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EN25LN512

512 Megabit SLC, 3.3 V SPI-NAND Flash Memory

1. Product List

Parameters

Values

Vee 3.3V

Width x1,x2 ", x4

Frequency

104MHz

Internal ECC Correction

Transfer Rate

Loading Throughput

104MT/s

Power-up Ready Time

1ms (maximum value)

Max Reset Busy Time

1ms (maximum value)

2. Features

¢ Voltage Supply: 3.3V (2.7V ~ 3.6V)

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

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

e Page Read Operation
- Page Size : (2K + 64) Byte

- Read from Cell to Register with Internal ECC:

100us
o Memory Cell: 1bit/Memory Cell
e Support SPI-Mode 0 and SPI-Mode 3 2

o Fast Write Cycle Time
- Page Program Time : 400pus
- Block Erase Time : 4ms

NOTE:
1. xX2 PROGRAM operation is not defined.

e Hardware Data Protection
- Program/Erase Lockout During Power
Transitions

¢ Reliable CMOS Floating-Gate Technology
- Internal ECC Requirement: 1 bit/512 Byte
- Endurance: 100K Program/Erase cycles
- Data Retention: 10 years

o Command Register Operation
e NOP: 4 cycles

o OTP Operation

o Bad-Block-Protect

o Package Options

- 8 contact VDFN (6x8mm)

- 16 pins SOP 300mil body width

- All Pb-free packages are compliant RoHS,
Halogen-Free and REACH.

o Industrial temperature Range

2. Mode 0: CPOL =0, CPHA =1 ; Mode 3: CPOL = 1, CPHA =1
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3. General Description

The serial electrical interface follows the industry-standard serial peripheral interface (SPI), providing a
cost-effective non-volatile memory storage solution in systems where pin count must be kept to a
minimum. The Eon EN25LN512 is a 512Mb SLC SPI-NAND Flash memory device based on the
standard parallel NAND Flash, but new command protocols and registers are defined for SPI operation.
It is also an alternative to SPI-NOR, offering superior write performance and cost per bit over SPI-NOR.

The command set resembles common SPI-NOR command set, modified to handle NAND-specific
functions and new features. New features include user-selectable internal ECC. With internal ECC
enabled, ECC code is generated internally when a page is written to the memory array. The ECC code
is stored in the spare area of each page. When a page is read to the cache register, the ECC code is
calculated again and compared with the stored value. Errors are corrected if necessary. The device
either outputs corrected data or returns an ECC error status.

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. Each page consists 2112-Byte and is further
divided into a 2048-Byte data storage area with a separate 64-Byte spare area. The 64-Byte area is
typically used for memory and error management.

The pins serve as the ports for signals. EN25LN512 has six signal lines plus V¢c and ground (GND, Vss).
The signal lines are CLK (serial clock), DI (command and data input), DO (response and data output),
and control signals CS#, HOLD#, WP#.
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4. Package

Figure 1. Pin Configuration

Cs# :.1| VCC
DO (DQ+) [ 2] HOLD# (DQs)
WP# (DQy) [ 3] [6] CLK
vss [ 4 DI (DQo)
8 - LEAD VDFN
HOLD#(DQ3) [] 1 ~—’ 16 ] CLK
VCC [ 2 15 |1 DI (DQO)
NC ] 3 14 [ NC
NC [] 4 13 [ NC
NC [ 5 12 [ NC
NC [] 6 11 [ NC
CS# []7 10 [ VSS
DO (DQ1) ] 8 9 [JWPH# (DQ2)

16 - LEAD SOP
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Figure 2. VDFN 8 ( 6x8 mm )
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MIN. NOR MAX

A 0.70 0.75 0.80

A1 0.00 0.02 0.05

A2 --- 0.20 ---

D 7.90 8.00 8.10

E 5.90 6.00 6.10

D1 4.65 4.70 4.75

E1 4.55 4.60 4.65

e --- 1.27 ---

b 0.35 0.40 0.48

L 0.4 0.50 0.60

Note : 1. Coplanarity: 0.1 mm

Notice:

This package can’t contact to metal
trace or pad on board due to expose
metal pad underneath the package.
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Figure 3. 16 LEAD SOP 300 mil
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MIN. NOR MAX
A .- .- 2.65
A1 0.10 0.20 0.30
A2 2.25 - 2.40
c 0.20 0.25 0.30
D 10.10 10.30 10.50
E 10.00 --- 10.65
E1 7.40 7.50 7.60
e --- 1.27 ---
b 0.31 - 0.51
L 0.4 .- 1.27
0 0° 5° 8°

Note : 1. Coplanarity: 0.1 mm
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5. Pin Description

Symbol Pin Name Function
1 2
The device is activated /deactivated as CS# is driven LOW/HIGH.
_ After power-on, the device requires a falling-edge on CS# before
CS# Chip Select (Input) [any command can be written. The device goes to standby mode
when no PROGRAM, ERASE, or WRITE STATUS REGISTER
operation is in progress.
Hold pauses 3any serial communication with the device without
Hold (Input) /DQ deselecting it. When driven LOW, DO is at high impedance (Hi-Z),
HOLD# (DQs) (Input) /DQ; and all inputs in DI and CLK are ignored; CS# also should be driven
(Input/Output) LOW
HOLD# must not be driven during x4 operation.
) WP# is driven LOW to prevent overwriting the block-lock bits (BPO,
WP# (DQ;) [/ ike Protect (Input) |y d BP2) if the block regi ite disable (BRWD) bit i )
2 / DQ, (Input/Output) ,an )if t e bloc rgglster write lisa e ( ) bit is set.
WP# must not be driven during x4 operation.
CLK provides serial interface timing.
Address, commands, and data in DI are latched on the rising edge
CLK Serial Clock (Input) |of CLK.
Output (data in DO) is triggered after the falling-esdge of CLK.
The clock is valid only when the device is active.
Serial Data Input DI transfers data serially into the device. Device latches addresses,
DI (DQy) (Input) / DQg commands, and program data in DI on the rising-edge of CLK.
(Input/Output) DI must not be driven during x2 or x4 READ operation.
Serial Data Output [DO ftransfers data serially out of the device on the falling-edge of]
DO (DQy) (Output) / DQq CLK.
(Input/Output) DO must not be driven during x2 or x4 PROGRAM operation.
° Power V __is the power supply for device.
cc CcC
©
Ground Ground
SS
N.C. No Connection Not internally connected.
Note:

1. CS# places the device in active power mode.
2. CS# deselects the device and places DO at high impedance.
3. It means HOLD# input doesn’t terminate any READ, PROGRAM, or ERASE operation currently in

progress.

4. If the BRWD bit is set to 1 and WP# is LOW, the block protect bits can’t be altered.
5. Dl and DO can be triggered only when the clock is valid.
6. Connect all VCC and VSS pins of each device to common power supply outputs. Do not leave VCC or

VSS disconnected.
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6. Block Diagram

DI DO HOLD# WP#
CLK  (DQ,) (DQ;)  CS# (DQs)  (DQy)

I t 1t

R
Serial NAND controller
A A I
Vce A
—>
Vss Cache NAND
—> e EE—
memory Memory
Array
A 4
ECC and status registers
Figure 4. Functional Block Diagram
«— 2112 bytes ——»
-~ DO
Cache register 2048 '64 DI <
Data register 2048 :’54
— 1 page = (2K + 64) bytes
1 block = (2K + 64) bytes x 64 pages
= (128K + 4K) bytes
512 blocks
per device < 1 device = (128K+4K) bytes x 512 blocks
= 528 Mbits
_

Figure 5. Array Organization
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7. Command Set
Table 1. Command Set

Command Op Code Address Bytes | Dummy Bytes | Data Bytes

BLOCK ERASE D8h 3 0 0
GET FEATURE ' OFh 1 0 1
SET FEATURE 1Fh 1 0 1
WRITE DISABLE 04h 0 0 0
WRITE ENABLE 06h 0 0 0
PROGRAM LOAD 02h 2 0 1102112
PROGRAM LOAD x4 2 32h 2 0 1102112
PROGRAM LOAD RANDOM DATA 84h 2 0 1102112
PROGRAM LOAD RANDOM DATA x4 2 34h 2 0 1102112
PROGRAM EXECUTE 10h 3 0 0
PAGE READ 13h 3 0 0
READ FROM CACHE 03h, OBh 2 1 1to0 2112
READ FROM CACHE x2 3Bh 2 1 1102112
READ FROM CACHE x4 2 6Bh 2 1 1102112
READ ID ® 9Fh 1 0 2
RESET FFh 0 0 0
Note:

1. Refer to Feature Register.

2. Command/Address is 1-bit input per clock period, data is 4-bit input/output per clock period.

3. Address is 00h to get JEDEC ID
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8. Parameters
8.1. Absolute Ratings
Parameter Symbol Rating Unit
Vee -0.6 to +4.6
Voltage on any pin relative to Vss VN -0.6 to +4.6 \%
Vio -0.6 to VCC + 0.3 (< 4.6)
Temperature Under Bias Tgias -40 to +125 T
Storage Temperature Tste -65 to +150 C
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.

8.2. Recommended Operating Conditions

(Voltage reference to GND, Tp=—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 \Y
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8.3. DC and Operation Conditions

(Recommended operating conditions otherwise noted)

Parameter Symbol Test Conditions Min. Typ. 2 Max. | Unit
Page Read with | fC =104MHz, CS# =V, ) 12
Serial Access cet lour =0mA, TBD
Operating 20 mA
Current Program leco - - 12
Erase lccs - - 12
Stand-by Current (TTL) Isg1 CS# =V, WP# =0V/Vc - - 1 mA
CS# =V -0.2,
Stand-by Current (CMOS) Isg2 WP# =0V/ Vee - 10 50 uA
Input Leakage Current Iy VN =0 to Ve (max) - - +10 uA
Output Leakage Current o Vout =0 to V¢c (Max) - - +10 uA
Input High Voltage Vi - 0.7 x Ve - Ve 0.3 \
. 1 0.2 x
Input Low Voltage, All inputs Vi - -0.3 - v V
CC
Output High Voltage Level Vou lon = -20uA 0.7 x V¢ - - \
Output Low Voltage Level VoL lo=1TmA - - 0.15 Ve \

Note:

1. VIL can undershoot to -0.4V and VIH can overshoot to VCC + 0.4V for durations of 20 ns or less.

2. Typical value are measured at Vcc=3.3V, TA=25C. Not 100% tested.

8.4. Valid Block and Error Management

Description Requirement
Minimum / Maximum number of valid block number of block 502 /512
Bad block mark non FFh

Mark location

Column 2048 of page 0 and page 1

Note:

1. The device may include initial invalid blocks when first shipped. Additional invalid blocks may
develop while being used. The number of valid blocks is presented with both cases of invalid blocks
considered. 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 1bit/512Byte

ECC.
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8.5. AC Test Condition

(TA=—-40°C to 85°C, Vc=2.7V~3.6V, unless otherwise noted)

Parameter

Condition

Input Pulse Levels

0.2 VCC to 0.8 VCC

Input Rise and Fall Times

Max: 2.4 ns

Input and Output Timing Levels

Vee 12

Output Load

1 TTL Gate and C_ = 15pF

8.6. Capacitance

(Ta=25°C, Vc=3.3V, f =1.0MHz)

