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2. AC parameter tCLR(CLE to RE Delay, m}r{EOns) is added.
3. [Page28] Only address A14 to A2s is valid/while A to A3 is ignored
--> Only address A14 to A2s is valid-while A9 to A13 is ignored
/
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VA ZRVAN
0.3 (page 30) ) ) Sep. 13th 2001
Al14 and A15 must be the same b\i:t\NQen spuyce and target page
--> Al4, Al5 and A26 mustﬁ)e\the Samg,between source and target page
o N\ .
0.4 New definition of the numberof invalid blocks is added. Apr. 4th 2003

(Minimum 1004 valid bIocT(?aFe\quaréQteed for each contiguous 128Mb
memory space.) ) )

Note is added.

0.5 (VIL can undershoot to -0.4V and VIH can overshoot to VCC +0.4V for Jun. 4th 2003
durations of 2<O\ or Iesé\)/
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Note : For moTe\d\eTatledfeatures and specifications including FAQ, please refer to Samsung’s Flash web site.
http://www.samsung.com/Products/Semiconductor/Flash/Technicallnfo/datasheets.htm

The attached data sheets are prepared and approved by SAMSUNG Electronics. SAMSUNG Electronics CO., LTD. reserve the
right to change the specifications. SAMSUNG Electronics will evaluate and reply to your requests and questions about device. If you
have any questions, please contact the SAMSUNG branch office near your office.
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FLASH MEMORY

128M x 8 Bit NAND Flash Memory

FEATURES

- Voltage Supply : 2.7V~3.6V
- Organization
- Memory Cell Array : (128M + 4,096K)bit x 8bit
- Data Register : (512 + 16)bit x8bit multipled by eight planes
- Automatic Program and Erase
- Page Program : (512 + 16)Byte
- Block Erase : (16K + 512)Byte
- 528-Byte Page Read Operation
- Random Access : 12ns(Max.)
- Serial Page Access : 50ns(Min.)
- Fast Write Cycle Time
- Program time : 200ns(Typ.)
- Block Erase Time : 2ms(Typ.)
- Command/Address/Data Multiplexed 1/O Port
- Hardware Data Protection
- Program/Erase Lockout During Power Transitions
- Reliable CMOS Floating-Gate Technology
- Endurance : 100K Program/Erase Cycles
- Data Retention : 10 Years
- Command Register Operation
- Intelligent Copy-Back Operation
- Package :
- K9K1G08UOM-YCBO, K9K1G08UOM-YIBO :
48 - Pin TSOP | (12 x 20/ 0.5 mm pitch)
- Simultaneous Four Page/Block Program/Erase

PIN CONFIGURATION
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GENERAL DESCRIPTION

The K9K1G0O8UOM is a 128M(134,217 728)x8b|t NAND Flash
Memory with a spare 4.096K(4,194 304)x8bt Jgs NAND cell
provides the most cost-effective solution (t@e solid. state
mass storage market. A program operatlg (can_| bgpeﬂiwmed
in typical 200ms on the 528-byte page ahd an erfﬁe bperatlon
can be performed in typical 2ms on a l@l&\ﬁe\l&lock Data in
the page can be read out at 50ns cy/clﬁtlme peNoyte The I/0
pins serve as the ports for addregs (and da \lnputloutput as
well as command inputs. The on\ch write controller auto-
mates all program and erase/junctloh&lnclud”ng pulse repeti-
tion, where required, and internal'verification and margining of
data. Even the write-inten |V§ systems\can take advantage of
the K9K1G08UOM's extend (ellabll y)of 100K program/erase
cycles by providing ECC(Error_ Corre ing Code) with real time
mapping-out algorithm. The K9K1GO8UOM-YCBO/YIBO is an
optimum solution for large nonvolatile storage applications such
as solid state file storage and other portable applications requir-

ing non—volatll/ty\ <:/>
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/ // PIN DESCRIPTION
Pin Name Pin Function
1/00 ~ 1/07 Data Input/Outputs
CLE Command Latch Enable
ALE Address Latch Enable
CE Chip Enable
RE Read Enable
WE Write Enable
WP Write Protect
R/B Ready/Busy output
Vcc Power(+2.7V~3.6V)
Vss Ground
N.C No Connection

NOTE : Conne(;t\all \Ce and ng pins of each device to common power supply outputs.

Do nof\Le\aQ\Le %C\o\r Vss disconnected.
( AN N ~
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Figure 1. Functional Block Diagram
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Figure 2. Array Organization U\ )
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/ — 1 Block = 32 Pages
pZ (16K + 512) Byte
v
/
/> 1 Page = 528 Bytes
/ 1 Block = 528 B x 32 Pages
256K Pages 1st half Page Regist 2nd half Page Regi /// = (16K +512) Bytes
st hal age Register .
(=8,192 Blocks) | ° = #ree st oy o / 1 Device = 528B x 32Pages x 8,192 Blocks
< = 1,056 Mbits
\ 8 bit
 512B Bytes i\\ 16 ?ytes
: 100 ~1/07
Page Reqister -
—  512Bytes —— 16 Bytes
\\ \\\\\\\ N y
/S~ NN S
1100 1101 /10 2 1103 110 4 /05 /0 6 1107
1st Cyclé™ :\An A1 A2 A3 A4 As As A7 Column Address
N ~N \
2nd Gycle\[\Ae_ )| Ao A1l A12 A13 Al4 A1s5 A1 | Row Address
S (Page Address)
3rc(bxcﬁ?\ Aﬁy A18 A19 A20 A21 A22 A23 A24
Aincycle. | Az | Az *L L L *L L L

[NQtE\:\ébtumg\)Address : Starting Address of the Register.
\\\_:\\O(ﬁ\ Command(Read) : Defines the starting address of the 1st half of the register.
\GIH’Command(Read) : Defines the starting address of the 2nd half of the register.

* Agis set to "Low" or "High" by the 00h or 01h Command.

* L must be set to "Low".

* The device ignores any additional input of address cycles than reguired.
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Product Introduction

The K9K1G08UOM is a 1,026Mbit(1,107,296,436 bit) memory organized as 262,144 rows(pages) by 528 columns. Spare sixteen col-
umns are located from column address of 512 to 527. A 528-byte data register is connected to memory cell arrays accommodating
data transfer between the 1/O buffers and memory during page read and page program operations. The memory array is made up of
16 cells that are serially connected to form a NAND structure. Each of the 16 cells resides in a different page. A bIoc}(ctmsists of two
NAND structured strings. A NAND structure consists of 16 cells. Total 135168 NAND cells reside in a block. The arr@( ngamzatlon is
shown in Figure 2. The program and read operations are executed on a page basis, while the erase operation is éxecmed Grka\hlock
basis. The memory array consists of 8,192 separately erasable 16K-byte blocks. It indicates that the bit by bit g“a\é@ oper\ﬂon IS pro-
hibited on the K9K1G0O8UOM. \ N

/:\\ \\\\\\7
The K9K1G08UOM has addresses multiplexed into 8 1/O's. This scheme dramatically reduces pin (z/ouﬁts\él\d\\all?)gvs systems
upgrades to future densities by maintaining consistency in system board design. Command, address an(& ta are élllwrltten through
1/O's by bringing WE to low while CE is low. Data is latched on the rising edge of WE. Command Latch Enéble( JLE) and Address
Latch Enable(ALE) are used to multiplex command and address respectively, via the 1/0 pln;/”r@é 128M40yte physical space
requires 27 addresses, thereby requiring four cycles for byte-level addressing: column address; “low ngw\ address and high row
address, in that order. Page Read and Page Program need the same four address cycles foIIoWldg the required command input. In
Block Erase operation, however, only the three row address cycles are used. Device operations are sd by writing specific com-

mands into the command register. Table 1 defines the specific commands of the KIK1GO8UOM. S~

The device provides simultaneous program/erase capability up to four pages/blocks. By dividing the memory array into eight 128Mbit
separate planes, simultaneous multi-plane operation dramatically increases program/erase performance by 4X while still maintaining
the conventional 512 byte structure. < /

The extended pass/fail status for multi-plane program/erase allows system softw 7( qU|ckIy |dent|fy the failing page/block out of
selected multiple pages/blocks. Usage of multi-plane operations will b(—;»descrlbéd fur hgr th/réughout this document.

N

\
In addition to the enhanced architecture and interface, the device |nc0rpo@;e§copy b k/program feature from one page to another
of the same plane without the need for transporting the data to and from ;ﬁg/extern\al buffer memory. Since the time-consuming burst-
reading and data-input cycles are removed, system performance for soI( (§tate dl%k‘gbpllcatlon is significantly increased.

