ESMT

(Preliminary)

F59L512M81A

Flash

512Mbit (64M x 8)
3.3V NAND Flash Memory

FEATURES

« Voltage Supply: 2.7V ~ 3.6V
« Organization
- Memory Cell Array: (64M + 2M) x 8bit
- Data Register: (2K + 64) x 8bit
« Automatic Program and Erase
- Page Program: (2K + 64) Byte
- Block Erase: (128K + 4K) Byte
« Page Read Operation
- Page Size: (2K + 64) Byte
- Random Read: 25us (Max.)
- Serial Access: 25ns (Min.)
« Memory Cell: 1bit/Memory Cell
« Fast Write Cycle Time
- Program time: 250us (Typ.)
- Block Erase time: 2ms (Typ.)
« Command/Address/Data Multiplexed 1/0O Port
« Hardware Data Protection
- Program/Erase Lockout During Power Transitions
« Reliable CMOS Floating Gate Technology
- ECC Requirement: 4 bit/512 Byte
- Endurance: 100K Program/Erase cycles
- Data Retention: 10 years

ORDERING INFORMATION

« Command Register Operation

« Automatic Page 0 Read at Power-Up Option
- Boot from NAND support
- Automatic Memory Download

« NOP: 4 cycles

« Cache Program Operation for High Performance Program
« Cache Read Operation

« Copy-Back Operation

« EDO mode

o OTP Operation

« Bad-Block-Protect

Product ID Speed Package Comments
F59L512M81A -25TG 25ns 48 pin TSOPI Pb-free
GENERAL DESCRIPTION

The device is a 64Mx8bit with spare 2Mx8bit capacity. The
device is offered in 3.3V Vcc Power Supply. Its NAND cell
provides the most cost-effective solution for the solid state mass
storage market. The memory is divided into blocks that can be
erased independently so it is possible to preserve valid data
while old data is erased.

The device contains 512 blocks, composed by 64 pages
consisting in two NAND structures of 32 series connected Flash
cells. A program operation allows to write the 2,112-Byte page in
typical 250us and an erase operation can be performed in typical
2ms on a 128K-Byte for X8 device block.

Data in the page mode can be read out at 25ns cycle time per
Word. The I/O pins serve as the ports for address and command
inputs as well as data input/output. The copy back function

allows the optimization of defective blocks management: when a
page program operation fails the data can be directly
programmed in another page inside the same array section
without the time consuming serial data insertion phase. The
cache program feature allows the data insertion in the cache
register while the data register is copied into the Flash array.
This pipelined program operation improves the program
throughput when long files are written inside the memory. A
cache read feature is also implemented. This feature allows to
dramatically improving the read throughput when consecutive
pages have to be streamed out. This device includes extra
feature: Automatic Read at Power Up.
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(Preliminary) F59L512M81A

PIN CONFIGURATION (TOP VIEW)

(TSOPI 48L, 12mm X 20mm Body, 0.5mm Pin Pitch)
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Pin Description

Symbol Pin Name Functions
The 1/O pins are used to input command, address and data, and to output data
I/00~1/O7 | Data Inputs / Outputs | during read operations. The 1/O pins float to Hi-Z when the chip is deselected or
when the outputs are disabled.
The CLE input controls the activating path for commands sent to the internal
CLE Eon;)rpand Latch command registers. Commands are latched into the command register through the
nable —
I/O ports on the rising edge of the WE signal with CLE high.
The ALE input controls the activating path for address sent to the internal address
ALE Address Latch Enable | registers. Addresses are latched into the address register through the 1/0 ports on
the rising edge of WE with ALE high.
The CE input is the device selection control. When the device is in the Busy state,
CE Chip Enable CE high is ignored, and thed_evice does not return to standby mode in program or
erase operation. Regarding CE control during read operation, refer to 'Page read’
section of Device operation.
s The RE input is the serial data-out control, and when it is active low, it drives the
RE Read Enable data onto the I/0 bus. Data is valid trea after the falling edge of RE which also
increments the internal column address counter by one.
— . The WE input controls writes to the 1/0 port. Commands, address and data are
WE Write Enable i
latched on the rising edge of the WE pulse.
WP Write Protect The WP pin provides inadvertent write/erase protectm during power transitions.
The internal high voltage generator is reset when the WP pin is active low.
The R/B output indicates the status of the device operation. When low, it indicates
R/B Ready / Busy Output that a program, erase or rapdom read opergtion is in process and returns to high
state upon completion. It is an open drain output and does not float to Hi-Z
condition when the chip is deselected or when outputs are disabled.
Vece Power Vcc is the power supply for device.
Vss Ground
NC No Connection Lead is not internally connected.

Note: Connect all Vcc and Vss pins of each device to common power supply outputs. Do not leave V¢ or Vss disconnected.
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ESMT (Preliminary) F59L512M81A

BLOCK DIAGRAM
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ARRAY ORGANIZATION
e / -1 Block = 64 Pages
- f,.,{,f (128K + 4K) Bytes
A 1 Page = (2K + B4) Eytes
39K Pages SR s 1 Block ={2K + G4) Bytes x 64 Pages
=512 Blocks - = (128K + 4E) Bytes
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-~ : 7 o0 -107
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2K Bytes 4 Bytes
Address Organization
1100 1101 1102 1/103 1104 1105 1/06 1107 Address
1st cycle A0 A1 A2 A3 A4 A5 A6 A7 Column Address
2nd cycle A8 A9 A10 A11 L* L* L* L* Column Address
3rd cycle A12 A13 A14 A15 A16 A17 A18 A19 Row Address
4th cycle A20 A21 A22 A23 A24 A25 A26 L* Row Address

Note:

Column Address: Starting Address of the Register.

*L must be set to “Low”.

