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1. Overview

SPI NAND PN26GO1A

The PN26GO01A is a 1G-bit (128 M-byte) SPI (Serial Peripheral Interface) NAND Flash memory, with advanced write
protection mechanisms. The PN26G01A supports the standard Serial Peripheral Interface (SPI), Dual/Quad I/O
option.

2. Features

1Gbit of NAND Flash memory
Single-level cell (SLC) technology

Page size : 2176 bytes(2048 + 128 bytes)
Block size : 64 pages(128K + 8K bytes)
Device size: 1Gb(1024 blocks)

Serial Interface

Standard SPI: CLK, CS#, DI, DO, WP#
Dual SPI: CLK, CS#, DQO, DQ1, WP#

Quad SPI: CLK, CS#, DQO, DQ1, DQ2, DQ3

High Performance

108MHz for fast read

Quad 1/0 data transfer up to 432Mbits/s
2176/2048/64/16 wrap read option
2K-Byte cache for fast random read
Cache read and cache program

Advanced Security Features

Write protect all/portion of memory via software
Individual Block array protection

Lockable 16K-Byte OTP region

64-Bit Unique ID for each device

Rev A1.7

Program/Erase/Read Speed

Page Program time : 300us typical
(without ECC)

BLOCK ERASE time : 3ms typical
PAGE READ time : 120us maximum
(without ECC)

Single Supply Voltage : 2.7V~3.6V

Advanced Security Features

Internal ECC option, per 512 bytes
Internal data move by page with ECC
Promised golden blockO

Package

8-pin WSON (8*6mm)

24-pin TFBGA (8*6mm)

All Packages are RoHS Compliant and Halogen-free

Minimum 100,000 Program/Erase Cycles

Data retention: 10 years
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3. Packaging Type and Pin Configurations

PN26GO01A is offered in an 8-pin WSON 8x6-mm as shown in Figure 1. Package diagram and dimension are illustrated
at the end of this datasheet.

/CS
DO (10,)
/WP (10,)

GND

Top View
....... 31 8
A 7
F S 6
..... ~ 4 5

3.1 Pin Description

Top View
DN PRV X T Y}
NG N NG N
B B 8% B4
VCC N CLK  GND  VCC
& €2 €3 4
JHOLD (10,)
MNC flessd MNC AP (102)
CLK D1 D2 D: D4
NG CO(0) DOy MHOLDIO:)
DI (I0,) £ €2 & &
MNC NEC MNC NEC
NE NG NC NG

PIN NO. PIN NAME

110 FUNCTION

1 CQH# | Chin Salect Inniit

2 DO (DQy) /O  |Data Output (Data Input Output 1)@

3 WP# (DQ5) /O |Write Protect Input (Data Input Output 2)®
4 VSS Ground

5 DI (DQo) /O  |Data Input (Data Input Output 0)")

6 CLK I Serial Clock Input

7 HOLD# (DQx3) /0 |Hold Input (Data Input Output 3)®

8 VCC Power Supply

Note:

1 DQo and DQ; are used for Dual SPI instructions.
2 DQo — DQs are used for Quad SPI/DDR instructions
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4. Block Diagram

CLK

DO/ WP#/ HOLD#/
CS# DQO DQ1 DQ2

DQO

LT

v

v v v

Serial Interface Logic

A I
Status I\%aChe NAND
Register emory Flash
v ¢ memory
ECC codec core
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5. Memory Mapping

Blocks 0 1 2 ([ EX XXX XX Y X BETiX]

RA<15:6>

Pages 0 1 eooeoeo000e | ;3

RA<5:0>

Bytes 0 1 2 Y Y Y Y Y RN Y Y YN YYRYYY Y 2175

CA<11:0>

Note:

1. CA: Column Address. The 12-bit column address is capable of addressing from 0 to 4095 bytes; however,only bytes
0 through 2175 are valid. Bytes 2176 through 4095 of each page are “out of bounds, ” do not exists in the
device, and cannot be addressed.

2. RA: Row Address. RA<5:0> selects a page inside a block, and RA<15:6> selects a block.
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SPINAND PN26GO1A
6. ArrayOrganization
Table2  Array Organization
Each device has Each block has Each page has Unit
128M + 8M 128K + 8K 2K + 128 bytes
1024 x 64 64 Pages
1024 Blocks
Figure 4 Array Organization
//J
. ¢ + »DQ3-DQ0
Cache Reaqister 2048 1128
I
;f/
|
Data Register 2048 1128 /

1page = (2K + 128 bytes)
1 block =64 pages
—— = (128K + 8K) bytes
ocks 1 device = 1024 blocks
Per device /// Aiock /// =1Gb
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7. DEVICE OPERATION
7.1 SPI Modes

.Standard SPI
The PN26GO01A is accessed through an SPI compatible bus consisting of four signals: Serial Clock (CLK), Chip
Select (CS#), Serial Data Input (DI) and Serial Data Output (DO). Standard SPI instructions use the DI input pin to
serially write instructions, addresses or data to the device on the rising edge of CLK. The DO output pin is used
to read data or status from the device on the falling edge of CLK.

SPI bus operation Mode 0 (0,0) and 3 (1,1) are supported. The primary difference between Mode 0 and Mode 3
concerns the normal state of the CLK signal when the SPI bus master is in standby and data is not being
transferred to the Serial Flash. For Mode 0, the CLK signal is normally low on the falling and rising edges of CS#.
For Mode 3, the CLK signal is normally high on the falling and rising edges of CS#.

1 [
Cs#

MODE3 \ MODE3

rrrrrrrrrrrr

DI Bit7 A Bit6 } Bits } Bita X Bita ) Bitz } Bit1 X Bito X[} ) J O X DONT CARE [}
L L r

 DANEA QOO0 —
MSB ¥ 4 4 Y
DO HIGH IMPEET!ANCE : Bit7 Y B mmmm

MSB

SPI SDR Modes Supported
.Dual SPI

The PN26GO01A supports Dual SPI operation when using the x2 and dual 10 instructions. These instructions allow
data to be transferred to or from the device at two times the rate of ordinary Serial Flash devices. When using
Dual SPI instructions, the DI and DO pins become bidirectional I/O pins: DQO and DQ1.

.Quad SPI

The PN26G01A supports Quad SPI operation when using the x4 and Quad 10 instructions. These instructions
allow data to be transferred to or from the device four times the rate of ordinary Serial Flash. T When using
Quad SPI instructions the DI and DO pins become bidirectional DQO and DQ1 and the WP # and HOLD# pins
become DQ2 and DQ3 respectively. Quad SPI instructions require the Quad Enable bit (QE) to be set.
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7.2 Pin Description

CS#

The SPI Chip Select (CS#) pin enables and disables device operation. When CS# is high, the device is
deselected and the Serial Data Output (DO, or DQO, DQ1, DQ2, DQ3) pins are at high impedance. When
deselected, the devices power consumption will be at standby levels unless an internal erase, program or
write status register cycle is in progress. When CS#is brought low, the device will be selected, power
consumption will increase to active levels and instructions can be written to and data read from the device.
After power-up, CS# must transition from high to low before a new instruction will be accepted.

CLK

This input signal provides the synchronization reference for the SPI interface. Instructions, addresses, or
data input are latched on the rising edge of the CLK signal. Data output changes after the falling edge of CLK.

Serial Input (DI) / DQO

This input signal is used to transfer data serially into the device. It receives instructions, addresses, and data
to be programmed. Values are latched on the rising edge of serial CLK clock signal.

DI becomes DQO - an input and output during Dual and Quad commands for receiving instructions,
addresses, and data to be programmed (values latched on rising edge of serial CLK clock signal) as well as
shifting out data (on the falling edge of CLK).

Serial Output (DO) / DQ1

This output signal is used to transfer data serially out of the device. Data is shifted out on the falling edge of
the serial CLK clock signal.

DO becomes DQl -an input and output during Dual and Quad commands for receiving
addresses, and data to be programmed (values latched on rising edge of serial CLK clock signal) as well as
shifting out data (on the falling edge of CLK).