/> \\\\\\\// /
Table 1. Command Sets /2
Function 1st. Cycle 2nd. Cycle 3rd. Cycle Acceztuarti)rl:agCBourgyand

Read 1 oohiothy - -

Read 2 50h \ \ ) ) - -

Read ID oon T - .

Reset FI\:‘k(\ - - 0
Page Program (True)® N 10h -

Page Program (Dummy)® 80h \\ 11h -

Copy-Back Program(True)® 00h - 8Ah 10h

Copy-Back Program(Dummy)® 03h 8Ah 11h

Block Erase | )eon DOh -

Multi-Plane Block Erase <]\ 60h----60h DOh -

Read Status 4:\\:\\\\\ ~/ 70h - - o}
Read Multi-Plane Status \\\\\\/\/ 71h® i . o

e\

NOTE : 1. The 00h conﬁand\(!e\ﬂ*@ss{aﬁlng address of the 1st half of registers.
The 01h cnﬁnr‘ﬂgnd*ddmeéftartmg address of the 2nd half of registers.
After dgxa\actkss\on the 2nd half of register by the 01h command, the status pointer is
automaﬁnﬂ&m&e&{\o the 1st half register(00h) on the next cycle.
2. PagéPrograrQ\ﬂ'\rue)\énd Copy-Back Program(True) are available on 1 plane operation.
Page Progrhm(Du}nmy) and Copy-Back Program(Dummy) are available on the 2nd,3rd,4th plane of multi plane operation.
3. The 71h command should be used for read status of Multi Plane operation.
Caution : Any undefined command inputs are prohibited except for above command set of Table 1.

ELECTRONICS



K9K1G08UOM

FLASH MEMORY

Memory Map

The device is arranged in eight 128Mbit memory planes. Each plane contains 1,024 blocks and 528 byte page registers. This allows
it to perform simultaneous page program and block erase by selecting one page or block from each plane. The block address map is
configured so that multi-plane program/erase operations can be executed for every four sequential blocks by dividing the memory
array into plane 0~3 or plane 4~7 separately. For example, multi-plane program/erase operations into plane 2,3,4 arid 5.are prohib-

ited. A~ NN
Figure 3. Memory Array Map A Y
AN \\\ \>
e AN

Plane 0 Plane 1 Plane 2 ~__Plare8_ >,

(1024 Block) (1024 Block) (1024 Block) //('/ (1b];$§ék)/
L L

Block 0 Block 1 Block 2 Block 3
Page 0 Page 0 Page 0 / ~ Page 0
Page 1 Page 1 Page 1 ( ( Page 1
NI
Page 30 Page 30 Page 30 Page 30
Page 31 Page 31 Page 31 Page 31
: A ™ :
/ /
Block 4092 Block 4093 Block 4094 X Block 4095
Page 0 Page 0 Page 0 Page 0
Page 1 Page 1 Page 1 Page 1
Page 30 Page 30 Page 30 Page 30
Page 31 Page 31 Page 31 Page 31
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)/

528byte Page Registers |

| 528byte Page Registers |

| 528byte Page Registers

| 528byte Page Registers L\
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Plane 5 \

N
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Plane 4 N Plane 6 Plane 7
(1024 Block) (1024 Bloz\(k)\\ N~ (1024 Block) (1024 Block)
N\
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Page 0 Page 0 \ Page 0 Page 0
\

Page 1 Page 1 ) Page 1 Page 1
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Block 8188 NS Block 8189 Block 8190 Block 8191
~\
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\
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| 528byte Page Registers |

| 528byte Page Registers |

| 528byte Page Registers |

| 528byte Page Registers
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Pin Description

Command Latch Enable(CLE)

The CLE input controls the path activation for commands sent to the command register. When active high, commands are latched
into the command register through the 1/0 ports on the rising edge of the WE signal.

/N
& (F\\ \\\
Address Latch Enable(ALE) N Ny \
The ALE input controls the activating path for address to the internal address registers. Addresses are latched oh(thé\rlsmq e\ﬁfge of
WE with ALE high. \\\\ %
//’7\\\\ N N,
/TN NN
Ch|p Enable(CE) [ N

The CE input is the device selection control. When CE goes high during a read operation the device is {e\yrned b tandby mode.
However, when the device is in the busy state during program or erase, CE high is ignored, and does\no’rfétu}(n the device to

standby mode. / /,J N T

L

Write Enable(WE) U\ )/)
The WE input controls writes to the 1/0 port. Commands, address and data are latched on the rlsmg\edgevéf the WE pulse.
The WE must be held high when outputs are activated.

Read Enable(RE) A /\
The R RE input is the serial data-out control, and when active drives the data ontoﬁpé\? bus. Data is valid trRea after the falling edge
of RE which also increments the internal column address counter by ope N\ /

SO \ V) /

.
NN

\
/O Port : /100~ 107 SNV
The 1/0 pins are used to input command, address and data, and to oug(JL{ da ta?iurihg read operations. The 1/O pins float to high-z
when the chip is deselected or when the outputs are disabled. \ g /
/> /> AN /
Write Protect(WP) /;/
The WP pin provides inadvertent write/erase protection during péWer transitions. The internal high voltage generator is reset when
the WP pin is active low. </

N

T
— VSV
Ready/Busy(R/B) ( \)
The R/B output indicates the status of the device O%I’atng Wher Igw, it indicates that a program, erase or random read operation is
in process and returns to high state upon completlog \Lt is an-epen drain output and does not float to high-z condition when the chip
is deselected or when outputs are disabled. NN\

T\
-\

~
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Absolute Maximum Ratings

Parameter Symbol Rating Unit
. . VIN -0.6to+4.6
Voltage on any pin relative to Vss \%
Vce -0.6 to + 4.6 [
| kok1Gosuom-vcBo 1010 +125 /’* (O
Temperature Under Bias TBIAS ~ f\\"Q\ N
K9K1GO8UOM-YIBO -40 to +125 NN
Storage Temperature TsTG -65 to +150 /f\:\\\“’Q ~
. TN\ W
NOTE : N

[/
1. Minimum DC voltage is -0.6V on input/output pins. During transitions, this level may undershoot to -2.0V for periods <30ns.

] ]

Maximum DC voltage on input/output pins is Vcc,+0.3V which, during transitions, may overshoot to Vcc+2.0V for peridds\<2\03§/ /

2. Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should bé{&sldae/d to the conditions
as detailed in the operational sections of this data sheet. Exposure to absolute maximum rating conditions for gxtended pe\riods may affect reliability.

Recommended Operating Conditions N
(Voltage reference to GND, K9K1G08UOM-YCBO :TA=0 to 70°C, K9K1GO8UOM-YIBO:TA=-40 to 85°C)

/
\
\

AN

[
\ )/)

\\\ P
. —

Parameter Symbol Min Typ. Max Unit
Supply Voltage Vcc 2.7 33 ~, 36 \Y
Supply Voltage Vss 0 /p\ \ e 0 \%
<.\ . Ly \ /,/
DC and Operating Characteristics(Recommended op;\r\a}iﬁg\c\ondiﬂ'@\f)s/otherwise noted.)
Parameter Symbol Test Conditions Min Typ Max Unit
Operating Sequential Read lccl tRC=50ns, E=\\/Q_,\LQUT=/O)nj‘\A: - 10 30
Current Program lcc2 // A - 10 30 mA
Erase lcc3 Vi / - - 10 30
Stand-by Current(TTL) Isel | CE=Vii, WP= OV/Vcce - - 1
Stand-by Current(CMOS) Iss2 | CE=VGe-0.2, WP = 0V/Vee - 10 50
Input Leakage Current 1Ll Vu@zo to é\ﬁ\( - - +10 m
Output Leakage Current ILo N \S(QDT\:\Q to/ §/6V - - +10
Input High Voltage Ve N N T - 2.0 - Vee+0.3
Input Low Voltage, All inputs /VlLi\\ N\ - -0.3 - 0.8 v
Output High Voltage Level Vor— :IiogSAOOmA 2.4 - -
Output Low Voltage Level VoL Io%ﬁz)lmA - - 0.4
Output Low Current(R/B) loL(R/B) | VoL=0.4V 8 10 - mA