* The device ignores any additional input of address cycles than required.
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ESMT (Preliminary) F59L512M81A

Product Introduction

The device is a 528Mbit memory organized as 32K rows (pages) by 2,112x8 columns. Spare 64x8 columns are located from column
address of 2,048~2,111. A 2,112-byte data register is connected to memory cell arrays accommodating data transfer between the 1/0
buffers and memory during page read and page program operations. The program and read operations are executed on a page basis,
while the erase operation is executed on a block basis. The memory array consists of 4,096 separately erasable 128K-byte blocks. It
indicates that the bit-by-bit erase operation is prohibited on the device.

The device has addresses multiplexed into 8 1/0Os. This scheme dramatically reduces pin counts and allows system upgrades to future
densities by maintaining consistency in system board design. Command, address and data are all written through 1/O's by bringing
WE to low while CE is low. Those are latched on the rising edge of WE . Command Latch Enable (CLE) and Address Latch
Enable (ALE) are used to multiplex command and address respectively, via the I/O pins. Some commands require one bus cycle. For
example, Reset Command, Status Read Command, etc require just one cycle bus. Some other commands, like page read and block
erase and page program, require two cycles: one cycle for setup and the other cycle for execution.

In addition to the enhanced architecture and interface, the device incorporates copy-back program feature from one page to another
page without need for transporting the data to and from the external buffer memory.

Command Set

Function 1st Cycle 2nd Cycle Accedpta!ale R
uring Busy
Read 00h 30h
Read for Copy Back 00h 35h
Read ID 90h -
Reset FFh - o
Page Program 80h 10h
Copy-Back Program 85h 10h
Block Erase 60h DOh
Random Data Input(” 85h -
Random Data Output" 05h EOh
Read Status 70h - (0]
Cache Program 80h 15h
Cache Read 31h -
Read Start For Last Page Cache Read 3Fh -
Note:
1. Random Data Input / Output can be executed in a page.
Elite Semiconductor Memory Technology Inc. Publication Date: May 2013
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ESMT (Preliminary) F59L512M81A

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Rating Unit
Vece -06to+4.6
Voltage on any pin relative to Vss Vin -0.6to +4.6 \Y
Vio -0.6 to Vcc + 0.3 (< 4.6)
Temperature Under Bias Taias -40 to +125 T
Storage Temperature Tste -65 to +150 T
Short Circuit Current los 5 mA

Note:

1. Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be
restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.

RECOMMENDED OPERATING CONDITIONS
(Voltage reference to GND, Ta= 0 to 70°C)

Parameter Symbol Min. Typ. Max. Unit
Supply Voltage Vee 2.7 3.3 3.6 \%
Supply Voltage Vss 0 0 0 \%

DC AND OPERATION CHARACTERISTICS

(Recommended operating conditions otherwise noted)

Parameter Symbol Test Conditions Min. Typ. Max. Unit
Current Program lcc2 - - 15
Erase lccs - - 15
Stand-by Current (TTL) IsB1 CE =V, WP =0V/Vcc - - 1 mA
Stand-by Current (CMOS) IsB2 CE = Vg -0.2, WP =0V/ Vee - 10 50 uA
Input Leakage Current I Vin=0 to Vcc (max) - - 10 uA
Output Leakage Current lo Vour=0 to Ve (max) - - 10 uA
Input High Voltage Vit - 0.8 X Ve - Vec +0.3 | V
Input Low Voltage, All inputs v - -0.3 - 02xVec | V
Output High Voltage Level Vou lon=-400uA 2.4 - - V
Output Low Voltage Level VoL lot=2.1mA - - 0.4 \%
Output Low Current (R/B) lo. (R/B) | Vo=0.4V 8 10 - mA

Note:
1. Vi can undershoot to -0.4V and V|4 can overshoot to Vcc+0.4V for durations of 20ns or less.
2. Typical value are measured at Vcc =3.3V, Ta=25C. And not 100% tested.

VALID BLOCK

Symbol Min. Typ. Max. Unit
Nve 502 - 512 Blocks

Note:

1. The device may include initial invalid blocks when first shipped. The number of valid blocks is presented as first shipped. Invalid
blocks are defined as blocks that contain one or more bad bits which cause status failure during program and erase operation. Do
not erase or program factory-marked bad blocks. Refer to the attached technical notes for appropriate management of initial
invalid blocks.

2. The 1st block, which is placed on 00h block address, is guaranteed to be a valid block at the time of shipment and is guaranteed to
be a valid block up to 1K program/erase cycles with 4bit/512Byte ECC.

Elite Semiconductor Memory Technology Inc. Publication Date: May 2013
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ESMT (Preliminary) F59L512M81A

AC TEST CONDITION
(Ta=0to 70°C, Vcc=2.7V~3.6V, unless otherwise noted)
Parameter Condition
Input Pulse Levels 0V to Vece
Input Rise and Fall Times 5ns
Input and Output Timing Levels Vee /2
Output Load 1 TTL Gate and C_=50pF

Note: Refer to Ready/Busy section, R/B output’s Busy to Ready time is decided by the pull-up resistor (Rp) tied to the R/B pin.

CAPACITANCE
(Ta=25C, Vcc=3.3V, f=1.0MHz)
Item Symbol Test Condition Min. Max. Unit
Input / Output Capacitance Cio VL =0V - 8 pF
Input Capacitance CiN ViN =0V - 8 pF

Note: Capacitance is periodically sampled and not 100% tested.

MODE SELECTION

CLE ALE CE WE RE WP Mode
H L L [ H X Command Input
Read Mode d

L H L [ H X Address Input (5 clock)
H L L H H Command Input

E X Write Mode P
L H L [ H H Address Input (5 clock)
L L L [ H H Data Input
L L L H ¥ | X Data Output
X X X X H X During Read (Busy)
X X X X X H During Program (Busy)
X X X X X H During Erase (Busy)
X x" X X X L Write Protect
X X H X X OV/Vec® | Stand-by

Note:

1. Xcanbe V) or V.
2. WP should be biased to CMOS high or CMOS low for stand-by.

Elite Semiconductor Memory Technology Inc. Publication Date: May 2013
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(Preliminary)

F59L512M81A

Program / Erase Characteristics

Parameter Symbol Min. Typ. Max. Unit
Average Program Time trroG - 300 750 us
Dummy Busy Time for Cache Program tesy - 3 750 us
Number of Partial Program Cycles in the
Same Page Nor ) ) 4 Cycle
Block Erase Time tseRS - 3 10 ms
Dummy Busy Time for Two-Plane Page
Program toesy 0.5 1 us

Note:

1. Typical program time is defined as the time within which more than 50% of the whole pages are programmed at 3.3V V¢c and 25°C

temperature.

