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4 Gigabit (512M x 8), 3.3 V NAND Flash Memory

Features

e Voltage Supply: 2.7V ~ 3.6V

¢ Organization
- Memory Cell Array :
(512M + 16M) x 8bit
- Data Register : (2K + 64) x 8bit

e Automatic Program and Erase
- Page Program : (2K + 64) bytes
- Block Erase : (128K + 4K) bytes

Page Read Operation

- Page Size : (2K + 64) bytes
- Random Read : 25us (Max.)
- Serial Access : 25ns (Min.)

Memory Cell: 1bit/Memory Cell

Fast Write Cycle Time
- Page Program Time : 250ps (Typ.)
- Block Erase Time : 2ms (Typ.)

Command/Address/Data Multiplexed I/O 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

o Command Register Operation

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

e NOP: 4 cycles

e Cache Program Operation for High Performance
Program

e Cache Read Operation

e Copy-Back Operation
- EDO mode
- OTP Operation
- Two-Plane Operation
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General Description

The device is a 512Mx8hit with spare 16Mx8bit 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 4096 blocks, composed by 64 pages consisting in two NAND structures of 32
series connected Flash cells. A program operation allows to write the 2112-Word 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.

Pin Configuration

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

NC C— 1 48 — NC
NC C—— 2 47 ——— NC
NC /—— 4 45 —— NC
NC ———— 5 44 — 1107
RYB# T—— 7 42 i 1105
RE# —— 8 41 1104
CE# /—— 9 Standard 40 P—— NC
NC ——— 10 TSOP 39 —— NC
NC ———— 11 38 — NC
Vee ——— 12 37 B—— Vcc
Vss —— 13 36 [——— Vss
NC ——— 14 35 —— NC
NC ——— 15 34 — NC
CLE ———— 16 33 —— NC
ALE —— 17 32 |— /03
WE# — 18 31 |— /02
WP# — 19 30 — /01
NC —— 20 29 |——m—m /00
NC ——— 23 26 — NC
NC ——— 24 25 |—— NC
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Table 1. Pin Description

Symbol

Pin Name

Function

I/00 - 1/07

Data Inputs/Outputs

The 1/O pins are used to input command, address and data, and
to output data during read operations. The I/O pins float to Hi-Z
when the chip is deselected or when the outputs are disabled.

CLE

Command Latch
Enable

The CLE input controls the activating path for commands sent to
the command register. Commands are latched into the command
register through the I/O ports on the rising edge of the WE# signal
with CLE high.

ALE

Address Latch
Enable

The ALE input controls the activating path for address sent to the
internal address registers. Addresses are latched into the address
register through the 1/O ports on the rising edge of WE# with ALE
high.

CE#

Chip Enable

The CE# input is the device selection control. When the device is
in the Busy state, CE# high is ignored, and the device 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.

RE#

Read Enable

The RE# input is the serial data-out control, and when it is low, it
active drives the data onto the 1/0 bus. Data is valid trea after the
falling edge of RE# which also increments the internal column
address counter by one.

WE#

Write Control

The WE# input controls writes to the 1/O port. Commands,
address and data are latched on the rising edge of the WE# pulse.

WP#

Write Protect

The WP# pin provides inadvertent program/erase protection
during power transitions. The internal high voltage generator is
reset when the WP# pin is active low.

R/B#

Ready/Busy Output

The R/B# output indicates the status of the device operation.
When low, it indicates that a program, erase or random read
operation 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.

Vee

Power Supply

Ve 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 Ve
or Vgg disconnected.
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Block Diagram

Functional Block Diagram

Vee —

Vss —»

A12-A29 X-Buffers 4,096M+128M Bits for 4Gb

Latches
NAND Flash

& Decoders ARRA‘?‘S

AD-A11 Y-Buffers
Latches
& Decoders Data Register & SIA

Y-Gating

Command

Command
Register

IO Buffers & Latches ] Vee

o |
1 Vss
gléﬁ Control Logic p— I I
& High Voltage
WE# Gengrator g = Global Buffers %L:_EE:: il e

CLE ALE WP#

L
L

SeNeC
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Array Organization

- 1 Block= 64 Pages
(128K + 4K) Bytes

1Page = (2K + 64) Bytes
256K Pﬂ.ges 510 3 40 1 W1 0 B B A Wl g 9 A o R 1 Block = (2K + 64) E'lﬁeg ¥ 64 Pages
A0S Elcks = (128K + 4K) Bytes
/ 1 Device = (2K + 64) Bytes x 64 Pages
. ¥ 4096 Blocks
2K Bytes £4 Bytes g8 hits

= 4224 Mbits
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Address Cycle Map

/OO0 | I/O1 | I/O2 [ I/O3 |1/0O4 |1/O5 |1/06 | 1/0O7 Address

1st Cycle A0 Al A2 A3 A4 A5 A6 A7 Column Address

2nd Cycle | A8 A9 Al10 | All L* L* L* L* Column Address

3rd Cycle | A12 | A13 | Al4 | A15 | Al6 | Al7 | A18 | Al9 Row Address

4th Cycle | A20 | A21 | A22 | A23 | A24 | A25 | A26 | A27 Row Address

5th Cycle | A28 | A29 L* L* L* L* L* L* Row Address

Note:

1. Column Address : Starting Address of the Register.
2. * L must be set to “Low”.
3. * The device ignores any additional input of address cycles than required.
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Ordering Information

EN27LN 4G

08 -

25

T

PACKAGING CONTENT
P = RoHS, Halogen-Free and
REACH compliant

TEMPERATURE RANGE
C = Commercial (0C to +70°C)
I = Industrial (-40°C to +85C)

PACKAGE
T = 48-pin TSOP

SPEED OPTION for BURST ACCESS TIME
25 = 25ns

Data Length
08 = 8-bit width

DENSITY
4G = 4Gigabit [(512M + 16M) x 8 Bit]