Item Symbol Test Condition Min. Max. Unit
Input / Output Capacitance Cio Vi =0V - 8 pF
Input Capacitance Ci ViN=0V - 8 pF
Note: Capacitance is periodically sampled and not 100% tested.
8.7. Read / Program / Erase Timing Characteristics
Parameter Symbol Min. Typ. Max. Unit
Average Program Time trroG - 400 900 us
Number of Partial Program Cycles NOP ) ) 4 Cycle
in the Same Page
Block Erase Time teeRs - 4 10 ms
Data Transfer from Cell to Register ) ) 100 us
with Internal ECC RD
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8.8. General Timing Characteristic

Parameter Symbol Min Max
Clock frequency fc 104MHz
Hold# non-active hold time relative to CLK teo 5ns
Hold# hold time relative to CLK ten 5ns
Command deselect time tcs 100ns
CS# setup time tcss 5ns
CS# hold time tesH 5ns
The last valid Clock low to CS# high tescL 5ns
Output disable time tois 20ns
Hold# non-active setup time relative to CLK the 7ns
Hold# setup time relative to CLK thp 5ns
Data input setup time tsupat 2ns
Data input hold time tiopaT 5ns
Output hold time tho Ons
Hold# to output Hi-Z thz 15ns
Hold# to output Low-Z tz 15ns
Clock low to output valid tv 8ns
Clock high time twH 4.5ns
Clock low time twi 4.5ns
Clock rise time (slew rate) terT 0.1V/ns
Clock fall time (slew rate) terT 0.1V/ns
WP# setup time twes 20ns
WP# hold time tweH 100ns
Resetting time during Idle/Read/Program/Erase trsT 5/100/900/500us

Note: For first RESET condition after power up, tRST will be 1ms MAX.
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9. Technical Notes

9.1. Bus Operation

SPI NAND supports two SPI modes:
(Mode 0) CPOL (clock polarity) = 0, CPHA (clock phase) = 0
(Mode 3) CPOL=1, CPHA=1

Input data is latched in on the rising edge of CLK, and output data is available from the falling edge of
CLK for both modes.
When CS# is high, keep CLK at VCC (Mode 0) or VSS (Mode 3). Do not begin toggling CLK until after

CS# is driven LOW.

CPOL CPHA

D D CLK :: :I Iaa—\..l" .—'.I : : I.'j_.'. ll-l_llll I-'_". I: :I |II.-—\ill .u"_|'-| 1)
Jd—J  J /S S S g S L

1 1 CLK : |T 3 J \ { ! .: .I / \ | 5\ / ik .-‘l i g |
DI = i msB ') Y LsB Iy ) L

1 L \ M | J LA L

vy IR f ¥, \ 1, v v Yy
Do~ | ) [“msB ) ) {LsB -

= 3 13 1 r

st )\ ) )

LY il it LA

Figure 6. SPI Modes Timing
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9.2. Feature Operations

The GET FEATURE (0Fh) and SET FEATURE (1Fh) commands are used to alter the device behavior
from the default power-on behavior. These commands use a 1-Byte feature address to determine which
feature is to be read or modified.
When a feature is set, it remains active until the device is power cycled or the feature is written to.
Unless otherwise specified in Table 2, once the device is set, it remains set, even if a RESET (FFh)
command is issued.

Table 2. Feature Settings

Data Bits
Register | Address
7 6 5 4 3 2 1 0
BLI((;;I: AOh BRWD ' | Reserved BP2 BP1 BPO Reserved | Reserved | Reserved
OoTP BOh OTP oTP Reserved ECC 2 | Reserved | Reserved | Reserved | Reserved
Protect Enable Enable
Status COh Reserved | Reserved | ECC_S1 | ECC_SO0 P_Fail E_Fail WEL ® oIP
ODLrjit\f’:rt DOh * Reserved | DRV_S1 | DRV_SO0 | Reserved | Reserved | Reserved | Reserved | Reserved
Note:

1. BRWD is not protected (fixed) even when BRWD is enabled and WP# is LOW; (38h) is the default
data byte value for Block Lock Register after power-up.
2. 1-bit internal ECC for all READ and PROGRAM operations can be enabled (ECC enable = 1) or
disabled (ECC enable = 0); (10h) is the default data byte value for OTP Register after power-up.
3. WEL = 0 is the default data bit value for Status Register after power-up.

4. (20h) is the default data byte value for Output Driver Register after power-up.

Table 3. Block Protect Bits of Block Lock Register

BP2 (5) BP1 (4) BPO (3) Protected Rows
0 0 0 None; all unlocked
0 0 1 Upper 1/64 locked
0 1 0 Upper 1/32 locked
0 1 1 Upper 1/16 locked
1 0 0 Upper 1/8 locked
1 0 1 Upper 1/4 locked
1 1 0 Upper 1/2 locked
1 1 1 All locked (default)




9.3 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. It means the OTP

area becomes read-only after being locked.

The OTP area is only accessible while the OTP enable bit is set to 1. To set the device to OTP
operation mode, issue the Set Feature (1Fh) command. When the device is in OTP operation mode,
subsequent Read and/or Page Program (both X1 and X4) are applied to the OTP area. Please refer to
relative command sequences defined in datasheet. When you want to come back to normal operation,

you need to set OTP enable bit to 0. Otherwise, device will stay in OTP mode.

OTP Read:

Issue the Set Feature (1Fh) command.
Issue the feature address (BOh).

Set the OTP enable bit to 1.

Issue the Page Read (13h) command.