Write Protect (WP#) / DQ2

When WP# is driven Low (VIL), during a SET FEATURES command and while the BRWD bit of the Status
Register is set to a 1, it is not possible to write to the Status Registers. This prevents any alteration of the
Block Protect (BP2, BP1,BP0), INV and CMP bits of the Status Register. As a consequence, all the data bytes
in the memory area that are protected by the Block Protect(BP2, BP1,BP0), INV and CMP bits, are also
hardware protected against data modification if WP# is Low during a SET FEATURES command. The WP#
function is not available when the Quad mode is enabled (QE=1).

The WP# function is replaced by DQ2 for input and output during Quad mode for receiving addresses, and
data to be programmed (values are latched on rising edge of the CLK signal) as well as shifting out data (on
the falling edge of CLK).
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Hold (HOLD#) / DQ3

For Standard SPI and Dual SPI operations, the HOLD# signal allows the PN26G01A operation to be paused
while it is actively selected (when CS# is low). The HOLD# function may be useful in cases where the SPI data
and clock signals are shared with other devices. For example, consider if the page buffer was only partially
written when a priority interrupt requires use of the SPI bus. In this case the HOLD# function can save the
state of the instruction and the data in the buffer so programming can resume where it left off once the bus
is available again.

To initiate a HOLD# condition, the device must be selected with CS# low. A HOLD# condition will activate
on the falling edge of the HOLD# signal if the CLK signal is already low. If the CLK is not already low the
HOLD# condition will activate after the next falling edge of CLK. The HOLD# condition will terminate on the
rising edge of the HOLD# signal if the CLK signal is already low. If the CLK is not already low the HOLD#
condition will terminate after the next falling edge of CLK. During a HOLD# condition, the Serial Output (DO)
is high impedance, and Serial Input (DI) and Serial Clock (CLK) are ignored. The Chip Select (CS#) signal
should be kept active (low) for the full duration of the HOLD# operation to avoid resetting the internal logic
state of the device.

The HOLD# function is not available when the Quad mode is enabled (QE =1). The Hold function is
replaced by DQ3 for input and output during Quad mode for receiving addresses, and data to be
programmed (values are latched on rising edge of the CLK signal) as well as shifting out data (on the falling
edge of CLK).

[ - -
Active ! Hold ! Kctive ' Hold Active

L
Y
A

Figure 6 Hold Condition Waveform
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7.3 Command Set Tables
Tablel Standard SPI Command Set
INSTRUCTION NAME BYTE1 | BYTE2 BYTE3 |BYTE4 | BYTE5 |BYTEN
WRITE ENABLE 06h
WRITE DISABLE 04h
GET FEATURES OFh A7-A0 (D7-D0)
SET FEATURES 1Fh A7-A0 D7-DO
PAGE READ 13h A23-A16  Al15-A7 A7-A0
READ FROM CACHE 03h/0Bh |A15-A8®  |a7.A0 dummy  |(D7-D0)  |wrap
Cache Read 31h
Read ID 9Fh A7-AO MID)®  (DID)® wrap
READ UID 4Bh dummy dummy dummy dummy (D7-D0)
PROGRAM LOAD 02h A15-A8®  |a7-A0 D7-D0  |Nextbyte |Byte N
PROGRAM LOAD RANDOM ©
DATA® 84h A15-A8 A7-A0 D7-DO Next byte |Byte N
Cache Program 15h
BLOCK ERASE D8h A23-A16 |Al15-A7 A7-A0
Reset FFh
INDIVIDUAL BLOCK LOCK 36h A23-A16 |A15-A8 A7-A0
INDIVIDUAL BLOCK UNLOCK 39h A23-A16 |A15-A8 A7-A0
Read Block Lock 3Dh A23-A16  |A15-A8 A7-A0 (D7-D0)
GLOBAL BLOCK LOCK 7Eh
GLOBAL BLOCK UNLOCK 98h
Table2 Dual SPI Command Set
INSTRUCTION NAME BYTE1 | BYTE2 | BYTE3 |BYTE4 @ BYTE5 |BYTEN
READ FROM CACHE x 2 3Bh A15-A8°  |a7.A0 dummy  (D7-DO)X2 |wrap
D7-
READ FROM CACHE DUAL 10 BBh A15-A0%  dummy® (DO)x2 wrap
Table3 Quad SPICommand Set
INSTRUCTION NAME BYTE1 | BYTE2 | BYTE3 | BYTE4 | BYTE5 |BYTEN
READ FROM CACHE x4 6Bh A15-A8§3 A7-AO dummv  (D7-DOX4 |wrap
READ FROM CACHE QUAD IO EBh A15-A0 (D7-D0)x4 wrap
PROGRAM LOAD x4 32h A15-A8®  |a7.p0 D7-DOx4 Nextbyte ByteN
PROGRAM LOAD RANDOM DATA ©
x4© C4h/34h |A15-A8 A7-A0 D7-DO x4 |Nextbyte |Byte N
PROGRAM LOAD RANDOM DATA -
Quad 10® 72h Al15-A0 D7-D0O x4 |Next byte Byte N

Notes:

1. Data bytes are shifted with Most Significant Bit first. Byte fields with data in parenthesis “( )" indicate data

output from the device on either 1, 2 or 4 DQ pins.
2. The x8 clock = wrap<3:0>, A11-A8
3. The x8 clock = wrap<3:0>, A11-A0

Rev A1.7
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The x8 clock = dummy<7:0>,D7-D0

The x8 clock = wrap<3:0>,A11-A0,dummy<7:0>,D7-D0

The x8 clock = dummy<3:0>,A11-A8

The x8 clock = dummy<3:0>,A11-A0,D7-D0,D7-D0

MID is Manufacture ID(Alh for XTX ), DID is Device ID(E1h for current device)

© © N o g &

Only available in Internal Data Move operation

10. 10. A<23:22>=00, A<21:12> is RA<15:6>, A<11:0> is dummy bits

7.4 WRITE OPERATIONS

7.4.1 Write Enable (WREN) (06H)
The WRITE ENABLE (WREN) command sets the WEL bit in the status register to 1. The WEL bit must be set

prior to following operations that changes the contents of the memory array:

= Page Program
« OTP Program
« OTPLock

« BLOCKERASE
Figured. Write Enable Sequence Diagram

Filnstruction (06h) ———
DI X \ / \ / X

High Impedance

DO

7.4.2 WRITE DISABLE (WRDI) (04h)

The WRITE DISABLE (WRDI) command resets the WEL bit in the status register to 0. The WEL bit is

automatically reset after Power-up and upon completion of the following operations:

<« Page Program
« OTP Program
« OTPLock

= BLOCKERASE
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Figure5. Write Disable Sequence Diagram

g4 TTTTTEETTT a5 LTttt
CLK Mode 0+ : | ‘ ‘ ‘ ‘ Mode 0«
+
<+——|nstruction (04h);———

o X\ / N\ / X

High Impedance

DO
7.5 FEATURE OPERATIONS

7.5.1 Get Features (OFH) and Set Features (1FH)

The GET FEATURES (OFh) and SET FEATURES (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. Features such as OTP and block locking can be enabled or disabled by setting specific
bits in feature address AOh and BOh (shown the following table). The status register is mostly read, except
WEL, which is writable bit with the WREN (06h) command.

When a feature is set, it remains active until he deice is power cycled or the feature is written to. Unless
otherwise specified in the following table, once the device is set, it remains set, even if a RESET (FFh)
command is issued.

Table2. Features Settings

) Data Bits
Register [Address
7 6 5 4 3 2 1 0
Feature 90h  Reserved Reserved Reserved ECC _EN Reserved Reserved Reserved Reserved
Block Lock| AOh BRWD Reserved BP2 BP1 BPO INV CMP  Reserved|

Feature BOh OTP_PRT OTP_EN WPS Reserved Reserved Reserved Reserved  QE
Status COh Reserved Reserved ECCS1 ECCSO P_FAIL E FAIL WEL OIP

Note:
1. 1f BRWD is enabled and WP# is low, then the block lock register (BP2-BPO, INV and CMP) cannot be
changed.
2. If QE is enabled, the quad IO operations can be executed.
3. All the reserved bits must be held low when the feature is set.