2. tprog is the average program time of all pages. Users should be noted that the program time variation from page to page is

possible.

3. Max. time of tcgsy depends on timing between internal program completion and data in.

AC Timing Characteristics for Command / Address / Data Input

Parameter Symbol Min. Max. Unit
CLE Setup Time ters') 12 - ns
CLE Hold Time toLH 5 - ns
CE Setup Time tcs 20 - ns
CE Hold Time ten 5 - ns
WE Pulse Width twe 12 - ns
ALE Setup Time tas'” 12 - ns
ALE Hold Time tALH 5 - ns
Data Setup Time tDS(” 12 - ns
Data Hold Time toH 5 - ns
Write Cycle Time twe 25 - ns
WE High Hold Time twn 10 - ns
Address to Data Loading Time tapL? 100 - ns

Note:

1. The transition of the corresponding control pins must occur only once while WE is held low.

2. tapL is the time from the WE rising edge of final address cycle to the WE rising edge of first data cycle.

Elite Semiconductor Memory Technology Inc.

Publication Date: May 2013
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ESMT (Preliminary) F59L512M81A
AC Characteristics for Operation
Parameter Symbol Min. Max. Unit
Data Transfer from Cell to Register tr - 25 us
ALE to RE Delay tar 10 - ns
CLEto RE Delay terr 10 - ns
Ready to RE Low trr 20 - ns
RE Pulse Width trp 12 - ns
WE High to Busy tws - 100 ns
T Low to VELOW (disable mode) o 100 s
WP High to WE Low (enable mode)
Read Cycle Time tre 25 - ns
RE Access Time treA - 20 ns
CE Access Time tcea - 25 ns
RE High to Output Hi-Z trHz - 100 ns
CE High to Output Hi-Z tenz - 30 ns
CE High to ALE or CLE Don’t Care tcsp 0 - ns
RE High to Output Hold trHOH 15 - ns
RE Low to Output Hold trLOH 5 - ns
CE High to Output Hold tcon 15 - ns
RE High Hold Time tren 10 - ns
Output Hi-Z to RE Low tir 0 - ns
RE Highto WE Low trHwW 100 - ns
WE Highto RE Low twHR 60 - ns
Read - 5 us
Device Resetting Program ¢ - 10 us
Time during ... Erase RST - 500 us
Ready - 51 us
Cache Busy in Read Cache ¢ 30
(following 31h and 3Fh) DCBSYR ) us

Note:
1. If reset command (FFh) is written at Ready state, the device goes into Busy for maximum 5us.

Elite Semiconductor Memory Technology Inc.

Publication Date: May 2013
Revision: 0.2
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ESMT (Preliminary) F59L512M81A

NAND Flash Technical Notes
Mask Out Initial Invalid Block(s)

Initial invalid blocks are defined as blocks that contain one or more initial invalid bits whose reliability is not guaranteed by ESMT. The
information regarding the initial invalid block(s) is called the initial invalid block information. Devices with initial invalid block(s) have the
same quality level as devices with all valid blocks and have the same AC and DC characteristics. An initial invalid block(s) does not
affect the performance of valid block(s) because it is isolated from the bit line and the common source line by a select transistor. The
system design must be able to mask out the initial invalid block(s) via address mapping.

The 1st block, which is placed on 00h block address, is guaranteed to be a valid block up to 1K program/erase cycles with 4bit/512Byte
ECC.

Identifying Initial Invalid Block(s) and Replacement Management

Unpredictable behavior may result from programming or erasing the defective blocks. The figure on next page illustrates an algorithm
for searching factory-mapped defects, and the algorithm needs to be executed prior to any erase or program operations.

A host controller has to scan blocks from block 0 to the last block using page read command and check the data at the column address
of 2048. If the read data is not FFh, the block is interpreted as an invalid block. Do not erase or program factory-marked bad blocks.
The host controller must be able to recognize the initial invalid block information and to create a corresponding table to manage block
replacement upon erase or program error when additional invalid blocks develop with Flash memory usage.

Elite Semiconductor Memory Technology Inc. Publication Date: May 2013
Revision: 0.2 9/40



ESMT (Preliminary) F59L512M81A

Algorithm for Bad Block Scanning

| stat |

| SetBlock Address = 0 |

Increase
Block
Address
1 Check “FFh” at column address 2048 of the
Create Initia first page and the second page
Imwalid Block
Tahle

no
Last Block?

YHS

For (i=0; i<Num_of_LUs; i++)
For (j=0; j<Blocks_Per_LU; j++)
{
Defect_Block _Found=False;
Read_Page(lu=i, block=j, page=0);
If (Data[coloumn=0]'=FFh) Defect Block Found=True;
If (Data[coloumn=First Byte of Spare Area]'=FFh) Defect Block_Found=True;
Read_Page(lu=i, block=j, page=1);
If (Data[coloumn=0]'=FFh) Defect_Block_Found=True;
If (Data[coloumn=First Byte of Spare_ Area]!=FFh) Defect Block_Found=True;
If (Defect_Block_Found) Mark_Block_as_Defective(lu=i, block=j);
}
}
Elite Semiconductor Memory Technology Inc. Publication Date: May 2013
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ESMT (Preliminary) F59L512M81A

Error in write or read operation

Within its lifetime, 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 failure after
erase or program, block replacement should be done. Because program status fail during a page program does not affect the data of
the other pages in the same block, block replacement can be executed with a page-sized buffer by finding an erased empty block and
reprogramming the current target data and copying the rest of the replaced block. In case of Read, ECC must be employed. To
improve the efficiency of memory space, it is recommended that the read or verification failure due to single bit error be reclaimed by
ECC without any block replacement. The additional block failure rate does not include those reclaimed blocks.