AN

NOTE : VIL can undershoot to -0.4V anc@ °
v/

can oveyshoot to VCC +0.4V for durations of 20 ns or less.
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Valid Block
Parameter Symbol Min Typ. Max Unit
Valid Block Number NvB 8,052 - 8,192 Blocks

NOTE :

1. The KOK1GO8UOM may include invalid blocks when first shipped. Additional invalid blocks may develop while being used. 'ﬂhg{nqmbe\r of valid
blocks is presented with both cases of invalid blocks considered. Invalid blocks are defined as blocks that contain one or more ad Do.no noterase
or program factory-marked bad blocks. Refer to the attached technical notes for an appropriate management of invalid block,N N \ N/

2. The 1st block, which is placed on 00h block address, is fully guaranteed to be a valid block, does not require Error Correctlén\ AN \\\ >

3. Minimum 1004 valid blocks are guaranteed for each contiguous 128Mb memory space ,7\\\\ ST

AC Test Condition . ]
(K9K1GOBUOM-YCBO :TA=0 to 70°C, K9K1GOBUOM-YIBO:TA=-40 to 85°C, VCC=2.7V~3.6V unless othelwise) _/ /

Parameter Value
Input Pulse Levels 0.4V to 2.4{V( \j \]
Input Rise and Fall Times 5ns \
Input and Output Timing Levels 1.5V —

Output Load (3.0V +/-10%)
Output Load (3.3V +/-10%)

1 TTL GATE and CL=50pF
1TTL GATE and CL=100pF

/A
/)
./ \\ />

/
N/

Capacitance(Ta=25°C, Vcc=3.3V, f=1.0MHz)

/N
Item Symbol Test Condition Min Max Unit
Input/Output Capacitance Ciio ViL=0VvV f\\\\i v 20 pF
Input Capacitance CIN VIN=0V {\ (\ \) -i‘\> 20 pF
NOTE : Capacitance is periodically sampled and not 100% tested. y /> \\\i\/j///
MODE SELECTION //
CLE ALE CE WE RE wp Mode
H L L Ry ’)-/I;—/'/ X Read Mode Command Input
L H L L4 ‘\I—( ) ) X Address Input(4clock)
H L L AN h\\” / H ) Command Input
_ Write Mode
L H L LA [N \H H Address Input(4clock)
L L L P e E\QQ\ H Data Input
L L L H T \ X Sequential Read & Data Output
L L L H Ho X During Read(Busy)
X X X X X H During Program(Busy)
X X X X X H During Erase(Busy)
X X0 X hOx X L Write Protect
X X OHOO \j X 0V/Vcc® | Stand-by
NOTE : 1. X can be ViL o Vis, N\ =)
2. WP should be bdsed»gcgos high or CMOS low for standby.
Program / Eraée\c\hamé’(eristics
Parameter Symbol Min Typ Max Unit
Program Time \ii\:\ N tPROG - 200 500 ms
Dummy Bus\y\'*Fitﬁé\’fo\\Multi Plane Program toBSY 1 10 ms
Number of Partial Prog/ram Cycles Main Array Nop - - 1 cycle
in the Same Page Spare Array - - 2 cycles
Block Erase Time tBERS - 2 3 ms
8
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AC Timing Characteristics for Command / Address / Data Input

Parameter Symbol Min Max Unit
CLE setup Time tcLs 0 - ns
CLE Hold Time tCLH 10 - ’/ ‘\n\s
CE setup Time tcs 0 - — (\ s N
CE Hold Time tcH 10 - M ns 7
WE Pulse Width twp 25@) - e
ALE setup Time tALs 0 -/ //" ~ \\\\/ﬁs
ALE Hold Time tALH 10 - | ) ns
Data setup Time tps 20 P — 7 ns
Data Hold Time toH 10 / //—HJ O\ ns
Write Cycle Time twe 50 \ \\- ) / ns
WE High Hold Time twH 15 R ns

NOTE : 1. If tCS is set less than 10ns, tWP must be minimum 35ns, otherwise, tWP may be minimum 25ns.

AC Characteristics for Operation /’ h &
Parameter Symbol Min Max Unit
Data Transfer from Cell to Register fﬁ\\\\ \\ \V4 12 ms
ALE to RE Delay( ID read ) tAR1/> S g/ - ns
ALE to RE Delay(Read cycle) tAR? \\\ >\> 50 - ns
CLE to RE Delay tCLR\ \\4///‘ 50 - ns
Ready to RE Low JIRR T 20 - ns
RE Pulse Width //tRP 30 - ns
WE High to Busy < twe - 100 ns
Read Cycle Time o . tRC 50 - ns
RE Access Time "\ ( \) TREA - 35 ns
RE High to Output Hi-Z N /// tRHZ 15 30 ns
CE High to Output Hi-Z NN T tcnz - 20 ns
RE High Hold Time VoSN tREH 15 - ns
Output Hi-Z to RE Low B \\\\\\\ N tR 0 - ns
Last RE High to Busy(at sequential read) < tRB - 100 ns
CE High to Ready(in case of interception by CE at read) tcrY - 50 +tr(R/§)(1) ns
CE Access Time A\ N tCEA - 45 ns
CE High Hold Time(at the last s”‘rial\iéqyz) ™ tCEH 100 - ns
WE High to RE Low <\ N D tWHR 60 - ns
Device Resetting Tlme(Ré\H(PanraWErase) tRST - 5/10/500® ns

NOTE : 1. The time to Rea@ﬁ/ d@pehQs R the value of the pull-up resistor tied R/B pin.
2. To break the sequ {Qad cle, CE must be held high for longer time than tCEH.
3. If reset com E%hl wrmen at Ready state, the device goes into Busy for maximum 5us.

~

~/

\\ \\\>
/\\ \
\\x\ \\
L \\\ ~/
~ N\
\\ >
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NAND Flash Technical Notes

Invalid Block(s)

Invalid blocks are defined as blocks that contain one or more invalid bits whose reliability is not guaranteed by Samsung. The infor-
mation regarding the invalid block(s) is so called as the invalid block information. Devices with invalid block(s) have the same quality
level or as devices with all valid blocks and have the same AC and DC characteristics. An invalid block(s) does not/ﬁfj&t\the perfor-
mance of valid block(s) because it is isolated from the bit line and the common source line by a select transistor. Il&é s\ysteim\d\esign
must be able to mask out the invalid block(s) via address mapping. The 1st block of the NAND Flash, however, i (&ltyigtgrfmteéd to
be a valid block. The 1st block, which is placed on 00h block address, is fully guaranteed to be a valid block, does.not requise Error

. .
N N
Correction. e N N

Identifying Invalid Block(s) LA )]

All device locations are erased(FFh) except locations where the invalid block(s) information is written p ig?mﬁkﬂgﬁing. The invalid

block(s) status is defined by the 6th byte in the spare area. Samsung makes sure that either the 1stor2nd page-efévery invalid block

has non-FFh data at the column address of 517. Since the invalid block information is also erasapl |ﬁqu§’t\\3ases, it is impossible to

recover the information once it has been erased. Therefore, the system must be able to recogn ze\the irl\ylf" block(s) based on the

original invalid block information and create the invalid block table via the following suggested \W\Chj:l Figure 4). Any intentional
RN S

erasure of the original invalid block information is prohibited. —
Start M 9
I\ /
. /) \\ /Y
(N Y NN SS
NN \ \//
Set Block Addtess:Q \/
/[ / N
[ N\
\ N\ ) ™
> AN ~/
Increment Block Address NV
A /
T /;/ Check "FFh" at the column address 517
c ( date) NoO 7 of the 1st and 2nd page in the block
reate (or update ¢ " "o
Invalid Block(s) Table 7~ Check "FFh"

N\ \\\ // Yes

N\ —

N\ Y
S U\
N0 | ast Block ?