OTP Program:

Issue the Set Feature (1Fh) command.

Issue the feature address (BOh).

Set the OTP enable bit to 1.

Issue the Write Enable (06h) command.

Issue the Program Load (02h) and Program Execute (10h) commands.

OTP Lock

Issue the Set Feature (1Fh) command.

Issue the feature address (BOh).

Set both the OTP enable and OTP protect bits to 1.
Issue the Program Execute (10h) command.

Table 4. OTP Modes and Commands

EN25LN512

Set Feature
Read 1Fh - BOh' - 40h or 50h?
OTP Operation mode
Page Program 1Fh - BOh - 40h or 50h
OTP Protection mode Program Protect 1Fh - BOh - COh or DOh
OTP Release mode Leave OTP mode 1Fh - BOh - 00h or 10h

Note:

1. BOh is OTP status register address.
2. 40h (50h), 00h (DOh), and 00h (10h) are OTP register data values as ECC disabled (enabled).
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Table 5. 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
Table 6. OTP State Bits of OTP Register
OTP Protect Bit (7) | OTP Enable Bit (6) State
0 0 Normal operation (read array)
0 1 Access OTP space
1 0 Not applicable
1 1 Lock the OTP area
Table 7. Driver Strength Bits of Output Driver Register
DRV_S1 DRV_SO0 Driver Strength
0 0 100%
0 1 75%
1 0 50%
1 1 25%
12 3 4 s?s9101112131415161?1&1920212223
CLK _EL] Ill_.l |U| V] '|| : ‘\_Jl[ 1.‘_: ]ll_l_ .“I_JI[ 1‘ ‘4[ \_}' \'ulr \ | ]||_||r | ||' 'll J \ |/ | | J’ \ ‘r ]ll_l: | [] I_EL
-
cs# ((\ /? F
Command (0Fh) | 1 byte address |
1)
DI ({\ / 0.0/60.0.0 00 /i
MSB Data byte
3 . \
bo — —High-Z 7 BBDGQGQ

Figure 7. GET FEATURE (0Fh) Timing

//] Don't Care
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CLK | E_‘JEULL'{E\ﬁdiUEU%u

cst ||\

10 11 12 13 14

AUAYAVAVAVAVAVAS

15

16 17 18 19 20 21 22 23

AYAVAVAVAUAUAUAE JENI

Command (1Fh)

1 byte address

Data byte |

o (N /T

Figure 8. SET FEATURE (1Fh) Timing

9.3. Array Write Enable / Disable

The WRITE ENABLE (06h) command sets the WEL bit (in status register) to 1. This is required in the
following WRITE operations that change the contents of the memory array: PAGE PROGRAM, BLOCK

ERASE, and OTP PROGRAM.

20000000,

DOEDDDONAY

MSB

Don't Care

Contrarily, the WRITE DISABLE (04h) command sets the WEL bit to 0. This disables PAGE

PROGRAM, BLOCK ERASE, and OTP

w L FUU U UL

CS# _E'e_\

PROGRAM.

Command (06h)

Sl
ali

/

ala

CS# ?8_\

Command (04h)

o 1 2 3 4 5 &
e ) LA

-

/U

Figure 9. WRITE ENABLE (06h) Timing

7

L
2

la

Figure 10. WRITE DISABLE (04h) Timing
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9.4. Status Register

Software can read status register during the NAND device operation by issuing GET FEATURE (OFh)
command, followed by the feature address COh. The status register will output the status of the
operation, refer to Table 2, Table 6 and Table 7.

Table 8. Bits of Status Register

Bit Name

Mode

Description

Program fail (Bit 3)

P_Fail is set to 1 as a program failure has occurred. P_Fail = 1
will also be set if the user attempts to program an invalid
address or a locked region.

P_Fail is set to 0 during the PROGRAM EXECUTE command
sequence or the RESET command.

Erase fail (Bit 2)

E_Fail is set to 1 as an erase failure has occurred. E_Fail = 1
will also be set if the user attempts to erase a locked region, or if
ERASE operation fails.

E_Fail is set to 0 at the start of the BLOCK ERASE command
sequence or the RESET command.

Write enable latch (Bit1)

WEL must be set to 1 to indicate the current status of the write
enable latch, prior to issuing PROGRAM EXECUTE or BLOCK
ERASE command. It is set by issuing WRITE ENABLE
command.

WEL is disabled (WEL=0) by issuing the WRITE DISABLE
command.

Operation in progress (Bit 0)

OIP is set to 1 when the device is busy; it means a PROGRAM
EXECUTE, PAGE READ, BLOCK ERASE, or RESET command
is executing.

OIP is cleared to O as the interface is in ready state.

ECC_Status1 (Bit 5)
ECC_Status0 (Bit 4)

Table 8 shows the ECCS definitions.

ECC_S is set to 00h either following a RESET, or at the
beginning of the READ. It is then updated after the device
completes a valid READ operation.

ECC_S is invalid if ECC is disabled (via a SET FEATURE
command to Bit 4 in OTP register).

Table 9. ECC Status Bits of Status Register

ECCS1 (5) ECCSO0 (4) Description
0 0 No errors
0 1 1-bit error detected and corrected
1 0 2-bit errors detected and not corrected
1 1 Reserved
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9.5. Error Management

Mask Out Initial Invalid Blocks

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 blocks is called the initial invalid
block information. Devices with initial invalid blocks have the same quality level as devices with all valid
blocks and have the same AC and DC characteristics. An initial invalid block does not affect the
performance of valid blocks 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 blocks 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 1bit/512Byte ECC.