Failure Mode Detection and Countermeasure sequence
Write Erase failure Read Status after Erase — Block Replacement
Program failure Read Status after Program — Block Replacement
Read Up to 4 bits failure | Verify ECC — ECC Correction

Note: Error Correcting Code --> RS Code or BCH Code etc.
Example: 4bit correction / 512 Byte

Program Flow Chart

Write Address
Yes

Witkite Data

hark Bad Block

Read Status Program Completed % Peplace Block

Register

Elite Semiconductor Memory Technology Inc. Publication Date: May 2013
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Erase Flow Chart

Wtite DOR
Read
Status

Erase Completed Mark Bad Block
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Read Flow Chart

v

ECC Generation

Witite
Address

Reclaim the Error

Fage Head

Completed
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Block Replacement
Block A

Ist

{11 th

nth —f An error occurs,

page @

Buffer memory of the:
controller

Block B

| st @
in=1)th

nth —  An error occurs,

¥ Step |

When an error happens in the nth page of the Block "A" during erase or program
operation.

pagze & f;tq.‘]'.l 2

Copy the data in the 1st = (n-1)th pape to the same location of another free
block. {Block "B

¥ Siep 3

Then, copy the nth page data of the Block "A" in the buffer memory to the nth
page of the Block "B

¥ Btep 4

Do not erase or program to Block "A" by creating an 'invalid block” table or
ather appropriate scheme.

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) pages of the block. Random page address programming is prohibited. In this case, the definition of LSB page is the LSB
among the pages to be programmed. Therefore, LSB page doesn’t need to be page 0.

Page 63 (64) Page 63 (54)
Page 31 (32 Page 31 (1
Page 2 (3) Page 2 (3)
Page 1 i2) Paye 1 (32)
Page 0 (1) Page 0 (2)

b £ E I My b

Data register Data register

From the LSB page to MSB page Ex ) Random page program (Prohibition)
DATA IN: Data (1) — Data (64) DATA IN: Data (1) —» Data (64)
Elite Semiconductor Memory Technology Inc. Publication Date: May 2013
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ESMT (Preliminary) F59L512M81A

System Interface Using CE don’t-care

For an easier system interface, CE may be inactive during the data-loading or serial access as shown below. The internal 2,112byte
data registers are utilized as separate buffers for this operation and the system design gets more flexible. In addition, for voice or audio

applications that use slow cycle time on the order of p-seconds, de-activating CE during the data-loading and serial access would
provide significant savings in power consumption.

Program/Read Operation with “CE not-care”

L0010 | 0]

i § F o sal care
CLE i

ﬂfw Lﬂfw

_ L8] | 1icH _ HCEA |
Cl CE

R —_ REA !
WE W RE
Ir'IL —Ei

1 ;: ,;! TE do ol eare

Start Address (5Cyeles)

CLE

[ I R !
|= =
(L)
(KFH Start Address (5Cycles) { [rata Crutpant }7
Address Information
1/10 DATA ADDRESS
1/0x Data In / Out Col. Add1 Col. Add2 Row Add1 Row Add2
1/100~7 2112 Byte AO0 ~ A7 A8 ~ A11 A12 ~ A19 A20 ~ A26
Elite Semiconductor Memory Technology Inc. Publication Date: May 2013
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ESMT (Preliminary) F59L512M81A

Command Latch Cycle

r tCs w10 H

e A
CLE i+ Y

e A

tAP —
WE b i

tDSADL—D‘ iDH

Address Latch Cycle

r o5 Ly

%

CLE -—chs -

r—mLS—»Di tALH r—mLS—Dbli' tALH r—mLs—»ﬂ taLH r—mLs—»ﬂ tALH

Me _ / L 4 R 4 R 4 R
WG

twe twe
twp—rr—:ww, AP —Bp—— AP —pp—— 1 TP ———— iy

WE
: s> R
!"—!DSA.LFDH r—iDQAJ-r\DH r—iDu—N—rlDH r—tDS DH
Vox
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ESMT (Preliminary) F59L512M81A

Input Data Latch Cycle

p—1CH- >

G % a
P—1{CLH

GLE 55 _.I,—.-ﬁ_

ALE lf_ §

C p—tH —
F—'. P L—-‘ P p—o WP
| e

N % § N o
ElS ey

1DH
D r—b D]

1o G

tiH

Tf

Serial access Cycle after Read (CLE =L, ALE =1L, WE = H)

?ﬂ'
FREH.‘ t: toHE
r tRC & tCOoOH
RE N SN S )
t.—' tRHOH
P—f| tREA P—>| tREA tRHS tREA RHIM

.
"

o 55 G
r—iﬁR—b

RIE i \

Note:

1. Dout transition is measured at +200mV from steady state voltage at /0 with load.
2. trron starts to be valid when frequency is lower than 33MHz.
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ESMT (Preliminary) F59L512M81A
Serial access Cycle after Read ( EOD Type CLE =L, ALE =L, WE = H)
= 0
CE 77 ”
tcHz .
e IREH '
"’ ‘_/h / T
] trRHZ
tREA tREA .
tRLOH RHOH .
tcEA > , '
L /
17C¢ Dout % 7 Dout —
A, 'JE
trRR '
)
RIE
NOTE:
1. Transition is measured at +/-200mV from steady state voltage with load.
This parameter is sample and not 100% tested. (tchz, trrz)
2. trLoH is valid when frequency is higher than 33MHz.
trHoH Starts to be valid when frequency is lower than 33MHz.
Status Read Cycle
\‘ {CLR
CLE X
I {CLS >k
ey . s Wi A vk
CE * !E{/’-%%// 5‘ E /////j///////////_/;
tcH
_ '['-a'-.':*—:-ﬁIr
WE
ICEA tcHZ
tWHR
RE ol
tDS—km IR [REA Rz =
i o i TRHOH"
lI0x { 7onF1h 2 Status Output}————
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Read Operation