BASE PART NUMBER
EN = Eon Silicon Solution Inc.
27LN = 3.0V Operation NAND Flash
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Product Introduction

The device is a 4,224Mbit memory organized as 256K 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 I/O 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 4096 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 I/Os. 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 1/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 Accepta_ble Command
Cycle during 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
Read Status 2 F1h - O
Two-Plane Read © 60h-60h | 30h
Two-Plane Read for Copy-Back 60h-60h 35h
Two-Plane Random Data Output @ © 00h-05h | EOh
Two-Plane Page Program ©® 80h-11h | 81h-10h
Two-Plane Copy-Back Program @ 85h-11h | 81h-10h
Two-Plane Block Erase 60h-60h DOh
Cache Program 80h 15h
Cache Read 31h -
Read Start For Last Page Cache Read 3Fh -
Two-Plane Cache Read © 60h-60h | 33h
Two-Plane Cache Program @ 80h-11h | 81h-15h

Note:

1. Random Data Input / Output can be executed in a page.

2. Any command between 11h and 80h/81h/85h is prohibited except 70h/F1h and FFh.

3. Two-Plane Random Data Output must be used after Two-Plane Read operation or Two-Plane
Cache Read operation.
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Absolute Maximum Ratings
Parameter Symbol Rating Unit

Vce -0.6 to +4.6
Voltage on any pin relative to Vss AN -0.6 to +4.6 \%

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:

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, T, = 0to 70°C or — 40°C to 85°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
operating Zgﬁgl i‘iac‘;s";'th lect tae=25ns, CE# =V, lour=0mA - 15 30 "
Current Program leeo - - 15 30

Erase lccs - - 15 30
Stand-by Current (TTL) Ise1 CE# =V, WP# =0V/Vcc - - 1 mA
Stand-by Current (CMOS) lsgo CE# = Ve -0.2, WP# =0V/ Ve - 10 50 uA
Input Leakage Current I V|n=0 to Vcc (max) - - +10 UA
Output Leakage Current lLo Vout=0 to Ve (Max) - - 10 UuA
Input High Voltage iy @ - 0.8 X Ve - Ve 403 |V
Input Low Voltage, All inputs v, @ - 0.3 - 02xVee | V
Output High Voltage Level Vor lon=-400uA 2.4 - - \%
Output Low Voltage Level VoL lor.=2.1mA - - 0.4 \Y
Output Low Current (R/B#) loL (R/B#) | Vo =0.4V 8 10 - mA

Note:
1. V, can undershoot to -0.4V and V,4 can overshoot to Vc+0.4V for durations of 20ns or less.
2. Typical value are measured at Vcc =3.3V, To=25°C. And not 100% tested.
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VALID BLOCK
Symbol Min. Typ. Max. Unit
Nvs 4,016 - 4,096 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 4 bit/512 bytes
ECC.

AC TEST CONDITION

(TA=0to 70°C or — 40°C to 85°C, Vcc=2.7V~3.6V, unless otherwise noted)

Parameter Condition
Input Pulse Levels 0V to Ve
Input Rise and Fall Times 5ns
Input and Output Timing Levels Ve 12

Output Load

1 TTL Gate and C, =50pF

Note:

Refer to Read/ 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= 25°C, Vee=3.3V, f =1.0MHz)

Item Symbol Test Condition Min. Max. Unit
Input / Output Capacitance Cio Vi =0V - 8 pF
Input Capacitance Cn 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 | f H X Command Input
Read Mode P
L H L | f H X Address Input (5 clock)
H L L | § H H Command Input
Write Mode
L H L | f H H Address Input (5 clock)
L L L | f H H Data Input
L L L H i 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 OVIVec® | Stand-by
Note:

1. XcanbeV, or V.

2. WP# should be biased to CMOS high or CMOS low for standby.
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Program / Erase Characteristics

(Ta= 0 to 70°C or — 40°C t0 85°C, Vc=2.7V~3.6V)

Parameter Symbol Min. Typ. Max. Unit
Average Program Time tpROG(l) - 250 750 us
Dummy Busy Time for Cache @) )
Program tcesy 3 750 us
Number of Partial Program Cycles
in the Same Page Nor i i 4 Cycle
Block Erase Time teERs - 2 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¢ and 25°C temperature.

2. tproc 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 toLn 5 - ns
CE# Setup Time tes 20 - ns
CE# Hold Time ten 5 - ns
WE# Pulse Width twe 12 - ns
ALE Setup Time ta s 12 - ns
ALE Hold Time taLn 5 - ns
Data Setup Time tos'” 12 - ns
Data Hold Time toH 5 - ns
Write Cycle Time twe 25 - ns
WE# High Hold Time twH 10 - ns
ALE to Data Loading Time taoL? 70 @ - ns

Note:

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

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

cycle.
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AC Characteristics for Operation

Parameter Symbol Min. Max. Unit
Data Transfer from Cell to Register tr - 25 us
ALE to RE# Delay AR 10 - ns
CLE to RE# Delay telr 10 - ns
Ready to RE# Low trr 20 - ns
RE# Pulse Width trp 12 - ns
WE# High to Busy twe - 100 ns
WP# Low to WE# Low (disable mode)
- tww 100 - ns
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 trHzZ - 100 ns
CE# High to Output Hi-Z tchz - 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 trREH 10 - ns
Output Hi-Z to RE# Low tir 0 - ns
RE# High to WE# Low trRuw 100 - ns
WE# High to RE# Low twhr 60 - ns
Read - 5® us
Device Resetting Program . - 10 us
Time during ... Erase RST - 500 us
Ready - 5® us
Cache Busy in Read Cache (following focasy i 30 Us
31h and 3Fh)

Note:
1. If reset command (FFh) is written at Ready state, the device goes into Busy for maximum 5us.
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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 Eon. 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 4 bit/512 bytes ECC.