4. The features in the feature byte BOH are all volatile except OTP_PRT bit.
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Figure9. Get Features Sequence Diagram

(7 X8 8 3 2 0 Ko OO0 O XX

-+—Data Out——»
DO HIGH IMPEDANCE _ _ Y S A E 2 7)o
Figurel0. Set Features Sequence Diagram
cS# N\ /

Mode3 0 1 2 3 4 5 6 7 8 9 1011 1213 14151617 18 19 20 21 22 23
CLK

DI

HIGH IMPEDANCE

Do
7.6 READ OPERATIONS

7.6.1 Page Read
The PAGE READ (13h) command transfers the data from the NAND Flash array to the cache register. The command

sequence is follows:

1. 13h (PAGE READ TO CACHE)
2. OFh (GET FEATURES command to read the status)
3. 0Bhor03h (READ FROM CACHE)
4. READ FROM CACHE Operation
a) 3Bh (READ FROM CACHE x2)
b) 6Bh (READ FROM CACHE x4)

c) BBh (READ FROM CACHE DUAL 10)

d) EBh (READ FROM CACHE QUAD I0)
The PAGE READ command requires a 24-bit address consisting of 8 dummy bits followed by an 16-bit block/page
address. After the block/page addresses are registered, the device starts the transfer from the main array to the
cache register, and is busy for tRD time. During this time, the GET FEATURE (OFh) command can be issued to
monitor the status of the operation (refer to the Status Register section). Following a status of successful
completion, the READ FROM CACHE (03h/0Bh/3Bh/6Bh/BBh/EBh) command must be issued in order to read the
data out of the cache.

The READ FROM CACHE command requires 4 wrap mode configure bits, followed by 12-bit column address for the
starting byte address. The starting byte address must be in 0 to 2175. After the end of the cache register is reached,
the data wraps around the beginning boundary automatically until CS# is pulled high to terminate this operation..
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Table3. Wrap configure bit table

Wrap Length (byte)
00xx 2176
01xx 2048
10xx 64
11xx 16

7.6.2 Page Read to Cache (13H)

The Page Read (to buffer) and Next Page Read and Last Page Read command can be used to increase READ
operation speed when accessing sequential pages.

A normal PAGE READ (13H+24-bit address) command sequence is issued (see Figure 8 for details). The device is
busy for tRD time during the time it takes to transfer the first page of data from the memory to the data register.
Following a status of successful completion, the Page Read (to buffer) or Next Page Read (31H) command is latched
into the command register. The device is busy for tDCBSYR1 while data is being transferred from the data register to
the cache register. When the data register contents are transferred to the cache register, another Page Read is
automatically started as part of the Page Read (to buffer) or Next Page Read (31H) command. Data is transferred
from the memory array to the data register at the same time data is being output (RANDOM DATA READ
03H/0BH/3BH/6BH/BBH/EBH) from the cache register. If the total time to output data exceeds tRD, then the PAGE
READ is hidden. The second and subsequent pages of data are transferred to the cache register by issuing additional
Page Read (to buffer) or Next Page Read(31H) command. The device is busy for tDCBSYR1. This time can vary,
depending on whether the previous memory-to-data-register transfer was completed before issuing the next Page
Read (to buffer) or Next Page Read (31H) command. If the data transfer from memory to the data register is not
completed before the Page Read (to buffer) or Next Page Read (31H) command is issued, the device is busy until the
transfer is complete. It is not necessary to output a whole page of data before issuing another Page Read (to buffer)
or Next Page Read (31H) command. The device is busy until the previous PAGE READ is complete and the data has
been transferred to the cache register.

To read out the last page of data, the Last Page Read (3FH) command is issued. This command transfers
data from the data register to the cache register without another PAGE READ (see Figure 9 for details). The ECC

Enable bit (ECC_EN) of feature (90 [4]) must be set to enable for the page read to buffer command.
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Figurell. Page Read to cache Sequence Diagram
CS# N
Mode3 0 1 2 3 4 5 6 7 8 9 10 26 27 28
CLK Mode0 ! | ] L
) I
}-4— Command H..Jm&dﬂess :
i
DI XXX 3h £ £7) Gl e EXaXar—
|
: i
HIGH IMPEDAMCE :
DO : l
1Cs
CS#
28 29 30 1 01 2 3 4 5 6 7 8 910 111213 1415
CLK 22 -
| N | Get Features Command 1-byte address (COh)
i v |
i
Di{aj2 N1 Rof X X X OFh (7 (e X5 (a)(3)(2 ) (o}
i |
I i
I i
DO : HIGH IMPEDAMNCE :
i |
[1]
CS# /
13 14 15 16 17 18 19 20 21 22 23
ok T QT
I
] .
Dit2athof X X X XX XX XX A X XXX XXX
[ Status reqister data out Status reqister data out
= " X 2
DO . 7hEAS a4 atzh1 00 TAEAS A 321 0 fF——
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7.6.3 Read From Cache (03H or OBH)
Figurel2. Read From Cache Sequence Diagram
CS#, ™,
Mode3 0 1 2 3 4 5 6 7 8 89 10« 21 22 23+
clk  ModeD: i | | L

wrap=d: 0= <1704 |

|-—4-‘—-

|"l— CcmmandFHJ—I'J
+

o +

o XXX 03h or 0Bh (3 2 o jioy---—--- (2O oy----
HIGH IMPEDAMCE

oal.

CS#

24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46+

Doy

Dummy+

i
-_—————————————————=
i

TR0 1 6 60 €2 0

HIGH IMPEDANCE +

AKX XK XX XK XX XK
Data Cut 1 Data Out 2+
- + + +

7.6.4 Read From Cache x2 (3BH)
Figurel3. Read From Cache x2 Sequence Diagram

Mode3 0 1 2 3 4 5 6 7 8 9 10« 21 22 23«
CLK  Model- ", M
WIaDEI: U:=- =:‘I‘I:[]:=-<
|-<— Command-+ |-¢ >|-< ..I
a +
oupco. XX 3Bh” B0/ () (D) (B
Dooai HIGH IMPEDAMNCE .,
CS# a

24 2526 27 28 29 30 31 32 33 34 35 36 _37 38 39 40 41 42 43 44 45 46+

CLK.

: Dummy:- Data Out 1| Data Out 2 | Data Out 3+
i

pimao {7 e s Na) sz 1 o s a2z o e aaoka a2 o 32 )1
i
i
i
' HIGH IMPEDAMNCE., + +

':'D“:'mi A EY ER S EE SRR EYEEY R
i
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7.6.5 Read From Cache x4 (6BH)
The Quad Enable bit (QE) of feature (BO [0]) must be set to enable for the read from cache x4 command. The ECC
Enable bit (ECC_EN) of feature (90 [4]) must be set to enable for the page read to buffer command
Figurel2. Read From Cache x4 Sequence Diagram

CS# \
Mode3 0 1 2 3 4 5 6 7 B 9 10 21 22 23
cLk  Mode0 ! | | | | | |||||| RERNY
=3:0= A=11:
I"'_ Command—r—|—cmap :!: <110~ =!
Dbas XX X 6Bh L3 A2 A1 X o)1 10----- {2 X jo ==
GG HIGH IMPEDANCE
S HIGH IMPEDANCE
HIGH IMPEDANCE
HOLD#DQ3
CS#

24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 4243 44 45 46
CLK

| Busmimy »| Byte1|Byte2 | Byte3

|
T REROO006000000000

Byted| Byte5

HIGH IMPEDAMCE

|
|
poDQT 4 =SB 1 ER 3 ED
|
|
| HIGH IMPEDANCE
WP#DQ2 - 6 2 6r2[6)2
|
|
HIGH IMPEDANGE
HOLD#DQ3 - 2R EBE
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7.6.6 Read From Cache Dual 10 (BBH)
The Read from Cache Dual I/O command (BBH) is similar to the Read form Cache x2 command (3BH) but with the
capability to input the 4 Wrap bits, followed by a 12-bit column address for the starting byte address and a dummy
byte by SIO0 and SIO1, each bit being latched in during the rising edge of SCLK, then the cache contents are shifted
out 2-bit per clock cycle from SIO0 and SIO1. The first byte addressed can be at any location. The address is

automatically incremented to the next higher address after each byte of data is shifted out until the boundary by the
Wrap<3:0>.
Figure13. Read From Cache Dual 10 Sequence Diagram

CS#

Mode3 o1 2 3 4 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23

CLK ModeO !

|--|— Command ————m
DIDG0 BBh ¥eXaa2WoYs a2 oleNazXofeXa2Xo
DO/DQ1 FASABN1 LI FTASKIXNITAFASEKIANTILETASAIN
wrap3-0, AT-0 dummy Byte 1
Al11-8
CSH

24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43

7.6.7 Read From Cache Quad 10 (EBH)

The Read from Cache Quad 10 command is similar to the Read from Cache x4 command but with the capability to
input the 4 wrap bits, followed a 12-bit column address for the starting byte address and a dummy byte by SIOO0,
SI01, SI03, SI04, each bit being latched in during the rising edge of SCLK, then the cache contents are shifted out
4-bit per clock cycle from SIO0, SIO1, SIO2, SIO3. The first byte addressed can be at any location. The address is
automatically incremented to the next higher address after each byte of data is shifted out until the boundary by
the Wrap<3:0>. The Quad Enable bit (QE) of feature (BO [0]) must be set to enable for the read from cache quad 10
command. The ECC Enable bit (ECC_EN) of feature (90 [4]) must be set to enable for the page read to buffer
command.