Identifying Initial invalid Blocks

Unpredictable behavior may result from programming or erasing the defective blocks. Figure 11
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 2048 of page 0 and page 1. 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.
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| St |
| SetBlock Address =0 |
Increase
Block
Address
[
Create Initial Check “FFh” at column address 2048 of the
Invalid Block
Tahle first page and the second page
yes
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=First_Byte_of Spare_Area]l=FFh) Defect_Block_Found=True;
Read_Page(lu=i, block=j, page=1);
If (Data[coloumn=First_Byte_of Spare_Area]l=FFh) Defect_Block_Found=True;
If (Defect_Block_Found) Mark_Block_as_Defective(lu=i, block=j);
}

Figure 11. Algorithm for Bad Block Scanning
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Block Replacement

Within its lifetime, number of invalid blocks may increase 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 failure after ERASE or PROGRAM in status register,
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.

Block A

nth — An error occurs.

page

Block B

1st

(n-B th

nth —P An error occurs.

page

Ist

(n-1)th

Buffer memory of the

controller

* Step 1

When 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
block. (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.

Note: Please refer to Internal Data Move.
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ECC Protection

ECC is enabled after device power-up, so the default PROGRAM and READ commands operate with
internal ECC in the active state.

During a PROGRAM operation, the device calculates an ECC code on the 2KB page in the cache
register, before the page is written to the NAND Flash array. The ECC code is stored in the spare area
of the page in array.

During a READ operation, the page data is read from the array to the cache register, where the ECC
code is calculated and compared with the ECC code value read from the array. If a single-bit data error
is discovered, the error is corrected in the cache register and only the corrected data is on the output
bus.

Table 10. ECC Protection

Max Byte Address | Min Byte Address | ECC Protected Area Description
1FFh (511) 000h (0) Yes Main O User data 0
3FFh (1023) 200h (512) Yes Main 1 User data 1"
5FFh (1535) 400h (1024) Yes Main 2 User data 2
7FFh (2047) 600h (1536) Yes Main 3 User data 3
800h (2048) 800h (2048) No Reserved
803h (2051) 801h (2049) No ECC for main 0 2
807h (2055) 804h (2052) Yes ECC for spare 0 ?
80Fh (2063) 808h (2056) Yes Spare 0 |User meta data 0 '
810h (2064) 810h (2064) No Reserved
813h (2067) 811h (2065) No ECC for main 12
817h (2071) 814h (2068) Yes ECC for spare 12
81Fh (2079) 818h (2072) Yes Spare 1 |User meta data 1
820h (2080) 820h (2080) No Reserved
823h (2083) 821h (2081) No ECC for main 2 2
827h (2087) 824h (2084) Yes ECC for spare 2 2
82Fh (2095) 828h (2088) Yes Spare 2  |User meta data 2 '
830h (2096) 830h (2096) No Reserved
833h (2099) 831h (2097) No ECC for main 3 2
837h (2103) 834h (2100) Yes ECC for spare 3 2
83Fh (2111) 838h (2104) Yes Spare 3 |User meta data 3 '
FFFh (4095) 840h (2112) No Reserved
Note:

1. The user areas must be programmed within a single partial-page programming operation so the

NAND Flash device can calculate the proper ECC bytes.
2. When internal ECC is enabled, these areas are prohibited to be programming.




EN25LN512

9.6. Addressing for Program Operation

Within a block, the pages must be programmed consecutively from the LSB (least significant bit) page of
the block to MSB (most significant bit) 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 O.

Page 63 (64) Page 63 {64)
Page 31 (32) Page 31 (1)
Page 2 (3) Page 2 (3)
Page 1 (2) Page 1 (32)
Page 0 (1) Page 0 (2)
A L Y
Data register Data register
From to M Ex.}) Random page program (Prohibition)
DATA IN: Data (1) —» Data (64) DATA IN: Data (1) — Data (64)

10. Operations and Timing Diagrams

10.1. Read Operations and Serial Output
The command sequence is follows:

B 13h (PAGE READ to cache)
B OFh (GET FEATURE command to read the status)
B 0Bhor 03h (READ FROM CACHE x1) / 3Bh (x2) / 6Bh (x4)

PAGE READ command requires 24-bit address with 9 dummy and a 15-bit row address. After row
address is registered, the device starts the transfer from the main array to the cache register, and is
busy for tRD time. During this time, GET FEATURE command can be issued to monitor the status of the
operation. Following a status of successful completion, READ FROM CACHE command must be issued
to read the data out of the cache.

READ FROM CACHE command requires 16-bit address with 4 dummy bits and a 12-bit column
address for the starting byte. The starting byte can be 0 to 2011, but after the end of the cache register
is reached, the data does not wrap around and DO goes to a Hi-Z state.




Gy
s EN25LN512

9 10 1 12 13 14 15 16 17 18 19 20 21 2 23 2

| Command (13h) | Address bits

| |
o\ /\
DO { | — Highz I

23 2 25 26 27 28 29 30 3

CLK
|
CS# |
| Address bits tcs . GET FEATURES (OFh) Status register address (CDI:}
bl Bﬂﬂﬂﬂﬂﬂﬂ DY 7 BGGBQDO
MSB
Do High-Z :