Identifying Initial Invalid Block(s) and Block Replacement Management

Unpredictable behavior may result from programming or erasing the defective blocks. 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 1st byte column address in the spare area of the 1st and 2nd page in the block. If the
read data is not FFh, the block is interpreted as an invalid block. The initial invalid block information is
erasable, and which is impossible to be recovered once it has been erased. Therefore, 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.
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Increment Block

START

4

Set Block Address =0

Address

A

\

Create Initial Invalid
Block(s) Table

No Check "FFh" at the 1st Byte
Check "FFh" ? column address in the spare
area of the 1st and 2nd page
in the block
-
1 Yes
Y
No
Last Block?
Yes

For (i=0; i=<Num_of_LUs; i++)

For (j=0; j<Blocks_Per_LU; j++)

If (Data[coloumn=2048]1=FFh) Defect Block Found=True;

If (Data[coloumn=2048]1=FFh) Defect_Block_Found=True;
If (Defect_Block_Found) Mark_Block_as_Defective(lu=i, block=j);

{
Defect Block Found=False;
Read_Page(lu=i, block=j, page=0)
Read_Page(lu=i, block=j, page= 1);
1
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Error in Write or Read Operation

Within its lifetime, the 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 should be reclaimed by ECC
without any block replacement. The block failure rate in the qualification report does not include those
reclaimed blocks.

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

1. Error Correcting Code --> RS Code or BCH Code etc.
2. Example: 4bit correction / 512 bytes

Program Flow Chart

VWrite 80h

White Data

No
VO 0=0? >
Program Error

Yes
Virite 10k

Mark Bad Block

Read Status g Compietan & Replace Block

Register
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Erase Flow Chart
Whrite Block
Address
Na Erase Error

Erase Completed

—

Mark Bad Block

Read Flow Chart

Read
Data

e

Y

EC C Generation

Yes

Page Read

Completed

Reclaim the Error
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Block Replacement

nth —e AN Error occurs.

page

{n-1ith

nth —# AR error DCCurs.

page

Addressing for program operation

Block A

Block B

1st

(n-1)th

Buffer memory of the
controller

©)

* Step 1
YWhen an error happens in the nth page of the Block "A" during
erase or program operation.
* Step 2
Copy the data in the 1st ~ {n-1)th page to the same location of
another free hlock. {Block 'B")
*Step 3
Then, copy the nth page data of the Block "A" in the buffer
memory to the nth page of the Block 'B".
* Step 4
Do not erase or program to Block "A’ by creating an ‘invalid block®
table or other appropriate scheme.

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 31 (32)
Page 2 (3)
Page 1 (2)
Page 0 (1)

—

Data register

From the L SB page to MSB page

DATA IN: Data (1) — Data (64)

Page 63 (64)
Page 31 (1)
Page 2 3)
Page 1 (32)
Page 0 (2)

_>| Data register

Ex.) Random rogram (Prohibition

DATA IN: Data (1) =— Data (64)
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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 2,112 bytes 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 reading would provide
significant savings in power consumption.

Program / Read Operation with * CE# don’t-care “

mpmuuzjﬁmu;mgﬂDﬂ —

_ — | .
v UL UL Ju iy U
'O @—'} Start Address (4Cyclas) } ( Diata Input } @

/ ZE# do not care

v

171 _
e UL P

I'0x 00k Start Address (4Cvyclas) 30h \ll { Data Output )7

Address Information

/O DATA ADDRESS
1/0Ox Data In / Out Col. Add1 Col. Add2 | Row Addl | Row Add2 | Row Add3
1/00~7 2112 bytes A0 ~ A7 A8 ~ A1l Al2 ~A19 | A20~A27 | A28 ~ A29
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Command Latch Cycle
Htcg—hb—ml—l
cEn I .
HtOLS 4»—>| tCLH
CLE 7 3
Hms—»ﬂ\m
ALE I ]
r—twp—r
WE# 5 b
tDS—DL—Dl 1DH
iox

Address Latch Cycle

tcLs
CLE
tcs
e——rtWC ——e———twiC twe >+ twic -
CE#
WE# !-—twp -{ e { \_4—th ‘i—tWP \ (
\__,___Jq—hNH —t\——_____ﬂ——hNHA# WH —» tmﬂﬁ-an_ﬂ__j
faLH tars  tald taLs  talH taLs  talH taLs  |taLH
fALS ——+je> - v
ALE

A

1ox

e

s

R
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Input Data Latch Cycle

CE# 8
CLE G

:‘ n\' L . mH
AP ) 1P P P P

wes N R 5 B

tDH tOH tDH tDH
P tD tD tD P tD

lox (OINT)

I-—tCH—h‘
71_
P—tCLH—I1
./—

ALE

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

CE# Lﬂ /.
HEH - M ICHL
p—Re »[tCOH
RE# « i £
tRHOH
tREA tREA tRHZ tREA t;';'l
iox Dout r}r} (Dom  FJ———
r—tRR—bl
RIB# £ ')'l
Note:

1. Dout Transition is measured at £200mV from steady state voltage with load.
2. truon Starts to be valid when frequency is lower than 33MHz.
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Serial access Cycle after Read (EDO Type CLE =L, ALE =L, WE# = H)
PRI,
CE# 74/74/77_, /;/Z)I /
“z 4/ 7 0 /
tRC R tcHz
RP . TREH
RE# ———\ ! \
tReA tREA Rz
i tRLOH tRHOH
tcEA ’ 2
liox Dout >@< Dout —
J1
tRR b
Ji
RIB#
Note:
1. Transition is measured at +200mV from steady state voltage with load.
This parameter is sampled and not 100% tested.
2. trion is valid when frequency is higher than 33MHz.

truon Starts to be valid when frequency is lower than 33MHz.