Figurel4. Read From Cache Quad 10 Sequence Diagram

CS#
Mode3 0 1 2 3 4 5 6 7 8 9101112 13 141516 1718 19 20 21 22
CLK Mode0 |
|<— Command ———»
DVDQO A X X EBh
DO/DON 541
WPHDQ2 6 )2
HOLD#DQ3 7h3
wrap3-0,A11-8| A7-0 |dummy
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7.6.8 Read ID (9FH)

The READ ID command is used to read the 2 bytes of identifier code programmed into the NAND Flash device. The
READ ID command reads a 2-byte table (see below) that includes the Manufacturer ID and the device configuration.

Figurel15. Read ID Sequence Diagram

CS# _\

Mode 3 o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 1§

CLK Mode O _
|= Command ! Dummy byte :

oy _ XX ammoooo

{Ig)(gﬁ High Impedance

CS#H /

1% 186 17 18 19 20 29 22 23 24 25 26 27 28 29 30 31 Mode 3

& X XX ><§>< XXX

Manufacture ID Device ID

oay O@GOQQOGOGGQQOGG

Table4. READ ID Table

Address Value Description
Byte 0 AlH Manufacture ID (Paragon)
Byte 1 E1H Device ID (SPI NAND 1Gbit)
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7.6.9 READ UID (4Bh)

The READ UID instruction accesses a factory-set read-only 64-bit number that is unique to each PN26G01A device.

The ID number can be used in conjunction with user software methods to help prevent copying or cloning of a
system.

Figure 16 READ UID (4Bh) Timing

.i'CS—\

Mode 3 0 1 2 3 4 5 3] T -] B 10 11 12 13 14 15 16 17 18 19 20 21 22 23
|_ Command | Durmnmy Byte 1 —D-I-li Durnmy Byte 2 —-I
DI ' "
el X X 4Bn (o XaXoXoxoXoxXoXoXoX0X0X0X0X0X0X0)
Do High Impedance

(104)

ICs ! !
23 24 25 W/ 27 I/E 29 0 I 32 I3 34 35 36 37T I8 39 40 41 42
I
L'— Dummy Byte 3 —l-|-'— Dummy Byte 4 ——!

L 00,0000 0000000000 De.eee!

100
1
102

Mode 3
ORI L o

I

|

N |

High Impedance n

D0
(1) i 0.0
la— Bé-bit Unique Serial Number _..‘
Rev Al1.7
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7.7 PROGRAM OPERATIONS

7.7.1 Page Program
The PAGE PROGRAM operation sequence programs 1 byte to 2176 bytes of data within a page. The page
program sequence is as follows:

« (02H (PROGRAM LOAD)/32H (PROGRAM LOAD x4)
= 06H (WRITE ENABLE)

= 10H (PROGRAM EXECUTE)

< OFH (GET FEATURE command to read the status)

The 1st step is to issue a PROGRAM LOAD (02H/32H) command. PROGRAM LOAD consists of an 8-bit Op code,
followed by 4 dummy bits and a 12-bit column address, then the data bytes to be programmed. The data bytes
are loaded into a cache register which is 2176 bytes long. If more than 2176 bytes are loaded, then those
additional bytes are ignored by the cache register. The command sequence ends when CS# goes from LOW to
HIGH. Figure 19 shows the PROGRAM LOAD operation.

The 2nd step, prior to performing the PROGRAM EXECUTE operation, is to issue a WRITE ENABLE (06H) command.
As with any command that changes the memory contents, the WRITE ENABLE must be executed in order to set
the WEL bit. If this command is not issued, then the rest of the program sequence is ignored.

The 3rd step is to issue a PROGRAM EXECUTE (10h) command to initiate the transfer of data from the cache
register to the main array. PROGRAM EXECUTE consists of an 8-bit Op code, followed by a 24-bit address (8
dummy bits and an 16-bit page/block address). After the page/block address is registered, the memory device
starts the transfer from the cache register to the main array, and is busy for tPROG time. This operation is shown
in Figure 21.

During this busy time, the status register can be polled to monitor the status of the operation (refer to the Status
Register section). When the operation completes successfully, the next series of data can be loaded with the
PROGRAM LOAD command.

NOTE : The number of consecutive partial page programming operations (NOP) within the same page
must not exceed 4. In addition, pages must be sequentially programmed within a block.

Rev A1.7 Page 21



@ m—— -
)‘) LESH) SPI NAND PN26GO1A
7.7.2 Program Load (PL) (02H)

Figurel7. Program Load Sequence Diagram

8 98 10 11 12 13 21 22 23 24 25 26 27 28 29 30 M
!‘ Command _ | 4dummy bits | 12_pit column address _!‘ Data Byte 1 _!
- >l - >~ »
o XX 02h (XXX e XX (21X XXX e )X X2 X 2 X1 X o)
*=MSB * *
CS# — —/
,g_‘ ,Er:) Mode 3

39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 B4 55
CLK

Data Byte 2 Data Byte 3 -l |l Data Byte 2176

90006000000 006000L000006000%:
*

7.7.3 Program Load x4 (PL x4) (32H)

The Program Load x4 command (32H) is similar to the Program Load command (02H) but with the capability to
input the data bytes by four pins: SIO0, SIO1, SIO2, and SIO3. The command sequence is shown below. The Quad
Enable bit (QE) of feature (BO [0]) must be set to enable for the program load x4 command.

Figurel7. Program Load x4 Sequence Diagram

CSH Y i /—
Mode3d O 1 2 3 4 5 6 7 8 9 10 1112 13 21 22 23 24 25 26 27
CLK Made 0 [ l I I i | Ill H_H_H_[L(_JUE
| Command | 4 dummy bits| 42_pit column address | Byte | Byte Byte
' ! ! 1 2 2176
(D[C)l!lO] X X 32h ()0 X0 )Xo X11X10) @@(@O@ o XX o *@@—
Do
(DQ1) BA @@4_@)@_

{gg;] LG @@" _—
ik 20001 00
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7.7.4 Program Execute (PE) (10H)
After the data is loaded, a PROGRAM EXECUTE (10H) command must be issued to initiate the transfer of data from
the cache register to the main array. PROGRAM EXECUTE consists of an 8-bit Op code, followed by a 24-bit address
(8 dummy bits and a 16-bit page/block address). After the page/block address is registered, the memory device

starts the transfer from the cache register to the main array, and is busy for tPROG time. This operation is shown in

Figurel7. During this busy time, the status register can be polled to monitor the status of the operation (refer to

Status Register). When the operation completes successfully, the next series of data can be loaded with the
PROGRAM LOAD command.