I

|

[1]
13| 14 15 1% 17 18 19 20 21 22 23

CLKMWWLRFMW'_H—

|
| |l e
SKED SO /R RV

Cs#

I Status register data out Status register data out
po — XXX XX XX IIX XX X o——
MSB MSB

m Don't Care

Figure 12. PAGE READ (13h) Timing
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. 0 1 2 3 4 5 6 7 a8 9 mw 11 12 13 14 15 16 17 18 19 20 21 22 24 | 25
CLK fa ] “\ .|I'_‘Il JI’_|]l J'F_‘Il ;r‘l'. _'rr_]ll ;,_\L L ;'r". ,';_‘I'. r | Ill. [ J"_|'l_ _Ill—li _Ill_‘i JII_‘i JII_‘! ,'I—‘.! ;II'_il lll_“l J'I_". n'n'- I '_" l}r_l
|
cs# | [\ |
| Command (03h or 0Bh) | 4 dummy bits | 12-bit column address | Idumrmr byte
f
o { [\ ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ |
DO % \) High-Z I
23 24 (25 26 27 28 29 30 31 32 33 34 35 16919 16827
w ANAANNAAAAAANNNAR Ry
|
CS# |
| | 1 durmmy byte
ot (o)— ”/{44////42%//'7//%”////”/% T /Wf
| Data out 1 I Data out 2112
D0 ———| iz 0000000 800000000
| MSB MSE
II' mDon"lCare

Figure 13. READ FROM CACHE (03h or 0Bh) Timing

Note: Final data (LSB in the 21 12th Byte for x1) would be reset to Hi-Z at CLK rising edge.
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no12 o131 ’1_5‘ 16 24|2s

A AANAANNAN WRUR
|

cse ||\ |

| 1 2 3 4 7 B8 'E‘ 10
SR ANAVAVANAVAVAE AVANANA

| Command (3Bh) | ddummy bits | 12-bit column address | 1 dummly byte
! | | |

o { [\ / \_/ DX oXO X Qﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

Do N High-Z

|
|
|
4|25 29 30 31 32 33 34 35 35 37 338 39 34?]... 84?9
[
|
\

aw f1] RN, VUV VAU S SRVAVAVE SRURNAVE 213

) ]
l 1 dummy byte o Sl switches fror!'l input to output

DI ) s X e X 2 ) oo X)X o X ) Do X a X2 ) o X e X a X2 )Xo} |

Do High-Z 20600 0000 800000006 i

|
|
|
I
|
|
|
|i| Data out 1 Data out 2 Data out 2111 Data out 2112

Figure 14. READ FROM CACHE x2 (3Bh) Timing

h
Note: Final data (last 2-bit in the 21 12t Byte for x2) would be reset to Hi-Z at CLK rising edge.
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. 0 1 2 3 4 5 L] 7 i 9 10 N 13 'lj‘ '_ 17 19 20 21 23 ’2_4‘|'2_5‘
L AUASAVAVAVAVAE AVAVAUA! ﬂﬂ ﬂﬂ F aﬂﬂﬂf‘w\
|
e 1)\ |

| Command (6Bh) 4 dummy bits | 12-bit column address 1 dummly byte
DI :
CIANIYAREERNVANAR O O 00 OO 00000068680 —‘—|
MSB
ﬂ)%n ( High-Z I
|
rgzz) High-Z |
) |
H,%%[;"’ High | High-Z }
23 24 | 25 26 27 28 '2_9 30 31 32 33 36 37
S AV ATRVAVAVAVRVAVETAWA TN TMTH Tk
CcSs# ') P
1 dummy byte e sl wwtches frcrn input to ou‘tpu‘t
ﬂ)' ) aY oW aXoYaXoYa\o G D@ 3

|

|

|

|

|
DO | )
{a) | High-Z 3O O0000 00 aNa:

|

|

|

|

1

oy High-Z O 0600600 aNO:
HOLD )
003) High-Z I ED € E) EE) 6V E QD(E?\

Ii_] Byte 1 | Byte2 | Byte3 | Byted

Figure 15. READ FROM CACHE x4 (6Bh) Timing

h
Note: Final data (last 4-bit in the 21 12t Byte for x4) would be reset to Hi-Z at CLK rising edge.
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WL

.Il.g
|

AR
cs# [

'HO v ‘HO

///| Don't Care

Figure 16. Serial Output Timing

10.2. Program Operations and Serial Input

Page Program

The command sequence is follows:

B 06h (WRITE ENABLE)

B 02h (PROGRAM LOAD x1)/ 32h (x4)

B 10h (PROGRAM EXECUTE)

B OFh (GET FEATURE command to read the status)

The page program operation sequence programs 1 byte to 2112 bytes of data within a page. If WRITE
ENABLE command is not issued (WEL bit is not set), then the rest of the program sequence is ignored.
PROGRAM LOAD command requires 16-bit address with 4 dummy and a 12-bit column address, then
the data bytes to be loaded into cache register. Only four partial page programs are allowed on a single
page. If more than 2112 bytes are loaded, then those additional bytes are ignored by the cache register.
After the data is loaded, PROGRAM EXECUTE command must be issued to transfer the data from
cache register to main array, and is busy for tPROG time. PROGRAM EXECUTE command requires
24-bit address with 9 dummy bits and a 15-bit row address.
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CLK_E E \ l_‘,'l IIl_‘|' I| |I '| |' \ |' \ |' I|

TRAN

DI_N\

CLK

cs#

— '|_1 (-

0 1 2 3 4 5 &

?891011 12
NRNANARRNRY

[T T N \

13
||||

14

L 'l_lll

15 16
1o
|

17 18 19

LN

(-

20 21

1

UYL

22 23 L24 25

LU
|
|

Command (02h)

4 dummy bits

12-bit column address

|
Data byte 1

23 24 25 26 27 28 20 30

ll Ir |||_|'r -lll—llr .I'|_|'[ ]||_||[ ]II—III ]'|_

/ \JEOXEEXD

31 32 33 3& 35

.|II—IIT I ||I |I | |I I| II

36 37 38

|' '||_|| ||_||[ L

19
13

|

u

16912..

/!

Batanatata¥

?