E

!

i —D-I

p—IR—

%

1#F

)

)

p—tRC — b 1RH
e ENE
Colurnn Address Lo Address .8 L& F'l RR
vax [ Don Yool e Col Pedz ¥ Ao AE o RowAdn: i a0n :'— e qp - =
RiE LRUSY N
Read Operation (Intercepted by@)
E TN ) 757
r M IGLR [ 5 I
L o, AL | AN
r b R h--r1r.‘.:.:|.‘-
ALE 7 S | n |
. r-—'.'-.“s"_‘ —u-| r-—‘.fl—b-
I T N N N a N a
| p——1RC— B 1CHE
e L = S
Column Addres = Row Addres s 1A i | 1C0H
woe [ oon Wool ddl ) Col Add? N RowAddd i RowAddz i 30h 1——{nnum b—{ Dout N+l —+ Dout e f——
RE e BUEY i
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ESM (Preliminary) F59L512M81A
Random Data Output In a Page
= . !
r—b tCLR :
AR |
e / \ — !
r—tR—b b—tiQHW—b|
TE \ T oy T S £y ..Iz—-/ | .
= N S S
Column Address W Row Address B D—bl tRR :
wow [ 0Oh W ColAddl W ColAdd2 3 RowAddl ¢ RowAdd2 3¢ 30h ——(DoutN__ ) —{Douth+1_}— £ osh
RE < BUSY o 1
I_ -
_ 11
CE 1
1 rtCLRb
i 1 s P
|
ALE 1 7 b
tIEHW—b| r—tWHR—b
i | 3 P P TS ¥
RE 1 % i
1 Caolumr Address b REA
wox __——~¢ush W ool Addl Y ColAddZ 3 EOh ——{DoutM__—{ Doutb+1_
1
RE I
)
112

Page Program Operation

® Ty nn
clE A X EE

~ A~

p——tAOL ——

p)

3DinM_ 33— 10n

o [ B0k SCcolAddt 3 Col AddZ ¥ Row Addl % RowAddZz _y——(DinMN )qk
{1

RIE

p)

W0 =0 Successful Program
W0 =1 Errarin Program
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Page Program Operation with Random Data Input
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= T\ nn :
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yox L ash 3€ Col. Add1 i}{-cm.Addz 34—+ DinJ 4 W 3 Dink 10h i IC i 70h [
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Note: tap. is the time from WE rising edge of final address cycle to the WE rising edge of first data cycle.
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Copy-Back Operation with Random Data Input
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Cache Program Operation
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Cache Read Operation

| Cod Adad D Gl Add O Col Aod.
vou WOl OO -G O -G O —— D
: Page addmezs M+1 | Page addrezs M4-2 | Page addnezz M+3
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Block Erase Operation

CE ; .
CLE v b v b ! Y
ALE i Y 7 \

p—t 345‘ IBERS —m
WE & 5N A P / \ Jl“f
_ —
RE Al |1|| E—: ik rr.. = L\\—/
Setup Command Row Address M 1AE tHR
vox [ eon Y RowAdd] X RowAdd2 Y Doh ) ! (7on - {100 —
Rib Erase Mﬂf W00 =0 Successiul Erase
Command i30 =1 Errar in Erase
Read ID Operation
CE y
GLE T
r—')F _
BLE ! L
T/ S
- r.l-: A > (i p|
RE * | £ X £ X £ By of W S
vor ——{00h  }———00h 3 {lete. Clndes. F——( e 3——dhoe 3 (e 3
Resd 1D Commant Ardreas Toyele Waker Cote Devee Code

ID Definition Table
ID Access command = 90h

1% Cycle 2" Cycle rd th th

(Maker Code) | (Device Code) | > CcY¢le GE G G0
C8h DOh 90h 95h 30h
Description

1% Byte Maker Code

2" Byte Device Code

3™ Byte Internal Chip Number, Cell Type, etc

4" Byte Page Size, Block Size, etc

5 Byte Plane Number, Plane Size, ECC Level
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3rd ID Data
Description 1107 1/106 1105 1104 1/103 1/02 1/01 1/00
1 0 0
. 2 0 1
Internal Chip Number 4 1 0
8 1 1
2 Level Cell 0 0
4 Level Cell 0 1
Cell Type 8 Level Cell 1 0
16 Level Cell 1 1
Reserved Reserved 0 1
Interleave Program Not Support 0
Between multiple chips | Support 1
Not Support 0
Cache Program Support 1
4th ID Data
Description 1107 1/106 1/105 1/104 1/103 1/02 1/01 1/00
1KB 0 0
Page Size 2KB 0 1
(w/o redundant area) 4KB 1 0
8KB 1 1
Redundant Area Size 8 0
(byte/512byte) 16 1
64KB 0 0
Block Size 128KB 0 1
(w/o redundant area) 256KB 1 0
512KB 1 1
o x8 0
Organization 16 1
45ns 0 0
. . Reserved 0 1
Serial Access Time 25ns 1 0
Reserved 1 1
5th ID Data
Description 1107 1106 1105 1104 1/103 1102 1101 1/00
4bit/512B 0 0
ECC Level 2b!t/5128 0 1
1bit/512B 1 0
Reserved 1 1
1 0 0
2 0 1
Plane Number 4 1 0
8 1 1
64Kb 0 0 0
128Kb 0 0 1
256Kb 0 1 0
Plane Size 512Kb 0 1 1
(w/o redundant area) 1Gb 1 0 0
2Gb 1 0 1
4Gb 1 1 0
8Gb 1 1 1
Reserved Reserved 0 0 0
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DEVICE OPERATION
Page Read

Upon initial device power up, the device defaults to Read mode. This operation is also initiated by writing 00h command, five-cycle
address, and 30h command. After initial power up, the 00h command can be skipped because it has been latched in the command
register. The 2,112Byte of data on a page are transferred to cache registers via data registers within 25us (tr). Host controller can

detect the completion of this data transfer by checking the R/ B output. Once data in the selected page have been loaded into cache

registers, each Byte can be read out in 25ns cycle time by continuously pulsing RE . The repetitive high-to-low transitions of RE
clock signal make the device output data starting from the designated column address to the last column address.