Yes

I~ \:\\ - End
A N4
&\\ \\\\ N

NN ~_/
/> N\

NN e i .
f\\\\\ hgure 4. Flow chart to create invalid block table.
LT\ \ S~

AN N

~.
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NAND Flash Technical Notes (Continued)
Error in write or read operation

Within its life time, additional invalid blocks may develop with NAND Flash memory. Refer to the qualification report for the actual
data.The following possible failure modes should be considered to implement a highly reliable system. In the case of status read fail-
ure after erase or program, block replacement should be done. Because program status fail during a page progran/(doeg not affect
the data of the other pages in the same block, block replacement can be executed with a page-sized buffer by, ﬁlng\an\erased
empty block and reprogramming the current target data and copying the rest of the replaced block. To improve th Fﬁ\ |e&y btmem-
ory space, it is recommended that the read or verification failure due to single bit error be reclaimed by EQ wlthoqt algy block
replacement. The said additional block failure rate does not include those reclaimed blocks. —2 NN
TS \ \\/

/
[/

Failure Mode Detection and Countermeasure sequence
Erase Failure Status Read after Erase --> BI/ocheBe;\Jiac:eirc/Lef{M
Write Status Read after Program (4 ﬁ/ack R/e\gacement
Program Failure Read back ( Verify after Prerdm) - ﬂ{\l k Replacement
CC Correction
Read Single Bit Failure Verify ECC -> ECC Correctlon
/ </:/>
ECC : Error Correcting Code --> Hamming Code etc. ///\\
Example) 1bit correction & 2bit detection /e / \ \\ />
AN \
O\ \ Vv
Program Flow Chart >N
VN
AR A
AN }f ECC is used, this verification
/SN / ion i
, N // “~——"operation is not needed.
‘ Start ) |
- ’ /7 l
l {/ : .
] Write 00h
Write 80h Yol !
= 1
| L \)) |
N .
Write Address \\\\\~ // : Write Address
I N |
\\\ ‘
_ | . .
Write Data SN ‘ Wait for tR Time
T \\ I l
| DR ®
<< [
. . No RN
write 10h : Verify Data LY Program Error |
/\ \ /
|
Read Status Register e
N Yes
QU N\e—~
QN e A
\ > . Program Completed |
/ - -
\ = I/O 6=17 No
?
/\( :Ek\or RB=1
AN > @ . If program operation results in an error, map out
N AN - l Yes the block including the page in error and copy the
@\ AN SN target data to another block.
—HT 0\ /
Program E‘Hfo Mg /I00=07?
Yes

11
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FLASH MEMORY

NAND Flash Technical Notes (Continued)

Erase Flow Chart

Read Flow Chart

‘/ N\ ‘/ - // ‘\\:\\
. Start ) ‘\7 Start_| (™A
l ¢ \( NN ~
Write 60h Write 00h
¢ ///’vL ~ \\\\\>
Write Block Address Write Address
i \\\l\V///
Write DOh Read Data
I AN
Read Status Register ECC Generation
; J
o6=17? No | oy o Nooy .
orRIB=172 w\RecIalm tf}e >\ror<— Verify ECC
. 7NN
OO0 NN S
. . \ /
® f SN WV |
N VNN | Page Read Completed)
Erase Error «— /100=07 [ \
N _ \\_ )
/ ™~ \\\\/j//
lYes /S -
//
‘/ \‘ / //
| Erase Completed ) 4/
S N
@ If erase operation results in an error, map/ ut \
the failing block and replace it with anot bloc
\
O N :i
Block Replacement NN
N\
Block A S N\ \
1st — =\
1 INEY
(n-1)th @ )
nth —»| an error occurs. \ >
(page) A - Buffer memory of the controller
~ \\ <“‘\/I
BIO«;{I\(B:\\\\ N
1st > /
] £ @
(n-1)th
4
nth —» &«
(page) f\\‘\\%(\:\;\
Ve \\\\ >N
O\ T~
* Stepl s \ \
When an error Ens |n}he nth page of the Block 'A’ during erase or program operation.
* Step2 \\\
Copy the nth pagéﬂatavof the Block 'A’ in the buffer memory to the nth page of another free block. (Block 'B’)
* Step3
Then, copy the data in the 1st ~ (n-1)th page to the same location of the Block 'B’.
* Step4d

Do not erase or program to Block 'A’ by creating an ’invalid Block’ table or other appropriate scheme.

ELECTRONICS
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Pointer Operation

Samsung NAND Flash has three address pointer commands as a substitute for the two most significant column addresses. '00h’
command sets the pointer to 'A’ area(0~255byte), '01h’ command sets the pointer to 'B’ area(256~511byte), and '50h’ command sets
the pointer to 'C’ area(512~527byte). With these commands, the starting column address can be set to any of a whole
page(0~527byte). '00h’ or '50h’ is sustained until another address pointer command is inputted. '01h’ command, howevex, is effective
only for one operation. After any operation of Read, Program, Erase, Reset, Power_Up is executed once with 'Olb'(”cbmn*}agd the
address pointer returns to 'A’ area by itself. To program data starting from *A’ or 'C’ area, '00h’ or '50h’ commagid_muist be-inputted
before '80h’ command is written. A complete read operation prior to '‘80h’ command is not necessary. To prog(/a*n de?ta :ﬁ‘a{tlng from

‘B’ area, '01h’ command must be inputted right before '80h’ command is written. AN
///:\\\\\\\\7
// (/’ . \\\ AN
Table 2. Destination of the pointer LA N
Command Pointer position Area "A" area "B"area \C "area’
(00h plane) (01h })rane)/ $50h‘ﬁlane)
00h 0 ~ 255 byte 1st half array(A) // N
01lh 256 ~ 511 byte 2nd half array(B) 256 Byte 256 Byte 16 Byte
50h 512 ~ 527 byte spare array(C) N/
\\\_g e
M ]
v | o |
/\ ] l Internal
\ \ 0 4 Page Register
N LS
\\\ \\\ \/ / ©
O
PGmeLséiect W/

{/c mmnath \>4—> Pointer
\(0 h, 01h, !;oh)

g )
)7 gjure“S‘BIock Diagram of Pointer Operation

(1) Command input sequence for programming 'A’ a%éa

oy

) ~

v

/ VAN
The address pointer is set to 'A’ area(0~€55), and)sjstained

: Address / D?,tg ingu\t\\ ./ Yy, Address / Data input
AN S~

00h { 8oh ) > { 10n ) ~0oh { 8oh )~ { 10n )
[T Eg \\

'AVB',C’ area can be programmed. T\ ’00h’ command can be omitted.

It depends on how many data are inputted. \> \J

(2) Command input sequence f for programming 'B’ area

f
The addres&ﬂm er is set IO\B area(256~512), and will be reset to
A’ area after e\very&régram operation is executed.

v

| »‘1\\ N ;\ Address/ Data input Address / Data input
' Y o) Con Caon )}~ o)
01lh 80h ~ 10h 01h 80h 10h
¢ \\\ Nl oo U \/
S~ >
'B’, ’C' a\oah\bé\pxogrammed ’01h’ command must be rewritten before
It de9ands Grrhg\m{nanﬁ data are inputted. every program operation
-~
3) Commandf‘nph&\Sequence for programming 'C’ area
4\\\
BN '[he aédress pointer is set to 'C’ area(512~527), and sustained
“ ~= > ”
| ~ Address / Data input Address / Data input
50h { 8o ) r { 10n ) 50h { 8on ) { 10n )
Only 'C’ area can be programmed. ’50h’ command can be omitted.

13
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System Interface Using E don’t-care.

For an easier system interface, CE may be inactive during the data-loading or sequential data-reading as shown below. The internal
528byte page registers are utilized as separate buffers for this operation and the system design gets more flexible. In addition, for
voice or audio applications which use slow cycle time on the order of u-seconds, de-activating CE during the data-loading and read-

ing would provide significant savings in power consumption. N
— /A RN
. . . \ ,
Figure 6. Program Operation with CE don’t-care. A Y
RN \\\\>
//7\:\\\\\ >
CLE //,//‘\\\\\\\> |
L1
CE don't-care NN /) ]
— ) N
cE [ 1 111 F] [1 1 1 [T
; TEEES
I - 'R \\

1/00~7 Data Input M—( Data Input
Va \
\\\ - \ \/ %
BN \ /
tcs S~ Y
— teH | (\——\ 4—ICEA ——>
CE CE\
/>N
/// —
/
/ S tREA >
— '« —twPp——>| <C / RE
WE — /
/[ <\
A )'TO” out
. N/
\\ \\ \4/ //
N ~———
Figure 7. Read Operation with CE dqﬁt -care.
/\ T \\ \\
\\\\\ —~ \\
\\\\\ \\
CLE /)
e T { CE don't-care
CE /| Must be held *
L[l H4Lﬂﬁwmwm.ﬂﬂl1ﬂlTH[Tﬂ [ ]
/T N
\\ \\\\\\\ \\ S - - -

~
e N
v _ OO0
NN AN
AN D
N\,
R/B "N T ‘—tR—’|
/SN
\.