]

. 16919
U

| Data byte 1

Data byte 2

Data byte 2112

0 0000000

i

IXEXEEOEEE®

Vo oeoD DD Wil

Figure 17. PROGRAM LOAD (02h) Timing

Den't Care
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112 13 14 15 16 17 18 19 20 21 22 23 R4 25

o 12 3 4 s 6T 8 8 w0 LN
S AN AV ARV AV AN AN RN AVAR AN AN AV AVAVAUAUANAVAVAVACAE RE AN
|
CS# ??\ |
Command (32h) 4 dummy bits 12-bit column address |
DI
o) ]\ ! N ] ﬂﬂaﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂno
(001) —2) High-Z s X1 X5
a9 2O
by 2D
Byte 1
—
(1]
23 024 25 26 27T 28 29 30 4247
ak U UVULVRVREN
cst ) /'et
RGO Q01—
?n?m {5X1) Ao
R C o QH—
Hops {7 X3 QD_H_
{DQ3)
Byte 1

Dan‘t Care

E_

Figure 18. PROGRAM LOAD x4 (32h) Timing
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S & 7, 8 9 10 11 12 13 14 15 % 17 1@ 1% 20 1 22 23 24 23S

EAVAVANAVAVANANAVRUANARAY

|
l

cermeﬁfL
cst |1\ |

Command {10h) |

Adldress bits
b 1\ /\ @EE@@QEEBQBBDEBBBB
00 L—wignz l
(1]
ck [ AN vy ﬂu}ﬂn ﬂf
|
cst# | AT\
I Addiress bits Get Feature [0Fh) I Status register address (COh) 1
DI 0000000 8N DGBGBGDOV

Do

High-Z

—_a
—

|
|
(1]

13 14

IU_UlfL

cs# |

VAV

15 16 17 18 19 20 21 22 2 24 X5 2% 27 28 20 W 3
rlﬂﬂﬂﬂfb}ﬂ%‘ﬂﬂﬂﬂﬂﬂﬂf
)

2]

-
/N

Status register address

o XX U, A Y,

Status register data cut

Status register data out

{IXEEXDEEET UXEOEXDEEEE)

Figure 19. PROGRAM EXECUTE (10h) Timing

R
Don't Care
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Random Data Program

The command sequence is follows:

06h (WRITE ENABLE)

84h (PROGRAM LOAD RANDOM DATA x1) / 34h (x4)

10h (PROGRAM EXECUTE)

OFh (GET FEATURE command to read the status)

The random data program operation sequence programs data in a page-cache with existing data.
PROGRAM LOAD RANDOM DATA command requires 16-bit address with 4 dummy bits and a 12-bit
column address. New data is loaded in the column address provided. If the random data is not
sequential, then another PROGRAM LOAD RANDOM DATA command must be issued with a new
column address. After the data is loaded, PROGRAM EXECUTE command can be issued to start the
programming operation.

[1] ;"1456'1‘;%10112131415 1?2192021222324&
“Uf‘_\J'"\JII'l;'L]_"H'rLJ\J"lf'tF'L 'l,llllull'—l ‘_\ﬂllf‘_\ I'Iﬂ L{\Jll'l
I
|
L Command (84h) 4 dummy bits | 12-bit column address | Datla byte 1
o[ \/ \ /\ O X 1o)X o (8 X7 X6 X5 X X3 X2 X X o XIXEE

CLK

CS#

24 25 26 27 28 29 30

—\Jt;‘ FL! ",ﬂ

31 32 33 34 35 3 37 38 39 16912.. 16919

AAAAAAA LT i

A S ! ]

EB N

B 0000000

| Data byte 1

Data byte 2 Data byte 2112

1]

E] Don't Care

Figure 20. PROGRAM LOAD RANDOM DATA (84h) Timing
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CLK _EL

“JU u"u_.
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B 9 10 41
l'._]ux

13 14

15 16 17 13

19 20 20

VUV VUV VUV VUL

L—v
r— Tha
[___01

Ccs# ??\

Command (34h)

4 dummy bits ‘

12-bit column address

]}
(DQ0) {\ / N A T

(001]' —2)

HONE
:

High-Z @
WP )
(DQ2) & High %, @@@
HOLD# .
Hoae & % 7.6 & @
| Byle 1
o
23 24 25 26 27 28 29 ao 4247

-

CLK

L

WAER a3

H—
0

H—

i

% Don't Care

Figure 21. PROGRAM LOAD RANDOM DATA x4 (34h) Timing
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s tceT s
o T2, [

DO —High-Z E E

Don't Care

tCSCL

ek /N N/ 7\_/_*‘:_}*_\_
cst T % J—

Dl GJLL1711 K MSB LLJJLIIIA, LI S8 XTI

DO —High-Z E E‘

Don't Care

Figure 22. Serial Input and tCSCL Timing
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10.3. Internal Data Move

The command sequence is follows:

B 13h (PAGE READ to cache)

Bl 06h (WRITE ENABLE)

Bl 84h (PROGRAM LOAD RANDOM DATA x1) / 34h (x4); this is OPTIONAL in sequence.

Bl 10h (PROGRAM EXECUTE)

H OFh (GET FEATURE command to read the status)

The INTERNAL DATA MOVE operation sequence copies or modifies data form page A to page B (Page
B should has all FFh data). Prior to performing an INTERNAL DATA MOVE operation, the target page

content must be read into the cache register. PAGE READ command must be followed with a WRITE
ENABLE command to change the contents of memory array.