Figurel8. Program Execute Sequence Diagram

o

Do

Cos

CLE

(B ]|

Do

cLK

CE#—\

Mode 3

S T

Get Features Command

ol

- Command | 24Bit Address |
- -l >
v
DI D 10h (2 XX XX
oo High Impedance
cs I
CSE
28 29 30 31 o1 2 3 4 5 & 7 8 9 10 111213 14 15

A-byte address (C0h)

|«
I

(2l ko) X X X Orh (7 e s e =00y
HIGH IMPEDANCE
—
12 14 15 186 17 18 19 20 21 22 23 ga g
e
(2RI oK X X X XX XX KX AX XXX XXX
Status register data out __ EZ " Status register data out
7 5] ] 4 3 2 1 (] ¥ 5] ] 4 <] 2 1 o] J&_
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7.7.5 Internal Data Move
The Internal Data Move command sequence programs or replaces data in a page with existing data. The Internal

Data Move command sequence is as follows:
® 13H (PAGE READ TO CACHE)
84H/CAH/ 34H/72H(PROGRAM LOAD RANDOM DATA : Optional)
06H (WRITE ENABLE)
10H (PROGRAM EXECUTE)
OFH (GET FEATURE command to read the status)
Prior to performing an internal data move operation, the target page content must be read out into the cache
register by issuing a PAGE READ (13H) command. The PROGRAM LOAD RANDOM DATA (84H/CAH/34H/72H)
command can be issued, if user wants to update bytes of data in the page.

This command consists of an 8-bit Op code, followed by 4 dummy bits and a 12-bit column address. New data is
loaded in the 12-bit column address. If the RANDOM DATA is not sequential, another PROGRAM LOAD RANDOM DATA
(84H/C4H/34H/72H) command must be issued with the new column address. After the data is loaded, the WRITE
ENABLE command must be issued, then a PROGRAM EXECUTE (10H) command can be issued to start the
programming operation.

7.7.6 Program Load Random Data (84H)
This command consists of an 8-bit Op code, followed by 4 dummy bits, and a 12-bit column address. New data is
loaded in the column address provided with the 12 bits. If the random data is not sequential, then another
PROGRAM LOAD RANDOM DATA (84h) command must be issued with a new column address. After the data is
loaded, a PROGRAM EXECUTE (10h) command can be issued to start the programming operation.

Figure20. Program Load Random Data Sequence Diagram

CS# —\

Medes O 1 2 3 4 5 & 7 8 9 10 171 12 13 21 22 23 24 25 26 27 28 20 30 31

CLK Mode 0 |

| Command | 4dummy bits | 42 pit column address _ | Data Byte 1 |
| -

d il Ll

o _ X X B4n (XXX e XanXiop—H (2 X o X7 X e X5 X X3 X2 X1 o)
CS# i

39 40 41 42 43 44 45 46 4T 45 45 50 51 52 53 H4 55

17424
17431

CLK

I‘ Data Byte 2 ol Data Byte 3

I
B

r~ I
ol

Data Byte 2176 - ‘
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7.7.7 Program Random Data x4

(C4H/34H)

The Program Load Random Data x4 command (C4H) is similar to the Program Load Random Data command (84H)
but with the capability to input the data bytes by four pins: SIO0, SIO1, SIO2, and SIO3. The command sequence is
shown below. The Quad Enable bit (QE) of feature (BO [0]) must be set to enable for the program load random data

x4 command.

Figure21. Program Load Random Data x4 Sequence Diagram

CS# \ i /—
Mode3 0 1 2 3 4 5 6 7 & 9 10 11 12 13 21 22 23 24 25 26 27
CLK _ Mode0 _ |
| Command _ | 4 dummy bits  12.pit column address | Byte | Byte Byte
o - o 11 2 2176
020 X_X Can/ 34h 0.0.0000E000 00 00 k00
DO
(DQ1) sAL @@" _@XD"”
WP#
(DQ2) N2 @@" _@)@—
HOLD#
(DQ3) AR @@" _®@_

7.7.8 Program Random Quad 10 (72H)

The Program Load Random Data Quad IO command (72H) is similar to the Program Load Random Data x4 command
(C4H) but with the capability to input the 4 dummy bits, and a 12-bit column address by four pins: SIOQ, SIO1, SIO2,
and SIO3. The command sequence is shown below. The Quad Enable bit (QE) of feature (BO [0]) must be set to enable

for the program load random data x4 command.
Figure22. Program Load Random Data Quad 10 Sequence Diagram

cs# T\
]
Modeza ©0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
CLK  Moden I I | | bl | | | |
umm its
| Samimand 12-bit column | Bytet Byte3 | Byte4
DI agaress
(DQO) X 3 2n 000000
DO
(DQ1) ) 960
WP#
(DQ2) 0 X10X8 X2 X 8)X2)
HOLD#
(DQ3) 2 096

Byte
2176

SEECE
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7.8 ERASE OPERATIONS

7.8.1 Block Erase (D8H)

The BLOCK ERASE (D8h) command is used to erase at the block level. The blocks are organized as 64 pages per
block,2176 bytes per page (2048+128 bytes).Each block is 136 Kbytes. The BLOCK ERASE command (D8h) operates
on one block at a time. The command sequence for the BLOCK ERASE operation is as follows:

® (06h (WRITE ENBALE command)

® D8h (BLOCK ERASE command)

® OFh (GET FEATURES command to read the status register)

Prior to performing the BLOCK ERASE operation, a WRITE ENABLE (06h) command must be issued. As with any
command that changes the memory contents, the WRITE ENABLE command must be executed in order to set the WEL
bit. If the WRITE ENABLE command is not issued, then the rest of the erase sequence is ignored. A WRITE ENABLE
command must be followed by a BLOCK ERASE (D8h) command. This command requires a 24-bit
address consisting of 6 dummy bits followed by an 16-bit row address. After the row address is registered, the
control logic automatically controls timing and erase-verify operations. The device is busy for tERS time during the
BLOCK ERASE operation. The GET FEATURES (OFh) command can be wused to monitor the status of
the operation (refer to the Status Register section).

Note: When a BLOCK ERASE operation is in progress, user can issue READ FROM CACHE commands
(03H/0BH/3BH/6BH/BBH/EBH) to read the data in the cache.

Figure23. Block Erase Sequence Diagram

Co# N, " I

_ Moded o 1 2 3 4 5 6 7 8 9 23 30 37 Meded

| Command e 24-Bit Address |
I T 1
o XX Dsh XK XX

High Impedance

D
iCs Il
Co# 3 W,
CLK 28 29 30 31 o1 2 3 4 5 6 7 8 910 111213 1415
| Get Features Command | THhye address (COR)
Dl I 1
£ E3 £B L) 500D oFh (700
[B]]
HIGH IMPEDANCE L
1]
CSH !

12 14 15 16 17 18 19 20 21 22 23

TS pinipipipipRp RN RRERY pERRRE R R RO
' &
Di{zfafof X X X X X X X KX A X X XX A A
Status register data ouwt Status register data out
oD — 7 5] 5 £ 3 2 1 %) 22 T 5} 5 4 3 2 1 o] 22
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7.9 RESET Operation

The RESET (FFh) command stops all operations. For example, in case of a program or erase or read operation, the

reset command can make the device enter the

7.9.1 RESET (FFh)

wait state.

| Reset Command
I

Get Feature Command

1-byte address (COh)

Skaus register data out

1 T
5] XX FFh KoK XN OFh by
HIGH IMPEDANCE
oo
Co#
8 7 8 9 1011 12 13 14 15 18 17 18 18 20 21 22 23 24 25 28 27 28 29 30
CLE

Skius register data out

Dl ﬂﬂﬂ o)

XX X X

X X X

HIGH IMPEDANCE

Figure 26

7.10 Write Protection

The WPS feature (BO[5]) is used to select block

RESET (FFh) Timing

protection method.