=
o
o
~
]
2
3
3
>
Q.
o
=
(9]
g
o
O
)

Data Output(sequential) >

14
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Command Latch Cycle

CLE /K * N
RN
tcLs> «—tCLH—> TS0
/ (,\\\\\ \\/
s N\
— tcs> “—tcH> s
e \ /
T
\ \\ )
«———twp—> AN, ////
e \ //"Jl /N -
WE \ i ( ( /> >
\\ \\\’/ /
\\_///
tALS > «——tALH—>
tDS—><—tDH—>, /; \\ &
1/00~7 Command
N
~ \
////H\\:\\\ 7
(I \ W
\\\\ )
/> \\:j//
Address Latch Cycle ///’
"/
—\HtCLS—P //;:7 AN
CLE \ L))
/\\ \\ — //
AN —
N\
«——fCS—¢——~tweC > twe twe———>
-_— \ / T U\
CE \ \\\\\\\:Q \\\
)
<x(
_ [« tWP—3 ————— [« tWP— > ————— «—tWP— ————— Ftvvpa/i
WE XN ~, : : 1
) p_;\ AN HtWH*»\—/;—tWH—b\——]%tWHH\—
SO N fALH tALS tALH  tALS tALH  tALS tALH
\tALSfR\\\\ S «> <> «> <> «> <>
A N ‘ ‘ ‘ ‘ ‘ ‘
o T~/
ALE AN BN
~\ N\
N
\( AN s} tps ! s} tos»42H
VAN ~ N\
\\\\ S~ )
1/00~7 Ao~A7 Ag~A1e A17~A24 A25,A2
~ N\ N\
. N
—~
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Input Data Latch Cycle

[—tCLH—>|
CLE % N
A OO
N
A((,\\\\\\ \\/
<{ AN N\ N
_ «—tCH—> S
CE % ///7\\\\\\\\7
Ve
[ \
L\ ]
N/
N /

ALS >&—tWC—> ///’\7 ~
/'—\/
ALE * [( a
\

)
N/
tREA tCHz*
AN
<) J tRHZ*
™ tRHZ*
1/00~7 Dout A { Dout \
_ A
R/B

/S .
\\ii\:\ \\ NOTES : Transition is measured £200mV from steady state voltage with load.
(0 This parameter is sampled and not 100% tested.
RN
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FLASH MEMORY

Status Read Cycle

{CLR————>
% N
CLE /K [~
tcLs» <« N
tCLH [N
AL SO Y
{Ccs &\’\ \\\ \\\\>
cE \ / o=
\ [
‘ L ]
DI N/
tcH N
- < twp—> — : ~ +—
WE \ / [/ N
\ / ——tceEA — K ) )
N/ tenz
————tWHR———> -
RE \
tDH /| trea
{DS—><«—> IR > tRHZ*
SNy RAz
NS/
1/00~7 \ 70h /I\ a Status Output
N \// 0 @O
VNN
[ N
N\ )
N,
/SN
// —
//
/)
; l/
Readl Operation(Read One Page) ~
o
e I\
| ( \)
CLE I\ \ N\
< \ N~
N\
NN\ «—tCEH
— S N\ \
CE — T\ /
Y
tWC —>| <) ) I,CHZ
WE A\
/ /\\
N o twB
[\k N ~ Pl ke k> tCRY
ALE \ / ;:::\3:9:\3
N T~ tRHZ
O T e
RE VAN \\i\\/
<\\\\\ \\§ .
\ ~_)
s \\\ tRR> <«
<\ S~ \
1/00~7 %Oh or OlX Ao ~ A7 XAQ ~ A6 XAl? ~ A24>< A25,A26/——< Dout N>—<Dout N+>—éout N+ —
T~ Column Page(Row)
Address Address
R/B Busyf /
17
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Read1 Operation(intercepted by CE)

CLE / \

7O
G N
A
—_— AN Y
CE \ SN N
/’7\\\\\\\ Y
/ //\\\\\\\ VA
e [ \ \ ) ]
WE \ N/ /
twB e
> 7 _JeHz [T
tAR2 //// (/\
N\
ALE / \{» k \\\ )
\\\_///
«——tR—> tRC
RE \
a >
tRR-»! 47// y, \ ~/
1/00~7 XOOh or 01h>< Ao ~ A7 ><A9 ~ A1e XA17 ~ A24>< A2s,A26 \ \\ N <Dout N>\r§)out N+>—<Dom N+>
AN . V'
Column Page(Row) SN 4 \\ /
Address Address AN v
— [ AU
R/B \B@s?r )
~__ /
/,/ /> ~___
Read2 Operation(Read One Page) ////
<C//
CLE / \ VAN
J ( Y
— —\ A \ N ./ /)
CE \ \\\4/7/
- \, - A\,
N\
= \\\ \\
WE I N AN
) "
“~ twa
\ VtAR?"
ALE / A \
AN N
/p\\\ . < tRR>
E /~ \\\.\\\\\\:\ \5 \\ / \ /
LA T
AN D
<\ ~_/
1/00~7 Ao ~ A7 ><A9 ~ A16><A17 ~ Az4>< Azs,Azs> <5?25ﬂv| >HDOut 52?—
AN
- NI . — /
/. \\ d \
R/B N §:5§ . \ / selected —»
/=~ OO0 M Address Row
\\\.::\ \\> Ao~As : Valid Address
~ As4~A7 : Dont care
512 16
Start
address M
18
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FLASH MEMORY

Sequential Row Read Operation ( Within a Block )

CLE
N
_ (\\ .
e\ NN
SN \\V>
P SN \\
—_— =N N Y
WE _\IW\_/_\J [ \) ]
\N_//
T \\\\4///
ALE / \ ,///HJ> N\
N\
|\
RE -
1/00~7 :X 00h XA0~A7 A9~A1%17~A2XA25,A26 @ /*\ @ ¢ @ A @
A \//
B Re%d)/& > A
R/B Busy /[~ ,\ \/// \_Busy / \_
> N
N
M N
M}LI
S— L
— — ] | R —>
/// Output Output
</

-

~

y
Page Program Operation / (/ N
))
CLE |
CE
wWe \/
ALE / \
RE ; \__/ v
AN \ S~
- A
1/00~7 X\soﬁxtx Ao ~ A7\ A9 - A16 17~ AzX Azs Azs m"@ 10h {ron——1o9
Sequential Data  Column 1 up to 528 Byte Data Program Read Status
Input Com\m;d Address Pi%ﬁ(r'zgg"’) Serial Input Command Command T

R/B

t

1/00=0 Successful Program
1/00=1 Error in Program

ELECTRONICS
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BLOCK ERASE OPERATION(ERASE ONE BLOCK)

CLE

1/00~7

R/B

_/ N\ / O\ / \ /N (]
—

— N

twe ///"\\ NN
(
n_/ \

[ N
| ]
\_/ \ N/
T \\\ B //
<«——twWB—>«—tBERS—> //,j N -
/ \ [\ ()
\. S /
~_
/'\\\ </\\)
\ / b \ / \
60h XAQ“‘Al%U“AZXAZS,AZGX DOh \ 70h \ /00 }
X ’ y / . / / \ /> [y X
Page(Row) N Y VN VS
Address NN \\/Z
SO\ \
(/ ( AN 1/00=0 Successful Erase
Auto Block Erase Setup Command Erase Command (WA ) Read Status  1/00=1 Error in Erase
N vy Command
,/\> \\ - e
Yy ~
//
/)
</
S
e N\
[ ( \))
o\ SN/
/ \\ \\ -
\ ~
\\ \\
N\
/ \\\\\\ N
Lo TN
— \
T~ \
AR
) )
<