Status Read Cycle

vy,

Tl
f.’// A AL LS
S

1

tCHZ

tREA

tRHZ

\ tCLR
CLE *
eSS =%l
CE# s 777
}/’/" A a
tCH
twP—
WE#
tWHR
RE#
tDH
tDS— tiR
o 777

—_—

Status Output|}

RHOH
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Read Operation (Read One Page)

CLE _/_\

ey
8
e
T

CE# —\ I
—DC:‘LIL/_\ILF\_/_\_;

WE# o | toso

{bwe

tar

ae 7

[ —tR tRC
RE# ‘

tRR
11Ox 00h XCe-lAdd-‘X Cel. Amem Mm)(ramudz)(mm)( 20h 'm
Column Address Row Address

RIB# Busy{

Read Operation (Intercepted by CE#)

CLE _/_\

CE#

ALE /

RE#

\ : .
le tCSD
Vb PRIN
tWe
maa |
taR tcoH i
£ 8
w-IR > tRC
\_/_\[/:\L_/ \&
tRR e

I1ox ,’Lff;, 00h Xca.m1Xca. mXRowm1wa2XmmX 30h }
iy

Column Address

Row Address

(Dcut N )—éout N+ »—(Duut N+
T

RIB#

rBusvy
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Random Data Output In a Page

e/ \ /\

A /\

CE#’ \

2

ALE / \

RE#

Ox i

00h coname M&XRo-»danandz awmax:a‘onrasn

Column Address Row Address

Column Address
\_1—/

{D;m)—éuuhHH 0sn memezX =

RIB#

Page Program Operation

CLE / \

/

CE#

ALE

\ 7
twc twe ) twe
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Page Program Operation with Random Data Input
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Copy-Back Program Operation with Random Data Input
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Cache Program Operation
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Read ID Operation
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Two-plane Page Read Operation with Two-plane Random Data Out

ALE | / : !

WE: W

RE# |

Fox 10 ¢ 60h X Ra1 )} RA2 Y RA3 ) —— (60n Y RA1 Y RA2 X RA3 ) 30n)
-

"< Row Address — "< Row Address —

R/BY Paﬁe address :Pﬂic | PEEE address = Pﬂie M‘nrgrr

70 Block address : Block N Block address : Block N Mﬁ
CEZ
CE 1 X N o

LTCLR b

ALE 7!
WE#
RE#
Vox 10 —{oon ¥ car ¥caz Xra1 ¥ ra2 ¥Raz }——{osn Y car ¥ caz YEeon) < ) ¢ )—ooh )
RBE o
CE# |

I N £\

L—b ICLR
ALE | 1 v m
W TN A NN NSNS e
H_.l IRHW Lrwcr-l L—b HR

R £ %
: REA

1/0x EO}:—{auh Y CA1 X CA2 X' RAT X RAZ X RA3 ) -{05h Y CA1 ) CAZ X(EOh )—( Ppr ) —— (e —
! Columnm"'ﬁ Pow Addees) ?&‘mnm‘é

Column address ; Valid

" H
RBE O Fivea High




EN27LN4GO08

Two-plane Cache Read Operation
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Note:

1. The column address will be reset to 0 by the 3Fh command input.
2. Cache Read operation is available only within a block.

3.

Make sure to terminate the operation with 3Fh command. If the operation is terminated by 31h
command, monitor I/O6 (Ready/Busy) by issuing Status Read Command (70h) and make sure the

previous page read operation is completed. If the page read operation is completed, issue FFh reset
before next operation.
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Two-plane Page Program Operation
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Two-plane Cache Program Operation
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Two-plane Block Erase Operation
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ID Definition Table
ID Access command = 90h
Maker Code | Device Code | 3™ Cycle 4™ Cycle 5" Cycle
C8h DCh 90h 95h 54h
Description
1% Byte Maker Code
2" Byte Device Code
3dg Internal Chip Number, Cell Type, Number of Simultaneously
yte
Programmed Pages, Etc.
th Page Size, Block Size, Redundant Area Size, Organization,
4" Byte . o
Serial Access Minimum
5™ Byte Plane Number, Plane Size
3rd ID Data
Description | /07 1/06 1/05 1/04 1/03 1/02 /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
Number of ! 0 0
) 2 0 1
Simultaneously 4 1 0
Programmed Page
8 1 1
Interleave Program Not Support 0
Between multiple
chips Support 1
Not Support 0
Cache Program Support 1
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4th 1D Data
Desc{:'p“o o7 | woe | wos | wo4 | wo3 | wo2 | woi | woo
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
L x8 0
Organization 16 1
45ns 0 0
. . Reserved 0 1
Serial Access Time 25ns 1 0
Reserved 1 1
5th ID Data
Descn”p“o wo7 | wos | wos | woa | wos | woz | woi | woo
1 0 0
2 0 1
Plane Number 4 1 0
8 1 1
64Mb 0 0 0
128Mb 0 0 1
256Mb 0 1 0
Plane Size 512Mb 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 (tg). 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 following figure, 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.

Read Operation

= | | B0 [
a [, [

ALE | L ‘
wee L L L
| | L LT

1 - -
R/B# L tR |

LOx —( 00h X Address (4cycles) X 30h )7 4( Data Qutput( Serial Access) >~

Col. Add. 1.2 & Row Add. 1.2

Data Field

\ =
Spare Field

=[] [
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Random Data Output In a Page
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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 (1,056word) 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 (1/06) 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 (1/00) 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 following figure, where column address, page address, and
data input are placed in between 80h and 10h. After teros program time, the R/B# de-asserts to ready
state. Read Status command (70h) can be issued right after 10h.

Program & Read Status Operation

<P
RIB# tPROG

—'fﬂﬂh /:\dc.lress & Data Input I(]h\ f?ﬂh\

1ox

Col. Add. 1,2 & Row Add. 1,23
Data

Fail

Random Data Input In a page

RIB#
10X ./- 30};\\ ./;\ddress Address & l oh
\\ J \\Data Input Data Input
Col Add. 1,2 & Row Add. I.?..S ColL 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 (x8) 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 (x8) 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, tcgsy 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/B#,
the last page of the target programming sequence must be programmed with actual Page Program
command (10h).