If WPS=0, the write protection will be determined by the combination of CMP, INV, BP[2:0] bits in the Block Lock

Register (A0).
Table 6 Block Lock Register Block Protect Bits (WPS=0)

CMP | INV | BP2 | BP1 BP0 | Protected Row Address Protected Rows
X X 0 0 0 None None

0 0 0 0 1 OFCO00h~0FFFFh Upper 1/64

0 0 0 1 0 0F800h~0FFFFh Upper 1/32

0 0 0 1 1 OF000h~0FFFFh Upper 1/16

0 0 1 0 0 OEO00h~OFFFFh Upper 1/8

0 0 1 0 1 0C000h~0FFFFh Upper 1/4

0 0 1 1 0 08000h~0FFFFh Upper 1/2

X X 1 1 1 All (default) All (default)

0 1 0 0 1 00000h ~ 003FFh Lower 1/64

0 1 0 1 0 00000h ~ 007FFh Lower 1/32
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0 1 0 1 1 00000h ~ 00FFFh Lower 1/16
CMP |INV |BP2 |BP1 | BPO | Protected Row Address Protected Rows
0 1 1 0 0 00000h ~ 01FFFh Lower 1/8
0 1 1 0 1 00000h ~ 03FFFh Lower 1/4
0 1 1 1 0 00000h ~ 07FFFh Lower 1/2
1 0 0 0 1 00000h~0FBFFh Lower 63/64
1 0 0 1 0 00000h~0FF7Fh Lower 31/32
1 0 0 1 1 00000h~0EFFFh Lower 15/16
1 0 1 0 0 00000h~0DFFFh Lower 7/8
1 0 1 0 1 00000h~0BFFFh Lower 3/4
1 0 1 1 0 00000h~0003Fh BlockO
1 1 0 0 1 00400h~0FFFFh Upper 63/64
1 1 0 1 0 00800h~0FFFFh Upper 31/32
1 1 0 1 1 00FCOh~0FFFFh Upper 15/16
1 1 1 0 0 02000h~0FFFFh Upper 7/8
1 1 1 0 1 04000h~0FFFFh Upper 3/4
1 1 1 1 0 00000h~0003Fh BlockO

If WPS=1, the INDIVIDUAL BLOCK LOCK is enabled. The INDIVIDUAL BLOCK LOCK provides an alternative way to

protect the memory array from adverse Erase/Program. The INDIVIDUAL BLOCK LOCK bits are volatile bits. The

default values after power up or after Reset are 1, so the entire memory array is being protected.
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7.10.1 INDIVIDUAL BLOCK LOCK (35h)

The INDIVIDUAL BLOCK LOCK command requires a 24-bit address consisting of 2-bit ‘0’ followed by a 10-bit
block address (RA<5:0> is don’t care) and 12 dummy bits . After the addresses are registered, the device starts
setting the corresponding INDIVIDUAL BLOCK LOCK bit, and is busy for tLCK time. During this time, the GET
FEATURE (OFh) command can be issued to monitor the status of the operation.

Command 24-Bit Address

P . o
o X X 3 00.08

High Impedance

1Cs

CSH

28 29 30 A 01 2 3 4 5 6 7 8 9 10 111213 1415

mnnhEEnhnnnnnnhnnnnnnn
|__ Get Features Command __J__ 1-byte address (COh) _
[

Lol

DI j
(a2 e XX X OFh 23080808010

—

Do
HIGH IMPEDAMCE
CSsH
13 14 15 16 17 18 19 20 21 22 23

ew MU UL Ay

_—] °

R
D2t e X XX XX XX XX AX XXX XXX
Status register data ouw . aa - Status register data ow ol za
DO —————— 7 )efsp4ap3pz)f1 o ThBAS A 4N L2 C
Page 29
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7.10.2 INDIVIDUAL BLOCK UNLOCK (39h)

The INDIVIDUAL BLOCK UNLOCK command requires a 24-bit address consisting of 2bit ‘0’ followed by a 10-bit
block address (RA<5:0> is don’t care) and 12 dummy bits. After the addresses are registered, the device starts
resetting the corresponding INDIVIDUAL BLOCK LOCK bit, and is busy for tLCK time. During this time, the GET

FEATURE (OFh) command can be issued to monitor the status of the operation.

CS#H—\\J | //7

Mode 3 o 1 2 3 4 5 & T & =% 23 3p 31 Moded.
prommmm e r--—-——---
CLK Moded ! | | | | | | | Made 0.,
| Command | 24-Bit Address . ___‘
™ Ll -

i XX 3% CXEX_K

High Impedance+

DO+
fcs I

CS# t j

28 2% 30 31 01 2 3 4 5 6 7 8 910 111213 14 15«
N nSEE i nnnniannpnnnnn

|< Gat Features Command., |__ 1-byte sddress (COh).

Dl " i d

ERED EB £ XX X 0Fh 2050686800
Do H

HIGH IMPEDANCE.

CS#L =

,,J
13 14 15 16 17 18 19 20. 21 22 23«

ex _UUTUULU YUY L e

' !
DIzt fog XX X XX X X KX AX XXX XXX
Status register dats out Status register data out.,
DO — 3 7 fefsXa)ar2h8140 82 ThENE R 43 k2N n..L
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7.10.3 READ BLOCK LOCK (3Dh)
The READ BLOCK LOCK command can be used to read out the lock bit of a specific block. The READ BLOCK LOCK
command requires a 24-bit address consisting of 2-bit ‘0’ followed by a 10- bit block address (RA<5:0> is don’t
care) and 12 dummy bits. The Block Lock bit value will be shifted out on the DO pin at the falling edge of CLK
shown in Figure 29. If the least significant bit (LSB) is 1, the corresponding block is locked; if LSB=0, the
corresponding block is unlocked, ERASE/PROGRAM operation can be performed.

Moded3 0 - 2 3 4 5 6 7 8 910 28 2930 31 32 33 34 35 36 37 38 39 Mode3

————————

CLK Model ! | | ) | Model

|-— Instruction {3Dh]—-|-—24-ﬂit Addess —-|

e vie @)z ) X OO R XXX —

i “q_ Lock Value Qut —

Do HIGH IMPEDANCE
(DQy) — OO K x K x 9 ) :

«“ = M5B

Figure 29 Read Block Lock Command (3Dh) Timing

7.10.4 GLOBAL BLOCK LOCK (7Eh)
All Block Lock bits can be set to 1 by the GLOBAL BLOCK LOCK instruction. After CS# being driven high as shown
in Figure 30, the device starts setting all the INDIVIDUAL BLOCK LOCK bits, and is busy for tLCK time. During this
time, the GET FEATURE (OFh) command can be issued to monitor the status of the operation.

o XX XXX X

HIGH IMPEDANCE

Cs#

6 7 &8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
CLK

| 1-byte address (COh) Status register data oul - Status register data oul a
[

D hshshale )z Nop X X X X PP X X X
= o
HIGH IMFEDANCE
Do 2008888050080 080

Figure 30 GLOBAL BLOCK LOCK (7Eh) Timing
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7.10.5 GLOBAL BLOCK UNLOCK (98h)

All Block Lock bits can be cleared to 1 by the GLOBAL BLOCK LOCK instruction. After CS# being driven high as
shown in Figure 31, the device starts setting all the INDIVIDUAL BLOCK LOCK bits, and is busy for tLCK time.
During this time, the GET FEATURE (OFh) command can be issued to monitor the status of the operation.

oS

| Command
|

____! Get Feature Command '_|
o XN XXX X

HIGH IMFEDANCE

0o

Cs#

& 7 8 9 1011 42 13 1415 16 17 18 19 20 24 22 23 24 25 26 27 28 29 30
CLK

1-byte address (COh) oy Status register data out =N Status register data out

!=

o _ Nrhefehefihado)op XX X X P X X X |

HIGH IMFEDANCE

Do 20080800000800800

Figure 31 GLOBAL BLOCK UNLOCK Command (98h) Timing
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8. Status Register

The device has an 8-bit status register that software can read during the device operation for operation state
query. The status register can be read by issuing the GET FEATURES (OFH) command, followed by the feature
address COh (see Feature Operation).

Table 7 Status Register Bit Description

Bit Bit Name Description

This bit indicates that a program failure has occurred (P_FAIL set to 1). It will
also be set if the user attempts to program an invalid address or a
protected region, including the OTP area. This bit is

cleared during the PROGRAM EXECUTE command sequence or a RESET
command (P_FAIL = 0).

This bit indicates that an erase failure has occurred (E_FAIL set to 1). It will also

be set if the user attempts to erase a locked region. This bit

is cleared (E_FAIL = 0) at the start of the BLOCK ERASE command sequence
or the RESET command.

This bit indicates the current status of the WRITE ENABLE latch (WEL) and
WRITE must be set (WEL = 1), prior to issuing a PROGRAM EXECUTE or BLOCK
WEL ENABLE ERASE command. It is set by issuing the WRITE ENABLE command. WEL can
Latch also be disabled (WEL = 0), by issuing the WRITE DISABLE command.
Operation In This bit indicates that PROGRAM EXECUTE . PAGE READ .