20
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K9K1G08UOM

eleq a1Ag 82§
92y ~ 6Y 9 LY ~ OY
nduj ereqg
® Ssalppy

eleq alAg 825
9Ty ~ 6V B LY ~ 0
AN

eleq slAg 825
92y ~ 6V B LY ~ 0V
nduj ereq
9 SSaIppPY

ereq a1Ag 825
9y ~ 6 B LY ~ Oy
ndu| ereq
® SS3IPpY

(t0)—@r)
N

(108)  2~00]/1

<> a/d
Asgq) -

/~t aue|d 10 £~0 aue|d o1l weibolid abed aue|d-1no4 (‘X3

AN
</ 1
~ ~ 1
N
AN |
//
N // SNQT “Xew 1
— st 'dfy : AS4d) 1
— AN |
' /[ — /S 1
I SO SN I !
e e e e b e e P
i 6 duy suerdise) / ) :
weiboid ¥ induj suerdIse/ ) | a|qereadas sal a1y} Xe 1
_ v YR /) 1 u !
! ALY \ _ | a
. . fwwnq) ndur fenes SSeippy  ssaippy  puewwop nduj
PUBLILIOD STIR)S, (enup) ‘4 — 1 (
- PUBLILOD N/ O puewwod ereq a14g gzg o1 dn T Moy )abe, uwno: b,
SUBIG-AITA pest] 103 oo . SN PR E 00 ereq [enyanbas
E utz @N<,mN<XN<,5%<;< ny~ov Y Y uos /“,/ o N @N<,§XN<,§X2;< g ~ oy ‘ﬁ 1-00/|
1 <V AU
1 ! ™ ! — !
| i /) e . 1
! _ Nt/ N |
S\ L N . o™
i I AN ]
i | N /] .
1 / \ 1 7] / 0> T IV
| | N ~/ / !
! < «—» ! < > GMI>] o !
! o0dd W i Asaay |
1 1 ! EN
l [ —
1 /7, i 1
&S ) RO
! ~ S, S a0 S
! L7, ! Efe)
| ST \ ==
| ~
|
T
|
)

A
\

uonelado weiboid abed aue|d-1|NA
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Multi-Plane Block Erase Operation into Plane 0~3 or Plane 4~7

CLE _/_\ / \

IS
|
~

s

—\ N
N O\
/A/(,\\\\\\ \\/
J— &N N
CE : \ : / \ 7\\\\\ /
/ SN
1 /T~ O\ /
twc | / (/ O\
— 1 I\ 7]
N/ /
AN

1
| <«—tWB—><«——tBERS—>| /;/,J ~
! [ AN
ALE / Y / \ N ) ) /
1 T ~_
1 . — /
1 ~____~
1 1 —
I | "
RE | . __/ \_/
1 1
: : \ / ™ - T
1/00~7 X 6011 XAg~A1zXAu~AzXAzs,Aze>I( D‘Oh ) 770 /\\ 7ih ) { |/‘?o )
! Page(Row) | AN & N\ A
! Address ) NN \ \ /L
—_ T SO\ \
R/B I ! \ Busy ™ \/ {
I : / =T
BlockErase Setup Command , Erase Confirm Com(\m;(ld \) a\>
1 \ i
1 N/
: ! // > S~ Read Multi-Plane
| 1 / //’ Status Command
1 : /////
! i </
1
1 ) ! o
. Max. 4 times repeatable : [ <\\
- ---m o m oo » )
' R,
¢\ \\\\4;/
\\ \\\ \4
AN
é:\\\ - \q\\\
* For Multi-Plane Erase operation, Block addfe%s%ebg\ere}sed should be repeated before "DOH" command.
\
) )
Ex.) Four-Plane Block Erase Operation
//\\ </\\)
R/B £ =

RSN <«—tBERS—>
RN |

~\ ~/

AN
Ag ~A26. TN, N\
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FLASH MEMORY

Read ID Operation

CLE

_/ 0\
-

We \_/

_/

o)

tREA <« a AN
{ \ \ [ \ [ \
100~7 { 90h )} { 00h )} ECh >—</79h ); /\ ASh ) { coh )
Read ID Command Address. 1cycle Make(\C\od@ Dévice Ckid\? /// Multi Plane Code
O\ /)
NN \v/
////H\\:\\\ 7
[ | \
s N\ ) I
ID Defintition Table A
s ~__
y —
90 ID: Access command = 90H yod
/)
S/
Value Description
1% Byte ECh Makef Code \)
2n Byte 79h Device.Code ,
31 Byte A5h Must be don't <cared
4th Byte COh Supports Multi Plane Operation
/\\\\\\ N
TN
)
<

ELECTRONICS
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FLASH MEMORY

Copy-Back Program Operation

CLE _/_\ / \ / \ 7\
/& (F\\ \\\
~ \\ \\\\/
—_— / SN /
CE N
N N
twe—> TN
[ \\\ N
S i
WE twe \ )
«—> twB “PROG
///’\7 = ~] __—
N
ALE / \ / ( \ AN
L tR—»> \\ \\\1////
~
RE \ /
1/00~7 >< 00h ><:>(A0~A7X\9~A16X\17~A2XA25,A26> WA(%N)@&%MsXAerZXAZs.AZ%’@ 70h @
Column ~— pagaRow) 4 Column Read Statu
Page(Row; age(Ro
Address A%d(ress) ‘ /Address / RA%d(rezgq}\ Command
= == TV \
R/B \ N V
w e \\\ \// \_{e_/
Busy {/ (f\\\ \\> Busy
\ L -
. \ N 1/00=0 Successful Program
ﬁ%’a’ ggg&Daﬁ?\ N /) ) 1/00=1 Error in Program
}Q 7 \\\ ///
/) —
/)
/)
</
o
/ ( < AN
\ N\ /)
/A\\\ \\\\4:/
\\\ \\ \4
N\
L2\
\\\\ \\
—_\
N\
)
<
/\
N
/T \\ ~/
\\ \\\:\\\ AN
/> \.\\;\\\ >
AR NN
N N
&\\\ ~)
V2 NN
SN N\
N
41\\\ N4
NN N
NN T~
/\\\\\\
NN\
~ \\i\\\ N
L0 T
N
\\\\ >
24
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Device Operation

PAGE READ

Upon initial device power up, the device defaults to Read1 mode. This operation is also initiated by writing 00h to the command reg-
ister along with four address cycles. Once the command is latched, it does not need to be written for the following page read opera-
tion. Three types of operations are available : random read, serial page read and sequential row read. 7N

The random read mode is enabled when the page address is changed. The 528 bytes of data within the selecte& page\are\trans-
ferred to the data registers in less than 12ms(tr). The system controller can detect the completion of this data tra< fn by\qnalyz-
ing the output of R/B pin. Once the data in a page is loaded into the registers, they may be read out in 50ns cycle time by\ uentlally
pulsing RE. High to low transitions of the RE clock output the data stating from the selected column address ubi\ihg Iast column
address. //, — O\ \ )

After the data of last column address is clocked out, the next page is automatically selected for sequentidl fow read. \

Waiting 12ns again allows reading the selected page. The sequential row read operation is terminated bx |ng|ng gyg high. The way
the Readl and Read2 commands work is like a pointer set to either the main area or the spare area. The sgarearea of bytes 512 to
527 may be selectively accessed by writing the Read2 command. Addresses Ao to A3 set the start}ﬂgﬁgﬁiress ot“fﬁe spare area while
addresses A4 to A7 are ignored. Unless the operation is aborted, the page address is automatically incretmnented for sequential row
read as in Readl operation and spare sixteen bytes of each page may be sequentially read\ 'IL\he Re%d]) command(00h/01h) is
needed to move the pointer back to the main area. Figures 8 to 11 show typical sequence and tlrﬁmgSwfer”ea(ch read operation.

Figure 8. Readl Operation

a .
CLE /| ~

AN <// \ \\ /'/>
ce LT ITITT] N4
N Y

ALE | /;/ o
—_ R

R/B 7
(\

\ ~——
N\
N\
1/100~7 @ Start Add.(4Cycle) SN Data Output(Sequential) )
T— — \\
Ao ~ A7 & Ag ~ Az \\\> \\J
(00h Command) (01h Command)*
S
Ts{ half array | 2st half array 1st half array | 2st half array
QX ' |
AN v v
\

(11

2N

//)/

.
/
/ /
/)
/

/

/

v
v

R T e T e —
N N\

~ \\ N D . . . .
NN\ T~ Data Field Spare Field Data Field Spare Field

* A?t\eniﬁta access on 2nd half array by 01h command, the start pointer is automatically moved to 1st half
array (00h) at next cycle.
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Figure 9. Read2 Operation

CLE _|_|
= L0000 NN

1/00~7 @ Start Add.(4Cycle) Data Output(Sequential) )

Ao~ A3 & A ~ Azs a Spare Field
// \ ~/
(A4~ A7: / / \ \ )
Don€ Care) a 47 \ / /
1st half array 2nd half éhqx\‘ \\ \ / //
. V)
\/

I?a/;a'ﬁeld /0 Spare Field
Figure 10. Sequential Row Readl Ope(ésion 3 )
N ~ /
O

/\\ N~ /,//
— tR P R —4 tR
R/B NN | _|
1 0\
\,
\
™ 1st

/00 ~7

2nd Nth
Ao ~ A7 & Ao ~ Az (528 Byte) (528 Byte)
/\
AN /\
~_{0h Commafid) ( 01h Command)