Cache Program (available only within a block)

L ICBSY tCREY
1 ~—-
RIB# I

wox -
|
1

g0h
—

Col. Add. 1,2 & Row Add 1.2.3 Col. Add. 1.2 & Row Add. 1,23
Data Data

fa

Max. 63 times repeatable

_— .
| ‘

tPROG

1ox JI-@—G\ddmn:\.& Data Input H/E‘\, CTU]}

1 Col. Add, 1,3 & Row Add 1.3.3
i I_ 1 Data
e -
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. tproc = 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 2,112 byte 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 the following figure. 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

RIB#

]

tPROG
\\

Address 10h 70h

SCvcles

Col. Add, 1,2 & Row Add, 1,23
Destination Address.

Address
SCycles

Col. Add, 1,2 & Row Add, 1,2,3
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llox Data output
A

Fail

Page Copy-Back Program Operation with Random Data Input

0
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- |
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u b
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[
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Iox | &5h \_ 2Cvcles Data &uutput ) Qﬂhj
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1
R S — »

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
(I/00) to see if the erase operation is successfully done. The following figure 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 tgerase €rase 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

RiB# tBERS

10x 4 }

— 60h

NN
\_ ./, \_ Address Input /)—\/\D('h/" \‘

Row Add. 1.23

One-Time Programmable (OTP) Operations

This Eon flash device offers one-time programmable memory area. Thirty full pages of OTP data are
available on the device, and the entire range is guaranteed to be good. The OTP area is accessible only
through the OTP commands.

The OTP area leaves the factory in an unwritten state. The OTP area cannot be erased, whether it is
protected or not. Protecting the OTP area prevents further programming of that area.

The OTP area is only accessible while in OTP operation mode. To set the device to OTP operation
mode, issue the Set Feature (EFh-90h-01h) command. When the device is in OTP operation mode,
subsequent Read and/or Page Program are applied to the OTP area. When you want to come back to
normal operation, you need to use EFh-90h-00h for OTP mode release. Otherwise, device will
stay in OTP mode.

To program an OTP page, issue the Serial Data Input (80h) command followed by 5 address cycles.
The first two address cycles are column address that must be set as 00h. For the third cycle, select a
page in the range of 00h through 1Dh. The fourth and fifth cycle is fixed at 00h. Next, up to 2,112 bytes
of data can be loaded into data register. The bytes other than those to be programmed do not need to
be loaded. Random Data Input (85h) command in this device is prohibited. The Page Program confirms
(10h) command initiates the programming process. The internal control logic automatically executes the
programming algorithm, timing and verification. Please note that no partial-page program is allowed in
the OTP area. In addition, the OTP pages must be programmed in the ascending order. A programmed
OTP page will be automatically protected.

Similarly, to read data from an OTP page, set the device to OTP operation mode and then issue the
Read (00h-30h) command. The first two address cycles are column address that must be set as 00h
and Random Data Output (05h-EOh) command is prohibited as well.

All pages in the OTP area will be protected simultaneously by issuing the Set Feature (EFh-90h-03h)
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command to set the device to OTP protection mode. After the OTP area is protected, no page in the
area is programmable and the whole area cannot be unprotected.

The Read Status (70h) command is the only valid command for reading status in OTP operation mode.

Table 2. OTP Modes and Commands

Set Feature Command
Read EFh-90h'-01h* 00h-30h
OTP Operation mode
Page Program EFh-90h-01h 80h-10h
OTP Protection mode Program Protect EFh-90h-03h 80h-10h
OTP Release mode Leave OTP mode EFh-90h-00h
Note:
1. 90h is OTP status register address.
2. 00h, 01h, and 03h are OTP status register data values.
Table 3. OTP Area Details
Description Value
Number of OTP pages 30
OTP pages address 00h — 1Dh
Number of partial page programs for each page in the OTP area 1

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 I/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.
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Status Register Definition for 70h Command

/0 Page Program Block Erase Read Cache Read Definition
. . Pass: "0”
1/00 Pass / Fail Pass / Fail Not Use Not Use Fail: "1"
/101 Not l_Jse Not Use Not Use Not Use Don't cared
(Pass/Fail, OTP)
1102 Not Use Not Use Not Use Not Use Don't cared
/103 Not Use Not Use Not Use Not Use Don't cared
/104 Not Use Not Use Not Use Not Use Don't cared
1105 Not Use Not Use Not Use True Busy: "0
Ready /Busy | Ready: "1"
1106 Ready / Bus Ready / Bus Ready / Bus Ready / Bus Busy: "0"
y y y Y y y y y Ready: "1"
1107 Write Protect Write Protect Write Protect Write Protect Protected: "0
Not Protected: "1"

Status Register Definition for F1lh Command

1/0 Page Program Block Erase G Read Cache Read Definition
Program
. : . . Chip Pass / Pass: "0”
1/00 Chip Pass / Fail | Chip Pass / Fail . Not Use Not Use .
P P Fail (N) Eail: 717
Plane0O Pass / Plane0 Pass/ | Plane0 Pass/ Pass: "0”
/01 Fail Fail Fail (N) Not Use Not Use Fail: "1"
Planel Pass / Planel Pass/ | Planel Pass/ Pass: "0”
1/02 Fail Fail Fail (N) Not Use Not Use Fail: "1"
Plane0 Pass / Pass: "0”
/103 Not Use Not Use ; Not Use Not Use .
Fail (N-1) Fail: "1”
Planel Pass / Pass: "0”
/04 N N . N N .
/0 ot Use ot Use Fail (N-1) ot Use ot Use Fail: "1"
True Ready / True Busy: "0”
I N N N
/05 ot Use ot Use Busy ot Use Ready /Busy | Ready: "1"
Busy: "0”
1/06 Ready / Busy Ready / Busy Ready / Busy Ready / Busy Ready / Busy Ready: "1"
. . . . . Protected: "0”
/07 Write Protect Write Protect Write Protect Write Protect Write Protect rotecte o
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, 5th cycle ID respectively. The command register remains in Read ID
mode until further commands are issued to it.