The device can output data at a random column address instead of sequential column address by using the Random Data Output
command. Random Data Output command can be executed multiple times in a page.

After power up, device is in read mode so 00h command cycle is not necessary to start a read operation.

A page read sequence is illustrated in the figure below, where column address, page address are placed in between commands 00h
and 30h. After tr read time, the R/B de-asserts to ready state. Read Status command (70h) can be issued right after 30h. Host
controller can toggle RE to access data starting with the designated column address and their successive bytes.

e |0 M0 [ |
ar [ | ) [
ALE | . |
= LML

= i HgEp¥aligizliy

W - -
RB . ® |
10x —\ 00h J Address (4eycles) x b — — Data Output( Serial Access) —
Col Add. 12 & Row Add. 1.2
(00h Command)
-t L
Data Field
-
Y o
Spare Field
— =
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Random Data Output In a Page

E
:

|
— 1
RB I |
) —{ ook :l: Address 4 cveles I:':I 30h I: l: Data Output( Serial Access) I'—I'
L'Ox | i - i) / \ I
Col. Add. 1.2 & Row Add. 1,2 1)
| E—

Data Field

-
| his
Spare Field
—» | [
"o L LT
| . _
-
E/B I
f \ [ \ \ f | f L]
{ 0sn fColtl fCol2] } { : ( Seri )
LOx '!— 05h ,.Hlﬂﬂl-ﬂ.--.,“l- A Edh / | Data Output{ Serial Access) ,"I
(1! Col. Add. 1.2
L_.! A
] -
Data Field
-
Spare Field
I = [ ]
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Page Program

The device is programmed based on the unit of a page, and consecutive partial page programming on one page without intervening
erase operation is strictly prohibited. Addressing of page program operations within a block should be in sequential order. A complete
page program cycle consists of a serial data input cycle in which up to 2,112byte of data can be loaded into data register via cache
register, followed by a programming period during which the loaded data are programmed into the designated memory cells.

The serial data input cycle begins with the Serial Data Input command (80h), followed by a five-cycle address input and then serial data
loading. The bytes not to be programmed on the page do not need to be loaded. The column address for the next data can be changed
to the address follows Random Data Input command (85h). Random Data Input command may be repeated multiple times in a page.
The Page Program Confirm command (10h) starts the programming process. Writing 10h alone without entering data will not initiate
the programming process. The internal write engine automatically executes the corresponding algorithm and controls timing for
programming and verification, thereby freeing the host controller for other tasks. Once the program process starts, the host controller

can detect the completion of a program cycle by monitoring the R/B output or reading the Status bit (I/O6) using the Read Status
command. Only Read Status and Reset commands are valid during programming. When the Page Program operation is completed,
the host controller can check the Status bit (I/O0) to see if the Page Program operation is successfully done. The command register
remains the Read Status mode unless another valid command is written to it.

A page program sequence is illustrated in the figure below, where column address, page address, and data input are placed in

between 80h and 10h. After terog program time, the R/B de-asserts to ready state. Read Status command (70h) can be issued right
after 10h.

Program & Read Status Operation

RB

A
Y

Ty 7 ) Ty
10 —Iii]l'u_j'—:\.-fnddrcss& Dmalnplit;'l {:L}l'u I

Col. Add. 1,2 & Row Add. 1,2
Data

Fail

Random Data Input In a page

_ -
RT3 L tFROG

N o Ty ; o B e Ve
vox —{ gon j—{ Address 8N [ pgy ) Address & — 1on h {
"/ \Daanpu,/ \ "7 ) \Daalnpu,/ N\ J N
Col. Addl 1.2 & Row Add. 1.2 Col. Add 1,2
Data Data
Fail
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Cache Program

Cache Program is an extension of Page Program, which is executed with 2,112 byte data registers, and is available only within a block.
Since the device has 1 page of cache memory, serial data input may be executed while data stored in data register are programmed
into memory cell.

After writing the first set of data up to 2,112 bytes into the selected cache registers, Cache Program command (15h) instead of actual
Page Program (10h) is inputted to make cache registers free and to start internal program operation. To transfer data from cache
registers to data registers, the device remains in Busy state for a short period of time (tcgsy) and has its cache registers ready for the
next data-input while the internal programming gets started with the data loaded into data registers. Read Status command (70h) may
be issued to find out when cache registers become ready by polling the Cache-Busy status bit (I/O6). Pass/fail status of only the
previous page is available upon the return to Ready state. When the next set of data is inputted with the Cache Program command,
teasy is affected by the progress of pending internal programming. The programming of the cache registers is initiated only when the
pending program cycle is finished and the data registers are available for the transfer of data from cache registers. The status bit (1/05)
for internal Ready/Busy may be polled to identity the completion of internal programming. If the system monitors the progress of

programming only with R/E, the last page of the target programming sequence must be programmed with actual Page Program
command (10h).

Cache Program (available only within a block)

WCBSY CBSY I
|

!
rRE |

| — : — : — I
N ™ I Ny
10 —Hkﬁllh /,'—:\Addruss& Data Inpul}' —( 15h ,/] .\hﬁflh j.'—(:hddrl:ss& Data Innu_tjl-—l\ I5h ————1»

B T S
! Col. Add. 1.2 & Row Add. 1,2 Col. Add. 1,2 & Row Add. 1.2 !
[hata [hata ==
o > Ll
Max. 63 times repeatable
| - »
RE | tPROG
| - .
N '
110 —:-I\ﬁ — Address & Data Inmlﬁl—l\ L]h)
. Col. Add. 1,2 & Row Add. 1,2
== Dhata
Pl - -
- Last Page Input and Program
Note:

1. Since programming the last page does not employ caching, the program time has to be that of Page Program. However, if the
previous program cycle with the cache data has not finished, the actual program cycle of the last page is initiated only after
completion of the previous cycle, which can be expressed as the following formula.