/\\15\\{;\{\{7&&{\ \~>2nd half array 1st half array 2nd half array
/T~ V, . . . .
\\\\-\\\\ : .
N\ — ———>] 1st —— T 5] 1st

Block™> i\i’\’\ —f—————+—{2nd —+—t »lond

\\* S Nth Nth
[\ SO N .
<\\ \\\\
N
/\\\\\\\
N N
oY | ] | | []
NN
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The Sequential Read 1 and 2 operation is allowed only within a block and after the last page of a block is read-
out, the sequential read operation must be terminated by bringing CE high. When the page address moves onto
the next block, read command and address must be given.
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Figure 11. Sequential Row Read2 Operation
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PAGE PROGRAM >N
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The device is programmed basically on a page basis, but it does allow rrflﬁ iple ﬁar\ti?i‘r\gage programing of a byte or consecutive bytes
up to 528, in a single page program cycle. The number of consecutive partial page pfogramming operation within the same page with-
out an intervening erase operation must not exceed 1 for main array/aqd\z\f\dﬁspfévé array. The addressing may be done in any ran-
dom order in a block. A page program cycle consists of a serial data Jdading period in which up to 528 bytes of data may be loaded
into the page register, followed by a non-volatile programming period where the loaded data is programmed into the appropriate cell.
Serial data loading can be started from 2nd half array by moving/bointer. About the pointer operation, please refer to the attached
technical notes. “~

The serial data loading period begins by inputting the Seridl Data Input command(80h), followed by the four cycle address input and
then serial data loading. The bytes other than those to b prf)gré\ ed do not need to be loaded.The Page Program confirm com-
mand(10h) initiates the programming process. Writing 10h alone Wwithout previously entering the serial data will not initiate the pro-
gramming process. The internal write state control~aut ma‘ticall% xecutes the algorithms and timings necessary for program and
verify, thereby freeing the system controller for other\v\aské.\encé the program process starts, the Read Status Register command
may be entered, with RE and CE low, to read the stat\{s\register. The system controller can detect the completion of a program cycle
by monitoring the R/B output, or the Status bit@T@ﬁ)\Qf\thé\Status Register. Only the Read Status command and Reset command are
valid while programming is in progress. When tﬁe\Page:EW(;gram is complete, the Write Status Bit(I/O 0) may be checked(Figure 12).
The internal write verify detects only errors for "1"s that ar r)ot successfully programmed to "0"s. The command register remains in
Read Status command mode until another valid command-is written to the command register.

Figure 12. Program & RéZ{cL\Staug; Operation
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BLOCK ERASE

The Erase operation is done on a block(16K Byte) basis. Block address loading is accomplished in three cycles initiated by an Erase
Setup command(60h). Only address A14 to A2e is valid while Ao to A13 is ignored. The Erase Confirm command(DOh) following the
block address loading initiates the internal erasing process. This two-step sequence of setup followed by execution command
ensures that memory contents are not accidentally erased due to external noise conditions. N

At the rising edge of WE after the erase confirm command input, the internal write controller handles erase and er‘agexx(eﬁfy When
the erase operation is completed, the Write Status Bit(I/O 0) may be checked. Figure 13 details the sequence. [/ \_ >

A \\ Y
¢ N

3 . \\ \\
Figure 13. Block Erase Operation SN
NN
{BERS . ) ]
R/B | ] N
VN
@ @
U "/

Block Add. : A14 ~ A2e
Fail
Multi-Plane Page Program into Plane 0~3 or Plane 4~7 . ~
Multi-Plane Page Program is an extension of Page Program, which is executed fo(g s\ngle plané/wnh 528 byte page registers. Since
the device is equipped with eight memory planes, activating the four sets of 8 b tQ page-registers into plane 0~3 or plane 4~7

enables a simultaneous programming of four pages. Partial activation bFfQur p[ahes is élsc/pérmltted

RN /
\

N
After writing the first set of data up to 528 byte into the selected page 1 ter\Dum?n)/Page Program command (11h) instead of
actual Page Program (10h) is inputted to finish data-loading of the curre{nq plane &&ndnge to the next plane. Since no programming
process is involved, R/B remains in Busy state for a short period of time(tRBSY). Read Status command (standard 70h or alternate
71h) may be issued to find out when the device returns to Ready stat/&pypoﬂmqthé Ready/Busy status bit(l/O 6). Then the next set
of data for one of the other planes is inputted with the same commard-and address sequences. After inputting data for the last plane,
actual True Page Program (10h) instead of dumy Page Program 9<§mmand (12h) must be followed to start the programming process.
The operation of R/B and Read Status is the same as that of Pz?,g ‘Program. Since maximum four pages into plane 0~3 or plane 4~7
are programmed simultaneously, pass/fail status is available for each page when the program operation completes. The extended
status bits (1/0O1 through I/O 4) are checked by |nputt|ng/;ﬁe Réad Multi-Plane Status Register. Status bit of 1/0 0 is set to "1" when

any of the pages fails. /\
Multi-Plane page Program with "01h" pointer is not suppgr(@d thué arohlblted
%
\\ - /

Figure 14. Four-Plane Page Program\ —
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Restriction in addressing with Multi Plane Page Program

While any block in each plane may be addressable for Multi-Plane Page Program, the five least significant addresses(A9-A13) for the
selected pages at one operation must be the same. Figure 15 shows an example where 2nd page of each addressed block is
selected for four planes. However, any arbitrary sequence is allowed in addressing multiple planes as shown in Figure16._

A OO

. . . (N
Figure 15. Multi-Plane Program & Read Status Operation Vol O N
~NoN NV
Plane 0 Plane 1 Plane 2 Plane 3
(1024 Block) (1024 Block) (1024 Block) (1024 Block)
Block 0O Block 1 Block 2 Block 3
Page 0 Page 0 Page 0 //// Page 0
Page 1 Page 1 Page 1 \ Page 1
\ AN
Page 30 Page 30 Page 30 Page 30
Page 31 Page 31 Page 31 Page 31
/ \ \/7)
/)
. . . 2\
Figure 16. Addressing Multiple Planes OO NN S
N \
NN \ T/
//i\\\\\ \//
/LN
@ @@ @ s Ha-@- e D@
N
SN
Ve
. . e .
Figure 17. Multi-Plane Page Program & Read’ Status Operation
S/
— o tPROG
R/B ‘ 7
L Last Plane input ‘\ )
i P /
1/00~7 80h Address & Data Input 10h e { 71h ) 110 > Pass
Ao ~ A7 & Ao ~ Aos L AN Y
528 Byte Data T \\ Fail
) )

<

Multi-Plane Block Erase into Plane 0~3 or Plane 4~7

Basic concept of Multi-Plane Block /\ra\se operation is identical to that of Multi-Plane Page Program. Up to four blocks, one from each
plane can be simultaneously erased: S\apdarﬁ\Block Erase command sequences (Block Erase Setup command followed by three
address cycles) may be repeateﬁj\ugll\)ifoﬂ(times for erasing up to four blocks. Only one block should be selected from each plane.
The Erase Confirm comman‘q\iﬂiﬂg(és\me\gktual erasing process. The completion is detected by analyzing R/B pin or Ready/Busy
status (I/O 6). Upon the e@sé\cwﬁﬁle\rbn, pass/fail status of each block is examined by reading extended pass/fail status(l/O 1
through 1/0 4). - \\ ~

A O D
N ~/
Figure 18. Fo@r\BJrcka\grase Operation

AN
N

R/B AN <«tBERS—>
1/00~7
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Copy-Back Program

The copy-back program is configured to quickly and efficiently rewrite data stored in one page within the plane to another page within
the same plane without utilizing an external memory. Since the time-consuming sequently-reading and its re-loading cycles are
removed, the system performance is improved. The benefit is especially obvious when a portion of a block is updated and the rest of
the block also need to be copied to the newly assigned free block. The operation for performing a copy-back program is-a sequential
execution of page-read without burst-reading cycle and copying-program with the address of destination page. A rlerpTaI{é‘ad\opera-
tion with "00h" command and the address of the source page moves the whole 528byte data into the internal buffer. As soon 3s the
device returns to Ready state, Page-Copy Data-input command (8Ah) with the address cycles of destination pab% f?)ﬂQVVSd rﬁ/ay be
written. The Program Confirm command (10h) is required to actually begin the programming operation. Copy-EaQI?P\roﬁrar% opera-
tion is allowed only within the same memory plane. Once the Copy-Back Program is finished, any additior@]iérsi@\pége program-
ming into the copied pages is prohibited before erase. A14 , A15 and A26 must be the same betwee/n('/sour(\:g a‘md\ arget page.
Figurel9 shows the command sequence for single plane operation. "When there is a program-failure\ t CopyiBack operation,
error is reported by pass/fail status. But, if Copy-Back operations are accumulated over time, bit e (OFMt charge loss is
not checked by external error detection/correction scheme. For this reason, two bit error ccy’@@ton isTecommended for the

use of Copy-Back operation."” [/ <\\
\ \\\/)/)
Figure 19. One Page Copy-Back program Operation S~
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Multi-Plane Copy-Back Program

Multi-Plane Copy-Back Program is an extension of one page Copy-Back Program into four plane operation. Since the device is
equipped with four memory planes, activating the four sets of 528 byte page registers enables a simultaneous Multi-Plane Copy-Back
programming of four pages. Partial activation of four planes is also permitted.