Read ID Operation

CE# \
CLE — \
r—uF—b
ALE F L%
WE# T S N f
> HRCD 3 IRC S
RE# e S e S N S SN
11ox T (Ih ) {Istoye 3 fandow F——43imn ——{dhow. ——{5hm  ——
Read ID Cammand tddiess 1oyele ar Cod Device Coda
ID Definition Table
ID Access command = 90h
1% Cycle 2" Cycle ;
. 3" cycle 4™ cycle 5" Cycle
Maker Code | Device Code y y y
C8h DCh 90h 95h 54h
Description

1% Byte Maker Code
2" Byte Device Code

3" Byte

4" Byte

5" Byte Plane Number, Plane Size

Internal Chip Number, Cell Type, Number of Simultaneously
Programmed Pages, Etc.
Page Size, Block Size, Redundant Area Size, Organization,
Serial Access Minimum
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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. 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 tgst after the
Reset command is written. Refer to the following figure.

R/B#

tRST

110x { FFh

Device Status

After Power-up

After Reset

Operation mode 00h Command is latched

Waiting for next command

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 tpcgsyr, 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.

Read Operation with Cache Read

CLE | ~ NA A

cee \ AARARA £} AR A Af A

wes \ANNANNNS | A

ALE | \

cE \AAAAAAAAANAAANAN—

e I '_f,-.,u.‘_.f!_,‘T,,-.f,d,.-‘.—.?‘
wox == Y o2 )00 W Mmoo )N M) A -
[T ] | oot Pepisaem [ Page Aidme o1 1 Pageaddem Nel
_ Mdms  Addes L - L -~

RIB# g Y b
“""‘"o(: @(IZI ?"P“ 9(:' T’*"‘ @(:I F""“ @(: ?“"“
Sl I [TXID
Gl A

L L Pag s |
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Two-Plane Page Read

Two-Plane Page Read is an extension of Page Read, for a single plane with 2,112 byte data registers.
Since the device is equipped with two memory planes, activating the two sets of 2,112 byte data
registers enables a random read of two pages. Two-Plane Page Read is initiated by repeating
command 60h followed by three address cycles twice. In this case, only same page of same block can
be selected from each plane.

After Read Confirm command (30h) the 4,224 bytes of data within the selected two page are transferred
to the cache registers via data registers in less than 25us (tg). The system controller can detect the
completion of data transfer (tg) by monitoring the output of R/B# pin.

Once the data is loaded into the cache registers, the data output of first plane can be read out by issuing
command 00h with five address cycles, command 05h with two column address and finally EOh. The
data output of second plane can be read out using the identical command sequences.

-

RIB# \ I 7
HOx Address. Addiess
@ (3 Cycle) (3 Cycle) jﬂh/

Row Add. 12,3 Row Add. 1,23 ==

Page address: Page M Fage address: Page M
Plane address: Fixed 'Low” Plane address: Fixed "High'
Block address: Block N Block address: Block N

| |
RIB#
I |
I — — |
Address Address
ox I : : i (3 Cyde) :: ( ) < (2 Cyde) — : — Data Qutput ~ —4—
I Col. Add 1,2 & Row Add. 1,2,3 Col. Add. 1,2 |
:-|-= Column addresss Fixed "Low’ Column address: Valid :-2-:
- Page address: Page M [
Plane address: Fixed Low”
Block address: Block N
|
RIB#
I
I Addrees Addrees
[e)4 (5 Cyele) >—@—< (2 Cyde) —{ Data Output ~ }——
| Col Add 1,2 & Row Add. 12,3 Col. Add. 1.2
:-2-: Column addresss Fixed "Low' Column address: Valid
[ S

Page address: Page M
Plane address: Fixed 'High
Block address: Block N
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Two-Plane Cache Read

Two-Plane Cache Read is an extension of Cache Read, for a single plane with 2,112 byte data registers.
Since the device is equipped with two memory planes, the two sets of 2,112 byte data registers enables
a cache read of two pages. Two-Plane Cache Read is initiated by repeating command 60h followed by
three address cycles twice. In this case only same page of same block can be selected from each plane.

After Read Confirm command (33h) the 4,224 bytes of data within the selected two page are transferred
to the cache registers via data registers in less than 25us (tg). After issuing Cache Read command
(31h), read data in the data registers is transferred to cache registers for a short period of time (tpgsy).
Once the data is loaded into the cache registers from data registers, the data output of first plane can be
read out by issuing command 00h with five address cycles, command 05h with two column address and
finally EOh. The data output of second plane can be read out using the identical command sequences.

-

RIB# NECE
Address
lfox 3y @ (3 Cycle) san)

Row Add 1,23 Row Add. 1.2.3

[P TR [ A

==

Page address: Page M Page address: Page M
Plane address: Fixed Tow’ Plane address: Fixed High'
Block address: Block N Block address: Block N

- > |
RIB# | tDCBSY :
| I
Address Address
lox (5 C'vcle) (: CYCIE) >_<E?h> Daa mrpur
|

Col. Add. 1.2 & Row Add 1.2.3 Col. Add. 1.2 |
r - S Column address: Fixed Tow' Columm address: Vahd N -
' 1, Page address: Page M 12
- Plane address: Fixed Low’ -
Block address: Block N |
rRie# 4
|
| Kddress Address
ox () Some ) dow ) m
| Col. Add. 1.2 & Row Add 1.2.3 Col. Add. 1.2 !
P s Colunn address: Fixed Low’ Column address: Valid r '3 S
12 Page address: Page M 1ol

Plane address: Fixed High'
Block address: Block N

RIB# tDCBS 1
| |
Address Address

| Col. Add. 1,2 & Row Add 1,23 Col Add 1.2 I
r - = Colunm address: Fixed Low’ Colunm address: Vahd i -'-'
' f A Page address: Page Mn ! f_.
Plane address: Fixed Tow’
Block address: Block N
RB#
|
| Address Address Data O
11ox (5 Cycle) (2 Cycle) ta Output
| Col Add 12 & Row Add 123 Col. Add 1,2
r 2o Colunn address: Fixed Tow’ Column address: Valid
1 4] Page address: Page M+n
L= Plane address: Fixed High'

Block address: Block N
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Two-Plane Page Program

Two-Plane Page Program is an extension of Page Program, for a single plane with 2,112 byte data
registers. Since the device is equipped with two memory planes, activating the two sets of 2112 byte
data registers enables a simultaneous programming of two pages.