2. tprog = Program time for the last page + Program time for the (last-1)th page — (Program command cycle time + Last page data
loading time)
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Copy-Back Program

Copy-Back Program is designed to efficiently copy data stored in memory cells without time-consuming data reloading when there is
no bit error detected in the stored data. The benefit is particularly obvious when a portion of a block is updated and the rest of the block
needs to be copied to a newly assigned empty block. Copy-Back operation is a sequential execution of Read for Copy-Back and of
Copy-Back Program with Destination address. A Read for Copy-Back operation with “35h” command and the Source address moves
the whole 2,112byte data into the internal buffer. The host controller can detect bit errors by sequentially reading the data output.
Copy-Back Program is initiated by issuing Page-Copy Data-Input command (85h) with Destination address. If data modification is
necessary to correct bit errors and to avoid error propagation, data can be reloaded after the Destination address. Data modification
can be repeated multiple times as shown in Figure 33. Actual programming operation begins when Program Confirm command (10h) is
issued. Once the program process starts, the Read Status command (70h) may be entered to read the status register. The host

controller can detect the completion of a program cycle by monitoring the R/B output, or the Status bit (I/O6) of the Status Register.
When the Copy-Back Program is complete, the Status Bit (I/O0) may be checked. The command register remains Read Status mode
until another valid command is written to it.

Page Copy-Back Program Operation

-
BB \ﬂ tPROG
'|—|
Iy

— S — _'ﬁ—
e e s N e ™, ¢ Address
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. - _ . ¥
- e e — _‘Ll_ _ YeEs
Col Add. 1.2 & Row Add. 1.2 Col. Add 1,2 & Row Add. 1__2
Source Address Destination Address
Fail
Page Copy-Back Program Operation with Random Data Input
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|
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There is no limitation for the
number of repetition
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Block Erase

The block-based Erase operation is initiated by an Erase Setup command (60h), followed by a three-cycle row address, in which only
Plane address and Block address are valid while Page address is ignored. The Erase Confirm command (DOh) following the row
address starts the internal erasing process. The two-step command sequence is designed to prevent memory content from being
inadvertently changed by external noise.

At the rising edge of WE after the Erase Confirm command input, the internal control logic handles erase and erase-verify. When the
erase operation is completed, the host controller can check Status bit (1/00) to see if the erase operation is successfully done. Figure
30 illustrates a block erase sequence, and the address input (the first page address of the selected block) is placed in between

commands 60h and DOh. After tzerase erase time, the R/B de-asserts to ready state. Read Status command (70h) can be issued right
after DOh to check the execution status of erase operation.

Block Erase Operation

TES {BERS

N 7 T
10 { a0h Address Input ) Doh |
\ \ i U ress Inpu ,/'_lx_ y

Row Add. 1.2

Read Status

A status register on the device is used to check whether program or erase operation is completed and whether the operation is
completed successfully. After writing 70h/F1h command to the command register, a read cycle outputs the content of the status

register to /O pins on the falling edge of CE or RE, whichever occurs last. These two commands allow 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
toggle for status change.

The command register remains in Read Status mode unless other commands are issued to it. Therefore, if the status register is read
during a random read cycle, a read command (00h) is needed to start read cycles.

Status Register Definition for 70h Command

110 Page Program Block Erase Read Cache Read Definition
1/100 Pass / Fall Pass / Fail NA NA Pass: "0” Fail: "1”
1/101 NA NA NA NA Don’t cared
NA NA NA NA )
1102 (Pass / Fail, OTP) Don’t cared
1103 NA NA NA NA Don't cared
1104 NA NA NA NA Don’t cared
1105 NA NA NA True Ready / Busy | Busy: 0" Ready: "1”
1/06 Ready / Busy Ready / Busy Ready / Busy Ready / Busy Busy: "0” Ready: "1”
1107 Write Protect Write Protect Write Protect Write Protect Protected: "0 an
Not Protected: "1
Note:

1. 1/Os defined 'NA’ are recommended to be masked out when Read Status is being executed.
2. n:current page, n-1: previous page.
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Read ID
The device contains a product identification mode, initiated by writing 90h to the command register, followed by an address input of 00h.

Four read cycles sequentially output the manufacturer code (C8h), and the device code and 3rd, 4th and 5th cycle ID respectively. The
command register remains in Read ID mode until further commands are issued to it.

Read ID Operation

e X
GLE _ F N
r—',‘F —
BLE / ‘-‘
WE T % F s B
- r.l-: 2 3 tri l-|
TE k. | P . £ 3 P £
vor ——(80h 3 oah —ifstoye b {dndoye i p——d(dhar  p——(8har  pb—
Teed 1D Gammand AHdress ":".l'- Maker Gode Dewice Gade
ID Definition Table
ID Access command = 90h
st nd
(Mlkecl:')g::ie) (D:viczygzie) 3 Cycle 4" Cycle 5" Cycle
C8h DOh 90h 95h 30h

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. If the device is already in reset state a new reset command will be
accepted by the command register. The R/B pin changes to low for trst after the Reset command is written. Refer to Figure below.

-t -
RB tRST
oy

11Ox i FFh | -

X \ 1 /
Device Status

After Power-up After Reset
Operation mode 00h Command is latched Waiting for next command
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Cache Read

Cache Read is an extension of Page Read, and is available only within a block. The normal Page Read command (00h-30h) is always
issued before invoking Cache Read. After issuing the Cache Read command (31h), read data of the designated page (page N) are
transferred from data registers to cache registers in a short time period of tpcesyr, and then data of the next page (page N+1) is
transferred to data registers while the data in the cache registers are being read out. Host controller can retrieve continuous data and
achieve fast read performance by iterating Cache Read operation. The Read Start for Last Page Cache Read command (3Fh) is used

to complete data transfer from memory cells to data registers.