10.4. Erase Operation

The command sequence is follows:

B 06h (WRITE ENABLE)

B D8h (BLOCK ERASE)

Bl OFh (GET FEATURE command to read the status)

BLOCK ERASE command requires 24-bit address with 9 dummy bits and a 15-bit row address. If
WRITE ENABLE command is not issued (WEL bit is not set), then the rest of the erase sequence is

ignored. After the row address is registered, the control logic automatically controls the timing and the
erase-verify operations, and the device is busy for tBERS time. BLOCK ERASE command operates on

one block at a time.
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0 1 2 3% 4 5 6 7 8 9 10 M 12 13 14 15 16 17 18 19 20 21 2 23 |24 25
CLK | f
st 1\ |

| Command (D8h) Address bits |

VAN 66000 00 00060 D C0 D000 0

|
DO - [—Highz I
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CLK

|
cs# | |/?E\ |

| Address bits

GET FEATURES (0Fh) Status register address (C0) | |
ol XXX OGO /S XXX N
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DO High-Z EE

K
| I
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)} s
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1

o e Y,
0o nnnaannaooaoo
E 7 bon't Care

Figure 23. BLOCK ERASE (D8h) Timing
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10.5. Read ID

The device contains a product identification mode, initiated by writing 9Fh to the command register,
followed by an address |nput of OOhh Five read cycles sequentially output the manufacturer code (C8h),

and the device code and 3 4 , 5 cycle ID respectively. The command register remains in Read ID
mode until further commands are issued to it.

EN25LN512

12 13 14 16 17 18

8
"lj_\fﬁlt lﬂ;lf'lF'Lll‘ll F'I—"l" |'
cs#? E\ !

‘ Command (9Fh) Dummy byte
o] 00O VI

Manufacturer ID Device ID

0

19 20 21 22 23 24 25
[AVANESAVA
4

ll
lil

e
_,'J:

CLK { 8 \

DO { |- High-Z

23 24J 25 26 27 28 29 30 N
r
]

ax [ AAAAAANY 0w
CS# ! /—E 87
|
R
Device ID
DO

00600000 -
o

Table 11. ID Definition Table

Don't Care

Figure 24. READ ID Timing

Part No. (M;:(te?gﬁje) (D:\:‘i‘ciy&l)ede) 3" Cycle 4™ Cycle 5™ Cycle
EN25LN512 C8h 20h 7Fh 7Fh 7Fh

Description

1% Byte Maker Code

2" Byte Device Code

3" Byte JEDEC Maker Code Continuation Code, 7Fh

4" Byte JEDEC Maker Code Continuation Code, 7Fh

5" Byte JEDEC Maker Code Continuation Code, 7Fh
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10.6. WP# Timing

CLK

cs#

DI

WP#

CLK

CS#

DI

WP#

\ 1] 1 i i 4 5 6 'l 8 9 o 11 12 13 14 15 16 17 E 19 20 ﬂ
48 '4"_":_]" Ill_llI ||I_lII Ill_lll'_lll_"{_\ln_.lll_‘lll__ I|I_|II Ill_nlhl'._.lml._.'{_\._'l’_‘lll_}l I|_.'I’_|I'._."_|._'II II|_JII Ill_JII I II'._.'=_|I|._'II
U |

|
| Command (1Fh) Address (ADh) |Data byte
I
! 7 X8 X3 XA XXX Ko J2 XE X K2)
B

M5

M5B |

tps
N

21 22 23

-

17 18 19 20
[ A o O O R R B
JU Uy yy

l
| Data byte

-

|
[]

WPH - e_

Don't Care

Figure 25. WP# Timing

|
[]
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10.7. HOLD# Timing

HOLD# input provides a method to pause serial communication with the device but doesn’t terminate
any READ, PROGRAM, or ERASE operation currently in progress.

Hold mode starts at the falling edge of HOLD# provided CLK is also Low. If CLK is High when HOLD#
goes Low, hold mode begins after the next falling edge of CLK. Similarly, hold mode is exited at the
rising edge of HOLD# provided CLK is also Low. If CLK is High, hold mode ends after the next falling
edge of CLK.

During hold mode, DO is Hi-Z, and DI and CLK inputs are ignored.

tcH HD tHC
|- — -
CLK 1( L )T 7F \ /
-t D -
cs# \ )}

%
HOLD# ¥ )| £

Figure 26. HOLD# Timing

Note:
In high frequency operation, please notice that it may NOT be suitable to pull HOLD# during CLK Low.




Gy
EN25LN512

10.8. Power-Up

During power transitions, VCC is internally monitored. 250us after VCC has reached 2.5V, WP# is taken

High, the device automatically performs the RESET command. The first access to the SPI NAND device
can occur 1ms after WP# goes High, and then CS# can be driven Low, CLK can start, and the required
command can be issued to the device.

otk )T oo Yatatatalali
w (LA \
WPt | 2 T X

cst )] E

50|.|s
-] Read from cache (03h or 0Bh) .
i | (

DO —2 8— High-Z

~r

SR I o

T

'/ Don't Care

Figure 27. Power-Up and RESET Timing
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11. Ordering Information

EN25LN 512 - 104 Y I P

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

TEMPERATURE RANGE
| = Industrial (-40°C to +85C)

PACKAGE
Y = 8-pin VDFN (6x8mm)
F = 16-pin 300mil SOP

SPEED OPTION for BURST ACCESS TIME
104 = 104MHz

DENSITY
512 = 512 Megabit [(64M + 2M) x 8 Bit]

BASE PART NUMBER
EN = Eon Silicon Solution Inc.
25LN = 3.0V Operation SPI-NAND Flash
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12. Revisions List

Revision No

Description Date
A Initial Release 2013/08/12
B Supple_ment the description of One-Time Programmable (OTP) 2013/09/30
Operations.
C Add 16-pin 300mil SOP package option. 2014/02/20