After writing the first set of data up to 2,112 byte into the selected data registers via cache registers,
Dummy Page Program command (11h) instead of actual Page Program command (10h) is inputted to
finish data-loading of the first plane. Since no programming process is involved, R/B# remains in busy
state for a short period of time (tpgsy). Read Status command (70h) may be issued to find out when the
device returns to ready state by polling the R/B status bit (I/O 6). Then the next set of data for the other
plane is inputted after 81h command and address sequences. After inputting data for the last page,
actual True Page Program (10h) instead of dummy Page Program command (11h) must be followed to
start the programming process. The operation of R/B and Read Status is the same as that of Page
Program. Although two planes are programmed simultaneously, pass/fail is not available for each page
when the program operation completes. Status bit of I/O 0 is set to “1” when any of the pages fails.

RIB# -

-
| ioesy f \ e /

Address &
007 _@ Data Input mh/'
Column addressz Valid Note'? Column addressz Valid
Page address: Page M Page address: Page M
Plane addresss Fixed™ Low™ Plane address: Fixed™ High™
Block address: Block N Block address: Block N

Data {soh ) {1h) {81h) {10h 'y
Input

===
s
- -
L] -
- -
—Ree—
(45 Block) ot :'I;.’__m
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Two-Plane Copy-Back Program

Two-Plane Copy-Back Program is an extension of Copy-Back Program, for a single plane with 2,112
byte data registers. Since the device is equipped with two memory planes, activating the two sets of
2,112 byte data registers enables a simultaneous programming of two pages.

Two-Plane Copy-Back Program

- N |
I

o ) () |
Row Add 1.2.5 Row Addl 1,23 I_:_I

Page address Page M Page address: Page M Pl

Plane address: Fixed "Low' Plane address: Fixed 1 l'lp,h'
Block addressz Block N Block address: Block N

RIB# | |
,: : i Addres= Address >
110Ox : O0h .:5‘( \Tr:] >—<ﬂ:">—< Ell( \“fr:] >—@—< Dtz Cruniput :
| Col. Add 1.2& Row Add. 1.2.3 Col- Add- 1.2 I
el Column address® Fixed Low' Column addresss Valid bl
L 1_ | Page address Page M =1
Plane address: Fixed Tow'
Block address: Block N
RIB# | |
Addreas Addrean
Iox | D0 (5Cyele) Osh (ZCyele) >—@—< Data Output >—:—
| Col. Add 12 & Row Add. 1.2.3 Col-Add 12 |
=1 Column address: Fixed Tow' Column adiresss Valid -
12 Page address Page M N
- Plane mddress: Fixed High' —-—
Block address: Block N
RIB#
g
110x -
3.
| Destination Address R Destination Address Pass
I_;'I Cob Add 1.2 & Row Addy 1.3 Note Cob Add 1.2 & Row Add, 1,35
L Column address Fixed "Low Column addresst Fixed "Low Fail
Page address Page M Page address Page M
Plane nddress® Fixed "Low' Plane address® Fixed "High"
Block address: Block N Block address: Block N
Mang) Flane 1
- - -t -
Traen Fleld Do Fleld
Tarpet poge Tarpet page

(1): Twe=Plane Read for Copy Back
e - ___ g 2): Two-Plane Random Data Out
%) Tweo-Plane Copy Back Program

E"
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Two-Plane Copy-Back Program with Random Data Input

|
-
RIB# ) ® I i
|
Addies: Addres [
liox 60 )4 2 cyem) %8 @ cpey '_@ |
Fow Aad. 123 Fow Add. 1.2,3 r- -
il ]
Page addracs: Pags M Page sddmess Page M ==
Plape address: Fixed Tow’ Pline address Fined High'
Elock address: Elock N Block address: Block N
RE# L l
| |
| - I
diress _ Addrase
liox "“LW‘H (5 Cycle) - 22 Cycle) =0k
| Col Add. 1,2 & Fow Add. 1,23 Cel. Add. 1,2 I
r - S Colun address. Fined Tow’ Colunm address . Valid r~.
:__l.-| DPaga address: Page M LE.‘
Phne address: Fived Tow'
Block address: Block IV
RIB# } |
| |
| . f Address \ Address |
a e ED Dan
1IOx @ \ (5 Cycle) @ (2 Cycle) EoL Crutput
| Col Add. 1.2 & Row Add. 1.23 Col. 2dd. 1.2 |
r=5 Columan address: Fimed Tow’ Colunn addraz: Valid -
12 Page address Paze M 13
Phne address: Fived Hizh'
Block address: Block IY
| -
I I
liOx H \ T |
I (3 Cytles) >_<—>_<_>_< (2 cycles) Data i 1h) |
f Dsunmm Address Desnnaion Address - :
r;-. Cd. Add. 1,2 & Row Add 123 Col. Add. 1,2 Fote r==
L2y Colum addizss: Valid Colizn adivess: Valid g}
Pige addmess: Page M
Plane address: Fied Low'
Block adéress: Block W
. N
I
liox Addrea2 Dan H Dma {1omY
I @ {3 cyrles) (2 eyeles) J A
——# Doonaton Addmss Dnmnm:ss
20 Col. Add. 1.2& Row Add. 1.2.3 Nore Col Add. 1.2
Lz Cohuum sddress: Valid Colnmn address: Valid
Paze address: Paze M

Plne address: Fixed "Hish'
Block sdaress: Block N
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Two-Plane Cache Program

Two-Plane Cache Program is an extension of Cache Program, for a single plane with 2,112 byte data
registers. Since the device is equipped with two memory planes, activating the two sets of 2,112 byte
data registers enables a simultaneous programming of two pages.