BLOCK ERASE. RESET. GLOBAL BLOCK LOCK/UNLOCK and
INDIVIDUAL BLOCK LOCK/UNLOCK is in progress.

P FAIL Program Fall

E_FAIL Erase Fail

oIP
Progress

ECCS provides ECC Status as follows:

00b = No bit errors were detected during the previous read algorithm.

01b = bit errors were detected and corrected, error bit number = 1~7.

Ece 10b = Internal error was detected and the data not promised correctly.

ECCS1 11b = 8bit errors were detected and corrected, error bit number is going to exceed
Status

ECCSO the tolerance.

Bit errors cannot be detected and corrected if their number exceeds the

tolerance. Therefore, block data should be refreshed when ECC status is equal to

11b.

ECCS is set to 00b either following a RESET, or at the beginning of the READ. It

is then updated after the device completes a valid READ operation.

ECCS is invalid if internal ECC is disabled (via a SET FEATURES command to reset
ECC_EN).
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9. OTP Region

The device offers a protected, One-Time Programmable NAND Flash memory area. Eight full pages (2176 bytes
per page) are available on the device, and the entire range is guaranteed to be good. Customers can use the

OTP area any way they want, like programming serial numbers, or other data, for permanent storage. When
delivered from factory, feature bit OTP_PRT is O.

To access the OTP feature, the user must issue the SET FEATURES command, followed by feature address BOh.
When the OTP is ready for access, pages 00h—07h can be programmed in sequential order. The PROGRAM
LOAD (02H) and PROGRAM EXECUTE (10H) commands can be used to program the pages. Also, the PAGE READ
(13H) command and READ FROM CACHE (03h/0Bh/3Bh/6Bh/BBh/EBh) commands can be used to read the OTP
area. The data bits used in feature address BOh to enable OTP access are shown in the table below.

OTP Access

To access OTP, perform the following command sequence:
® |[ssue the SET FEATURES command (1Fh) to set OTP_EN
® [ssue the PAGE PROGRAM (if OTP_EN=1) or PAGE READ command

It is important to note that after bits 6 and 7 of the OTP register are set by the user, the OTP area becomes
read-only and no further programming is supported. For OTP states, see the following table.

OTP Protect

® [ssue the SET FEATURES command (1FH) to set OTP_EN and OTP_PRT
® (06H (WRITE ENABLE)
® |ssue the PROGRAM EXECUTE (10H) command.

Table8 OTP States

OTP_PRT OTP_EN State
X 0 Normal Operation
0 1 Access OTP region
1. When the device power on state OTP_PRT is 0, user can
set feature bit OTP_PRT and OTP_EN to 1, then issue
1 1 PROGRAM EXECUTE (10H) to lock OTP, and after that
OTP_PRT will permanently remain 1.
2. When the device power on state OTP_PRT is 1, user can
only read the OTP region data.
Rev A1.7 Page 34



oy
)‘-B LESE SPI NAND PN26GO1A

10. Error Management

This NAND Flash device is specified to have the minimum number of valid blocks (NVB) of the total available

blocks per die shown in the table below. This means the devices may have blocks that are invalid when
shipped from the factory. An invalid block is one that contains at least one page that has more bad bits than
can be corrected by the minimum required ECC. Additional bad blocks may develop with use. However, the
total number of available blocks will not fall below NVB during the endurance life of the product.

Although NAND Flash memory devices may contain bad blocks, they can be used reliably in systems that
provide bad-block management and error-correction algorithms. This ensures data integrity.

Internal circuitry isolates each block from other blocks, so the presence of a bad block does not affect the
operation of the rest of the NAND Flash array.

All initial bad blocks were mapped to the end of block address during the shipment, ie, all initial bad blocks
will be seen starting from Block #1023 reversely.

Additional bad block may develop with use, but this kind of bad blocks will not be mapped to the end of
block address .

NAND Flash devices are shipped from the factory erased. The factory identifies invalid blocks before shipping
by attempting to program the bad-block mark into every location in the first page of each invalid block. It may
not be possible to program every location in an invalid block with the bad-block mark. However, the first spare
area location in each bad block is guaranteed to contain the bad-block mark. This method is compliant with
ONFI factory defect mapping requirements. See the following table for the bad-block mark.

System software should initially check the first spare area location for non-FFh data on the first page of each
block prior to performing any program or erase operations on the NAND Flash device. A bad-block table can
then be created, enabling system software to map around these areas. Factory testing is performed under
worst-case conditions. Because invalid blocks may be marginal, it may not be possible to recover the bad-block
marking if the block is erased.

Table9  Error Management Details

Description Requirement
Minimum number of valid blocks (Nvs) 1003
Total available blocks per die 1024
First spare area location Byte 2048
Bad-block mark Non FFh
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11. ECC Protection

The device offers data corruption protection by offering optional internal ECC. READs and PROGRAMs with

internal ECC can be enabled or disabled by setting feature bit ECC_EN. ECC is enabled after device power up,
so the default READ and PROGRAM commands operate with internal ECC in the “active” state.

To enable/disable ECC, perform the following command sequence:

® [ssue the SET FEATURES command (1FH).
® Set the feature bit ECC_EN as you want:
1. Toenable ECC, Set ECC_ENto 1.

2. Todisable ECC, Clear ECC_EN to 0.

During a PROGRAM operation, the device calculates an ECC code on the 2k page in the cache register, before
the page is written to the NAND Flash 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 error bits are detected, the error is
corrected in the cache register. Only corrected data is output on the 1/O bus. The ECC status bit indicates
whether or not the error correction was successful. The ECC Protection table below shows the ECC protection
scheme used throughout a page.

With internal ECC, the user must accommodate the following:

® Spare area definitions provided in the ECC Protection table below.
® ECC can protect according main and spare areas. WRITEs to the ECC area are ignored.
Power on Read without internal ECC:

The device will automatically read first page of first block to cache after power on, then host can directly read
data from cache for easy boot. However, the data is not promised correctly with ECC disabled.

Table 10 ECC Protection and Spare Area

Min Byte Max Byte ECC Number o
Address Address Protected | Of Bytes Area Description
000H 1FFH Yes 512 Main O User data O
200H 3FFH Yes 512 Main 1 User data 1
400H 5FFH Yes 512 Main 2 User data 2
600H 7FFH Yes 512 Main 3 User data 3
800H 803K No 4 800H is reserved for bad block mark
804H 805H Yes 2 Spare 0 User meta data |
806H | 812H | Yes \ 13 ' Spare0 | ECC for main/spare 0
813H 814H Yes 2 Spare 1 User meta data |
815H 821H Yes 13 Spare 1 ECC for main/spare 1
822H 823H Yes 2 Spare 2 User meta data |
824H | 830H | Yes | 13 ' Spare 2 | ECC for main/spare 2
831H 832H Yes 2 Spare 3 User meta data |
833H 83FH Yes 13 Spare 3 ECC for main/spare 3
840H 87FH No 64 Spare 4 User meta data Il
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12. Electrical Characteristics

12.1 Absolute Maximum Ratings

Operating Temperature

-40°C to +85°C

Storage Temperature
Voltage on I/O Pin with Respect to Ground

-65°C to +150°C
-0.5V to 4.0V

VCC

-0.5V to 4.0V

*NOTICE: Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is

a stress rating only and functional operation of the device at these or any other conditions beyond those indicated in the

operational sections of this specification are not implied. Exposure to absolute maximum rating conditions for extended periods
may affect device reliability.

12.2 Pin Capacitance

Applicable over recommended operating range from: Ta= 25°C, f = 1 MHz.