CLE —ﬂ

ae |/ \L2A

D)
odBsTR |
k4 i
® 1®

YN G o)

RIE m?s‘fl‘R 1 ﬂ:FBlﬂlR | ECBSYR |
RS R - m -
® ® o) ® ®

Data Cache @(: (: — Pagell

Call Array > >

Pags N +1
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m— o=

PageN-H

Paga N +2
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READY/BUSY

The device has an 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
register 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 related to tr(R/g)
and current drain during busy (ibusy), an appropriate value can be obtained with the following reference chart. Its value can be

determined by the following guidance.

tr tf [=]

ibuzy
Vee Y
r¢———— - —-—-—- -
I I . 3.3 device - Voo - 0.4V, Vo 24V
l A Ready Ved
[ T
[ I REB |
I open drain output " VoL: 0.4, Vow: 2.4V
| 1 'y
! I - AN
! ! + S VoL Y
| [ v 7
I I ' Busy
| | ! 1
| | ! if
| I
| GND |
Device
Rp vs tggomg vs CL
@ Vecm 33V, Ta m26°C, Gy = 60pF
24
g
200 \\\”3'-!*? o om
, o - =
150~ I
Ng
1000 W~ L m
tr_,.---”j ~H -
5 -~ 18
. a
3 i [i] 38
L o 0
| | | |
1K 2K 3K 4K
Rplshm)
Rp value guidence
. Vee (Max.) - VoL (Max. 32V
Rp (min) = ( ) ( )
ToL + 2IL smA+ 2IL

where I is the sum of the input currents of all devices tied to the R/ B pin.

Rp (max) is determined by maximum permissible limit of tr

VCH
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Data Protection & Power-up 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 R/B signal indicates the Busy state as shown in the figure below. In this time period, the acceptable
commands are 70h.

The WP signal is useful for protecting against data corruption at power on/off.

AC Waveforms for Power Transition

~23V [y | ~23V
Vee % | \
i
= i

_ Don't care 5 ms max Ope?arion |
WE [N > S —— e »|
_ Inwvalid ——
RB . Don't care
e '
100 us

Write Protect Operation

Enable WP during erase and program busy is prohibited. The erase and program operations are enabled and disable as follows.

Enable Programming:

WE

10

WP

= |
R/'B - >
tWW (Min. 100 ms)

Note: WP keeps “High” until programming finish.
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Disable Programming:

1 1 “
|\i__
W !
I
10 I I I/ B0h i 10h  } L
I [ _
|
WP |
|
T
— | |
R'B - —

EWW (Mdin 100ms)

Enable Erasing:

1 1 0
_ iy
WE I
I
I W o)
10 {  6ih i Dih -
| | N
| I
Wwr !
I
RB I I
- -
EWW (i 100ms)
Note: WP keeps “High” until erasing finish.
Disable Erasing:
| 1 -
— t
WE !
|
I | . .
1i0x | I 6ih { DOh -
I I
— I
iy ]
WE !
R/B I !
- -
tWW (Min 100 ns)
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PACKING DIMENSION

48-LEAD  TSOP(I) ( 12x20 mm )

o~
0o
T

E

OO0 0AAnnannannannman
BRI R

N
=

S | SECTION B-B

\See Detail F B

Dimension in mm Dimension in inch Dimension in mm Dimension in inch
Symbol Min | Norm | Max | Min | Norm | Max Symbol Min | Norm | Max | Min | Norm | Max
A | e | e 1.20 | =mememm | emeee- 0.047 D 20.00 BSC 0.787 BSC
A1 0.05 | ===---- 0.15 | 0.006 | -=----- 0.002 D1 18.40 BSC 0.724 BSC
A2 0.95| 1.00 | 1.05 | 0.037 | 0.039 | 0.041 E 12.00 BSC 0.472 BSC
b 0.17 | 0.22 | 0.27 | 0.007 | 0.009 | 0.011 @ 0.50 BSC 0.020 BSC
b1 0.17 | 0.20 | 0.23 | 0.007 | 0.008 | 0.009 L 0.50 | 0.60 | 0.70 | 0.020 | 0.024 | 0.028
c 0.10 | ------- 0.21 [0.004 | ------- 0.008 0 [ 8° [ 8°
c1 0.10 | ------- 0.16 | 0.004 | ------- 0.006
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Revision History

Revision Date Description

0.1 2013.03.27 Original

1. Add Bad-Bloack-Protect

2. Modify the typical value of tproc and tsers

0.2 2013.05.07 3. Modify the description of Identifying Initial Invalid
Block(s)

4. Modify 3rd and 5th ID Data of ID Definition

Publication Date: May 2013
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Important Notice
All rights reserved.

No part of this document may be reproduced or duplicated in any form or
by any means without the prior permission of ESMT.

The contents contained in this document are believed to be accurate at
the time of publication. ESMT assumes no responsibility for any error in
this document, and reserves the right to change the products or
specification in this document without notice.

The information contained herein is presented only as a guide or
examples for the application of our products. No responsibility is
assumed by ESMT for any infringement of patents, copyrights, or other
intellectual property rights of third parties which may result from its use.
No license, either express , implied or otherwise, is granted under any
patents, copyrights or other intellectual property rights of ESMT or
others.

Any semiconductor devices may have inherently a certain rate of failure.
To minimize risks associated with customer's application, adequate
design and operating safeguards against injury, damage, or loss from
such failure, should be provided by the customer when making
application designs.

ESMT's products are not authorized for use in critical applications such
as, but not limited to, life support devices or system, where failure or
abnormal operation may directly affect human lives or cause physical
injury or property damage. If products described here are to be used for
such kinds of application, purchaser must do its own quality assurance
testing appropriate to such applications.
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