RiB# Jbesy LN
1iox @ Address & Data Input 81h ) Address & Data Input }{' 15h

column address : Valid column address : Valid
page address: Page M page address: Page M m
plarne audiess: Fixed Low’ plane address: Fixed "High'

, block address: Block N block address: Block N

' 3

RIBE ! tDBSY tPROG .
L]
L]

1HOx . Address & Data Input 11h 81h Address & Data Input }{ 10h
: Note*?
' column address - Valid "‘—’| column address - Valid

E page address Page M+n page address - Page M+n
plane address: Fixed 'Low’ plane address: Fixed "High'
block address: Block N block address: Block N

80h 1 @—@ 2 15h 3
Cache register —]| 1 > | D I 2 > ] D
Data register | | _\3 | | 3

|
Plane 0 J Plane 1 D

(20438 Block) ha (2042 Block)
Block 0 Block 1
Block 2 Block 3

Block 4092 Block 4093

Block 4094 Block 4095

Note:
1. Itis noticeable that same row address except for A20 is applied to the two blocks
2. Any command between 11h and 81h is prohibited except 70h/F1h and FFh.

3. 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.

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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Two-Plane Block Erase

Basic concept of Two-Plane Block Erase operation is identical to that of Two-Plane Page Program. Up
to two blocks, one from each plane can be simultaneously erased. Standard Block Erase command
sequences (Block Erase Setup command 60h followed by three address cycles) may be repeated up to
twice for erasing up to two blocks. Only one block should be selected from each plane. The Erase
Confirm command (DOh) initiates the actual erasing process. The completion is detected by monitoring
R/B pin or Ready/Busy status bit (/O 6).

e SE—

RIB# 3 teERs I
lrox Address Address
(3 Cycle) (3 Cycle) DOh

Row Add 1.23 Row Add 1,23

page address: Fix Low page address: Fix Low
plane address: Fix Low plane address: Fix High
block address: Block N block address: Block N

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 transition 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/B#) and current drain during busy (ibusy), an appropriate value can be obtained with the
following reference chart (the following figure). Its value can be determined by the following guidance.

Read / Busy Pin Electrical Specifications

Rp ibusy

Voo
Fr-————-——--—- T
1 1 3. device - Voo - 04Y, Veom : 244
| |
I &
[ | R/B#
| opcn drain output ’
| | 1
| | T | : '
[ [ ’ [ | :
| | : \ : !
: : - e
| | cotf |
| |
| GND I
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Rp VS trHon VS CL

@ Vee =33V, Ta=26°C G, = 0pF

24

R
B:,nn Il:ll.liy rEEJ . Em
i 1*"3.// =
s 17 -
~ E
100n._ 1 ﬁ"\-“_ur. =1
- i s LY
o g
1Ef 36 £Xi A
Cr r O ?
[ I .
1K 2K £ 4K
Rp[ohm)

Rp value guidance

Vce(Max.) - VoL(Max.) 3.2V
Rp(min, 3.3V part) = =
loL+ ZIL 8mA+ ZIL

where | 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

Data Protection & Power-up sequence

The timing sequence shown in the following figure 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
following figure. 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
W

23V _| iy | 23V
Vee % 1™
%
WP |_‘ ’_I

Don't care 5 ms max Operation |
weg 0 e e >

I
Invalid ———ﬁ
R/B# e Don't care

100 us
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Write Protect Operation

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

Program enable mode:

"

A

|
WWER :
I | 7 N ( )
1O 80h 10h
* | |\ )
I I
WP I
I
I I
R/B# -« >
tWW (Min. 100msy
Note: WP# keeps “High” until programming finish
Program disable mode:
1 1 1
| L
WWER |
1/0x I I 80h ’/ I \
| | AN
I I
WP# !
1 1
R/B# - — -

tWW (Min 100ms)
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Erase enable mode:

! o
| |\
YWE# |
I | 7 A ( \
10 60h DCh
A | | \ o
I I
YyP# :
R/E# I |

-

tWW (Min 100m3)

Note: WP# keeps “High” until erasing finish

Erase disable mode:

i}

] 1
| W

WER |
| | 7~ G

10n 60h Dih

: | A _

I I

WP :

F/B# l I

- — -
tWW (Min. [00ms)
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PACKAGE DIMENSION
48L TSOP 12mm x 20mm package outline

SN EELELLEEELLGEEEE L EEEE LS
E
. HEARARRRA 8
" =

L
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DL

REAAAAAAFANAAAAAANAAAADE ~

/ \
'b

| S

/ la== = 1

[ 4 o — R i Lo

{ / X = L

: { .l / = 4 \_IJ:

/ GAUGE PLANE _/ | _

-

T —
PARALLEL TO SEATING PLANE | —L g —'I \

\
- \—JETAL ‘W

DETAIL_ A

SYMBOL DIMENSION IN MM
MIN. NOR MAX

A 1.20
A1 0.05 0.15
A2 0.95 1.00 1.05
D 19.80 20.00 20.20
D1 18.30 18.40 18.50
119 12.00 12.10

e 0.50
b 017 0.22 0.27
L 0.5 0.60 0.70
L1 0.25
R 0.08 0.20
8 o° a3t cl

Mote - 1. Coplanarity: 0.1 mm
2. Max. allowable mold flash is 0.15 mm
at the pkg ends, 0.25 mm between leads.
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Revisions List

Revision No |Description Date

A Initial Release 2013/01/23
1. Update Ordering Information “ P = RoHS, Halogen-Free and REACH

B compliant “ on page 6. 2013/10/03
2. Add One-Time Programmable (OTP) Operations description.