Symbol Test Condition Max Units Conditions
C Input Capacitance 6 pF Vin=0V
c@out Output Capacitance 8 pF Vour=0V

Note: 1. characterized and is not 100% tested.
12.3 Power-up and Power-Down Timing
VCC 4
VCC [IMAE]) o o
Program Erase and Write Instructions are lgnored
D CS# Must Track VCG has
VCC L e i e e I Sl
Read Instructions Device is Fully
Allowed Accessible
Vil ol i e ittt b
truw -
Figure 32 Power-On Timing
Table 11 Power-On Timing and Write Inhibit Threshold
SPEC
PARAMETER SYMBOL MIN MAX UNIT
VCC (min) to CS# Low tysL 1 Ms
Time Delay Before Write Instruction truw 6 ms
Write Inhibit Voltage VWI 2.5 V
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12.4 DC Electrical Characteristics

Table 12 DC Characteristics

Applicable over recommended operating range from: TA = -40°C to 85°C, VCC = 2.7V to 3.6V, (unless otherwise

noted)
SPEC
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
VCC |Supply Voltage 2.7 3.6 \%
Iy Input Leakage Current *2 UA
lLo Output Leakage Current 12 QA
Vce=3.6V, CS# = VCC,
lcca Standby Current VT:NC: VSS or VCC 70 HA
_ CLK=0.1vVCC/0.9vCC
() Operating Current Felk=108MHz 40 mA
vy @ |Input Low Voltage -0.5 0.2Vcc Vv
Vv Input High Voltage 0.7v V +0.4 V
VoL |Output Low Voltage lo. = 1.6 mA 0.4 Vv
Vo Output High Voltage lon =-100 pA Vce-0.2 \
Notes:
1. Viemin and Viymax are reference only and are not tested.
12.5 AC Measurement Conditions
Table 13 AC Measurement Conditions
SYMBOL | PARAMETER SPEC UNIT
MIN MAX
CL Load Capacitance 30 pF
TR, TF Input Rise and Fall Times 5 ns
VIN Input Pulse Voltages 0.2 Vcc 10 0.8 Ve V
IN Input Timing Reference Voltages 0.3 Vcc 10 0.7 Ve V
ouT Output Timing Reference Voltages 0.5Vcce V
Input Levels  nput Timing Reference Level Qutput Timing Referance Leval
0.8Vcc
AC
Measurement --x-- 0.5Vcc
Level
02Vee
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12.6 AC Electrical Characteristics
Table 14 AC Characteristics
Applicable over recommended operating range from: TA =-40°C to 85°C, VCC= 2.7V to 3.6V
SPEC
SYMBOL PARAMETER UNIT
MIN TYP MAX

Fc Serial Clock Freguency for: all command 108 MHz
tem @ Serial Clock High Time 45 ns
toL P Serial Clock Low Time 45 ns
t@ Serial Clock Rise Time (Slew Rate) 0.1 Vins

CLCH

tenel@ Serial Clock Fall Time (Slew Rate) 0.1 V/ins
tsicH CS# Active Setup Time 5 ns
tcHsH CS# Active Hold Time 5 ns
tsHeH CS# Not Active Setup Time 5 ns
teusL CS# Not Active Hold Time 5 ns
tsusi/tcs CS# High Time 20 ns

t (sHQz Output Disable Time 10 ns
tcLox Output Hold Time 0 ns
tbvcH Data In Setup Time 2 ns
tcHDx Data In Hold Time 3 ns
thicH HOLD# Low Setup Time ( relative to CLK) 5 ns
tHHCH HOLD# High Setup Time ( relative to CLK) 5 ns
teHHH HOLD# Low Hold Time ( relative to CLK ) 5 ns
teHHL HOLD# High Hold Time ( relative to CLK) 5 ns
thLoz® HOLD# Low to High-Z Output 15 ns
throx? HOLD# High to Low-Z Output 15 ns
tcLov Output Valid from CLK 8 ns
twHsL WP# Setup Time before CS# Low 20 ns
tshwL WP# Hold Time after CS# High 100 ns
tio_skew First 1O to last IO data valid time 600 ps
Notes:

1. TchitTcuu>=1/Fc;
2. characterized and not 100% tested.
Table 15 Performance Timing
SYMBOL | PARAMETER SPEC UNIT
MIN TYP MAX
tRST CS# High to Next Command After Reset(FFh) 500 uS
{RD Page Read From Array (with ECC) 240 uS
Page Read From Array (without ECC) 120
PROG Page Program (w?th ECC) 1400 us
Page Program (without ECC) 300 700
tERS Block Erase 3 10 ms
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13. SPI Serial Timing

—
cs# /
CLK —\\_/—\_/_\_/" /
- — | Loy w—foLow oL o — {5Hor
o toLow—er—t—| tooon—er= N
oUTPUT ) X_ssour )
. toLo
b
Figure 34 Serial Output Timing
— teHsL
CSH# h b 7
NN " £
toHs — e fcH torgHT-— -1 t5HH
CLK T\ S\ 25—
towcH
foHox foLcH—e—- = —=—toHoL
e}
Vo High Impedance
OUTPUT e ? ) L

Figure 35 Serial Input Timing

CS# \Y

e fCHHL —{ —
CLK / N\ ,\/ \, ’_\_
_'/.,.._D:HHH_..

HLCH

¥

HLGZ

] o HHOX

HHCH

N\

o
QUTPUT

X !

o
INPUT

X XX XX

HOLD#

N/

Figure 36 Hold Timing
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14. ORDERING INFORMATION

PN 26G 01 A XX |

|
c
|
lo

Company Prefix

PN = XTX

Product Family

26G = 2.7~ 3.6V Serial NAND Flash Memory with
2Kb pages, Standard / Dual/ Quad SPI

Product Density
01 =1G bit
02 = 2G bit
04 = 4G bit

Generation
A = 15[

Product Package
WS = 8-pin WSON(8x6mm)
BG = 24 Ball TFBGA(8x6mm)
Product Temperature
I = Industrial (-40C to +85C)
C = Commercial (0°C to +70°C)

Product Carrier
U =Tray
T = Tape and Reel

Green Code

R = RoHS Compliant Package
G = Green/Reach Package
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15.1 8-Pad WSONS (8*6mm)
- D+ —_—
> Al
° |
C
E+ o
C
C
Al
- Al
Top View Side View+
b,*_ﬂ on
~ T
;—::' (- El.
L:J ] l
3 [
Bottom Views
Dimensions
Symbol
A Al A2 b D D1 E El e y L
Unit
Min 0.70 0.35 7.95 3.25 5.95 4.15 0.00 0.40
mm | Nom | 0.75 0.20 0.40 8.00 3.40 6.00 4.30 1.27 0.50
Max 0.80 0.05 0.45 8.05 3.50 6.05 4.40 0.05 0.60
Min 0.028 0.014 0.313 0.128 0.234 0.163 0.00 0.016
Inch Nom 0.030 0.008 0.016 0.315 0.134 0.236 0.169 0.05 0.020
Max 0.032 0.002 0.019 0.317 0.138 0.238 0.173 0.002 0.024
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15.2 24-Ball TFBGA (8*6mm)
s [#Toa0]c]
PIN A1 INDEX A FIN Al INDEX
\ [A]
4 3 2 | \ 1 2 3 4
b O
F—@ olo o | A
—® 0|0 O i B
oo O i ¢
o ] o
C oo o N D
O 0|0 0 N E
L & & T T ] F
ﬂb—/ _l_lzajo.do]c B E
& 0.15M|C|A (B =
0.08®@[C € S[070 (ax)
SEATING PLANE
—BALL LAND —|
I ] MNote:
Ball land: 0.45mm.  Ball Opening: 0.35mm
A FCB ball land suggested <= 0.35mm
BALL OPENING
Symbol . Millimeters . Inches
Min Nom Max Min Nom Max
A 1.20 0.047
Al 0.25 0.30 0.35 0.010 0.012 0.014
b 0.35 0.40 0.45 0.014 0.016 0.018
D 7.95 8.00 8.05 0.313 0.315 0.317
D1 5.00 BSC 0.197 BSC
E 5.95 6.00 6.05 0.234 0.236 0.238
E1 3.00 BSC 0.118 BSC
e 1.00BSC 0.039 BSC
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16.REVISION HISTORY
Version No Description Date
A.1.0 Initial Release 2/10/2015
Al.1l release 4/13/2015
A.l.2 release 5/23/2015
A.1.3 release 9/12/2015
Al4 Add 24-Ball TFBGA(6*8mm) 4/1/2016
A1.5 Update ECC_EN bit from BOh bit4 to 90h bit4; 4/5/2017
tPUW change from 5ms to 6ms on page 38;
add initial bad mapping description on page 36 ;
Update ECCSO ECCS1 status description on page 34;
A1.6 Correct a typo on page2; 4/6/2017
Al.7 Rename company Paragon to XTX & page #11 MID to XTX May/4/2017
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