// \\
First, normal read operation with the "00h"command and address of the source page moves the whole 528 byte b@failib\i{]ternal
page buffers. Any further read operation for transferring the addressed pages to the corresponding page reglste/r mg§t\beéxebuted
with "03h" command instead of "00h" command. Any plane may be selected without regard to "00h" or "03h". U o four plages may
be addressed. Data moved into the internal page registers are loaded into the destination plane addresses. AfteLt |nput of com-

AN N
mand sequences for reading the source pages, the same procedure as Multi-Plane Page programmlngé;@p?#q?a ?}eplacement
address command with "8Ah" is executed. Since no programming process is involved during data loading at the, destination plane
address , R/B remains in Busy state for a short period of time(tDBSY). Read Status command (standard TQIf\or alterhdte 71h) may be
issued to find out when the device returns to Ready state by polling the Ready/Busy status bit(l/O 6). Aftekl\ﬁpumﬁg data for the last
plane, actual True Page Program (10h) instead of dummy Page Program command (11h) must b(;foll@hed tostart the programming
process. The operation of R/B and Read Status is the same as that of Page Program. Since maxifnum faurpages are programmed
simultaneously, pass/fail status is available for each page when the program operation complete‘;s \No@g?e operation is supported
with Multi-Plane Copy-Back Program. Once the Multi-Plane Copy-Back Program is flnlshed\any monal partial page pro-
gramming into the copied pages is prohibited before erase once the Multi-Plane Copy-Back ngfam is finished.

Figure 20. Four-Plane Copy-Back Program
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READ STATUS

The device contains a Status Register which may be read to find out whether program or erase operation is completed, and whether
the program or erase operation is completed successfully. After writing 70h command to the command register, a read cycle outputs
the content of the Status Register to the 1/O pins on the falling edge of CE or RE, whichever occurs last. This two line control allows
the system to poll the progress of each device in multiple memory connections even when R/B pins are common-wired. RE or CE
does not need to be toggled for updated status. Refer to table 4 for specific Status Register definitions. The gbr@?maﬁd\r\(egister
remains in Status Read mode until further commands are issued to it. Therefore, if the status register is read dlA/rinQ\a\ranUQ@read
cycle, a read command(00h or 50h) should be given before sequential page read cycle. <X (\\ \\\\ N ’
RN N
For Read Status of Multi Plane Program/Erase, the Read Multi-Plane Status command(71h) should by@é@?@iﬁr@hut whether
multi-plane program or erase operation is completed, and whether the program or erase operation is completed syccéssfully. The
pass/fail status data must be checked only in the Ready condition after the completion of Multi-Plane pro%r&\m or erase operation.
N
\

—

_— NS
Table4. Read Staus Register Definition //ff AN\ B

1/0 No. Status Definition by 70h Command Definition by 71h Command
1100 Total Pass/Fail Pass: "0" Fail : "1" Pass : "O"(\l‘f\::/ Fail : "1"
1101 Plane 0 Pass/Fail Must be don't -cared Pass : "0"®@ Fail : "1"
110 2 Plane 1 Pass/Fail Must be don't -cared Pass : "0"®@ Fail : "1"
/0 3 Plane 2 Pass/Fail Must be don't -cared /™ Ppass : €gio Fail : "1"
110 4 Plane 3 Pass/Fail Must be don't -cared // Pasg, "0"® Fail : "1"
/05 Reserved Must be don't -cared ‘\/:\\\ N~ \Mtj/ét/be don't-cared
110 6 Device Operation Busy : "0" Rea;i\y& \"‘l{ \E«ﬂsy :"o" Ready : "1"
/0 7 Write Protect Protected : "0" Not Pqﬁtécte\ci\:\"l}\ Protected : "0" Not Protected : "1"

NOTE : 1. I/O 0 describes combined Pass/Fail condition for all planes. Iiémy\oi\the/)s/élected multiple pages/blocks fails in Program/
Erase operation, it sets "Fail" flag. / / NS
2. The pass/fail status applies only to the corresponding p/ldr)e/.
<C//
Read ID o
The device contains a product identification mode, initiayég)/by/wr)ﬁqg 90h to the command register, followed by an address input of
00h. Four read cycles sequentially output the manufacturé code(ECh), and the device code (79h), Reserved(A5h), Multi plane oper-

ation code(COh) respectively. A5h must be don’t-cared. ﬁ;Oh\rrJegns hat device supports Multi Plane operation. The command regis-
ter remains in Read ID mode until further commands ‘are issued to'it. Figure 22 shows the operation sequence.
N\

\, A\,
N\
Figure 22. Read ID Operation 1/ \
I N
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RESET

The device offers a reset feature, executed by writing FFh to the command register. When the device is in Busy state during random

read, program or erase mode, the reset operation will abort these operations. The contents of memory cells being altered are no

longer valid, as the data will be partially programmed or erased. The command register is cleared to wait for the next command, and

the Status Register is cleared to value COh when WP is high. Refer to table 5 for device status after reset operation: Ifthe device is

already in reset state a new reset command will not be accepted by the command register. The R/B pin transitiop§ (t?)\lo\\?\r(o\r tRST
.

after the Reset command is written. Refer to Figure 23 below. ( ,\\\ ~_
~ ( “ N ~/
S \\\ \\\\>
Figure 23. RESET Operation OO
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Table5. Device Status
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READY/BUSY

The device has a R/B output that provides a hardware method of indicating the completion of a page program, erase and random
read completion. The R/B pin is normally high but transitions to low after program or erase command is written to the command reg-
ister or random read is started after address loading. It returns to high when the internal controller has finished the operation. The pin
is an open-drain driver thereby allowing two or more R/B outputs to be Or-tied. Because pull-up resistor value is relatedte tr(R/B) and
current drain during busy(ibusy) , an appropriate value can be obtained with the following reference chart(Fig 24)/.& I@\(a\TDg\can be
determined by the following guidance. >

Rp

ibus
Vcc Y
r-0— - - —=-—-—- ==
I .
| Ready Vcc
| I
! I open drain output !
| I !
I I : i
I I ' |
I I : !
I I .
I I -
| | cotf
I I . ¢ )
1 GND | (\\ - N | Y4
L —- - - = = - \\\ \\\ \/
i Device />> \\\ W/
. / TN
Fig 24 Rpvstr tf &| lép vs\)lpusy
\ \\\ //‘
/> ~
/)
@/X//dc 3.3V, Ta=25°C, C_ = 100pF
“
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g 300n - 3m z
- >
— (2]
200N dom 32
£
100N == —+1m

AL . 1K 2K 3K 4K
A~ O\ <\/ Rp(ohm)

. \\\\:\\\ \\
Rp value guidance RN >

",
\\ is N
J
Rp(min) = \G(M‘ax) VoL(Ma ax.) 3.2v
AN \TOE+JSIL B 8mA + SIL

/\\\\ SN
where L |§@\e\ sum thhe input currents of all devices tied to the R/B pin.
SN N\
Rg(makx\g&ete@med by maximum permissible limit of tr

\\\\ >
~/
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Data Protection

The device is designed to offer protection from any involuntary program/erase during power-transitions. An internal voltage detector
disables all functions whenever Vcc is below about 2V. WP pin provides hardware protection and is recommended to be kept at ViL
during power-up and power-down. A recovery time of minimum 10ns is required before internal circuit gets ready for any command

Figure 25. AC Waveforms for Power Transition
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Package Dimensions

48-Pin Lead Plastic Thin Small Out-Line Package Type(l)
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