Maker code Device code
command 00

V| or VL
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14. 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.

Don't L/
care i
CE, WE, FE ]
CLE, ALE |
| VIH .
— ViL | : | ViL §
WP —— | 1msmax . | I 1 ms max
100 ps max . Operation 100 us max .

Invalid & Invalid Invalid
! P
) /!
Ready/Busy %

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

| Power on I @

Reseat

(3) Prohibition of unspecified commands

The operation commands are listed in Table 2. Input of a command other than those specified in Table 2 is
prohibited. Stored data may be corrupted if an unknown command is entered during the command cycle.

(4) Restriction of commands while in the Busy state

During the Busy state, do not input any command except 70h 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”, Auto Program with Data Cache
Command “15h”, or the Reset command “FFh”.

WE T LI LTI

-

Address input

RY/BY /

If a command other than “85h”, “10h” , “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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Programming cannot be executed.

—GD
\T/ Mode specified by the command.

Command other than

*85h7; "10h, “15h" or "EFh?
(6) Addressing for program operation
Within a block, the pages must be programmed consecutively from the LSB (least significant bit) page of the block
to MSB (most significant bit) page of the block. Random page address programming is prohibited.

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

(7) Status Read during a Read operation

Command @ @ : [A] .
= \_/\
e\ VYV T\

RY/BY \ / 5

" Y AEERAVAVA
Address N

Status Read

command input Status output
Status Read

The device status can be read out by inputting the Status Read command “70h” in Read mode. Once the device has
been set to Status Read mode by a “70h” command, the device will not return to Read mode unless the Read
command “00h” is inputted during [A]. If the Read command “00h” is inputted during [A], Status Read mode is reset,
and the device returns to Read mode. In this case, data output starts automatically from address N and address
input is unnecessary
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(8) Auto programming failure
TR Fal P TN
0 =——=\10) SR (D)
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 m

command, address and data is necessary.

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

Vce
! Re
i aly - Vee
i =R '
- . Busy (0
B —in—» RY /BY " —
—‘ l : tr
Vee =33V
v CC
e Ta = 25°C
L 15 us - CL = 50 pF 15ns
tf
tr 1.0 us |- T = 10ns
This data may vary from device to device. 0.5 ps —1ons
We recommend that you use this data as a T | | |
reference when selecting a resistor value. 0 1K 2KO 3KO 4 Ko
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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

:f.--'.'\
DIN {80 1
:.\--..j
RY/BY |

tw (100 ns MIN)

Dizable Programming

RN

:(F-'_-'\
DIN (80

:\\'-._-’j
"o\
RY/BY —f—

PR

tww (100 ns MIN)
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Enable Erasing

T
J o

RY /BY :
baywy (100 ns MIN)

Disable Erasing

I
®>—

DM
W\
RY/BY ——

tww (100 ns MIN)

(11) When five address cycles are input
Although the device may read in a fifth address, it is ignored inside the chip.
Read operation

Read operation

ae [\ [
&\
= [ A U A W A \_/
/ \
10— )y H X

Ilgnored

Address input

RY /BY \

Rev 1.0 Dec/04/2019 Page 49



2~ ) .
XS27G01A Parallel SLC NAND XSe=MiTrRON

N

Program operation

Program operation

=\

UV aUalalay WaAVAWESS
/ \

o —@—C-O-O-00O OO0

b Ignored
Address input 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 DataPaltem2 | -o-osmimssssoomooonosTooTs Data Pattern 4
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(13) Invalid blocks (bad blocks)
The device occasionally contains unusable blocks. Therefore, the following issues must be recognized:

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

/7777, ~ Bad Block Check if the device has any bad blocks after installation into the system.
Refer to the test flow for bad block detection. Bad blocks which are

detected by the test flow must be managed as unusable blocks by the
system.

Wm - Bad Biock A bad block does not affect the performance of good blocks because it is

isolated from the bit lines by select gates.

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

MIN TYP. MAX UNIT

Valid (Good) Block Number 1004 — 1024 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
Pass -
Block No. = Block No. + 1 Bad Block *1

o

Mo
Last Block
Yes
[ End

Gt B8 No erase operation is allowed to detected bad blocks
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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 oceurs When an error happens in Block A, try to reprogram the
Buffer b \ data into another Block (Block B) by loading from an
memory T Block A external buffer. Then, prevent further system accesses
\?H [ to Block A ( by creating a bad block table or by using
= J another appropriate scheme).
i  Block B
Erase

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

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

(16) Reliability Guidance

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

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

* Write/Erase Endurance

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

* Data Retention

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

Fetention

[Years]

i bl N P " i

Write/Eraze Endurance [Cycles]

* Read Disturb

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

Version No. Description Date

1.0 Initial Release. Dec 04, 2019
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