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1. Features
® 2Gbit SLC Technology SPI NAND Flash

® Standard, Dual and Quad SPI Protocols Supported
Command on 1 pin, address on 1 pin, data output on

Page size: 2048 bytes + 128 bytes = 2176 bytes
Block size: 64 pages = 128K bytes + 8K bytes
Plane size: 1024 blocks = 128M bytes + 8M bytes
Device size: 2 planes = 2G bits + 128M bits

1,2, 4 pins
Command on 1 pin, address on 2 or 4 pins, data
output on 2 or 4 pins

Command on 1 pin, address on 1 pin, data input on

1 or 4 pins

® Internal ECC

User selectable
8 bits per sector

® Device Performance

133MHz maximum clock frequency
Page Read:

€ 25us max with internal ECC Off

€ 70us max with internal ECC On
Page Program:

€ 200us typical with internal ECC Off
€ 220us typical with internal ECC On
Block Erase: 2ms typical

® Single Supply Voltage

Vce: 2.7~3.6V

Advanced Feature for NAND

= Read Unique ID

= Read Parameter Page

= Read Page Cache Mode

Write Protection Features

= Software protection with lock register

= Hardware protection to freeze BP bits

= Lock tight to protect control bits in the
current power cycle

Security Feature

= Blocks 0 through 7 are valid upon delivery
with ECC On

OTP Space

= 10 Pages of One-Time-Programmable NAND
Flash memory space

Temperature Range

= Industrial: -40°C to +85°C

Reliability

= Endurance: 100,000 Program/Erase Cycles

= Data Retention: JESD47H-compliant

= Data Retention (Uncycled): 10 Years at 85C

Industry Standard Packaging

= WSONS 8%6
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2. General Description

The NM5A02G01A is a 2Gbit Serial Peripheral Interface (SPI) NAND Flash memory device which supports
standard SPI interface with Dual/Quad capabilities. This low pin count device has totally six signal pins: SCLK,
CS#, SI (100), SO (I01), WP# (102), HOLD# (I03), which follows industry standard SPI interface and allows the
user to easily migrate to other densities without PCB redesign.

The command set of this device is based on conventional SPI NOR Flash command set with modifications to
accommodate the specific needs of NAND Flash memory architecture. As an alternative to SPI NOR Flash
memories, this device offers storage capacities at lower price per bit.

The main array of the device is organized in planes, blocks and pages. Each page has 2048 bytes of data area and
128 bytes of spare area; the spare area is typically used for memory management and error management. The
device has two registers on data input/output path, which includes a cache register placed near IO control logic,
and a data register placed near the main memory array.

The device has internal ECC logic which is enabled by default after power-up. When a page of data is written to
the memory array, an ECC code is also internally generated and automatically written to the spare area of the
corresponding page. When a page of data is read from the main array to cache register, a new ECC code is
automatically calculated, and the device compares the new ECC code and the one in spare area, corrects errors if
necessary, and outputs corrected data or reports an ECC error status.

The device is read in read and programmed in page operations, and erased in block operations.

Vee— I
CS# o » Address Control —»| Column Decoder |
SCLK > «—» ECCLlogic |
i A - . B
SI/100 < » control —>1_High Voltage | g
i (8}
SO/I01 < | Logic | Status Register | M:?ao;y 2
WP#/102 <« > §
<«—»{1/0 Interface Logic
HOLD#/103 <« >
Vss— | Cache Register K= Data Register |

Figure 1: NM5A02G01A SPI NAND Flash Block Diagram

3. Pin Configuration
The NM5A02G01A device has the following pin configurations.
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E |
DNU

Vu o
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Y
mo -

so/lo1 si/ioo HOLD# pN

C

Figure 2: Pin Map

4. Pin Description

The NM5A02G01A SPI Flash memory device operates with a single power supply of 3.3V typical.
Table 1: Pin Definitions
Signal Direction Description
CS# Input Chip Select, active low
SCLK Input Clock Input
SI/IO0 Input/Output | Serial Data Input in standard SPI;

100 in Dual and Quad modes.

SO/I01 Input/Output | Serial Data Output in standard SPI;

I01 in Dual and Quad modes.

WP#/102 Input/Output | Active low Write Protect in standard SPI and Dual SPI;

102 in Quad modes.

HOLD#/I03 | Input/Output | Active low Hold Input in standard SPI and Dual SPI;

I03 in Quad modes.
For devices with hold functionality enabled, the HOLD# pin needs an external
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pullup resistor to avoid unexpected hold operations.
Ve - Power Supply.
Vss - Ground.
NC - Do Not Use. These pins should be left floating.

4.1. Chip Select (CS#)

The Chip Select (CS#) pin enables and disables device operations.

When CS# is high, the device is deselected and SO pin is at high impedance state; the device is in standby mode
with standby level of power consumption if Write Status Register, Program or Erase operations are absent.

When CS# is low, the device is selected, available for incoming commands.

4.2. Clock Input (SCLK)

The clock input provides a reference of the synchronization of the SPI interface.
All inputs are latched on the rising edge of SCLK, while all data output are triggered by SCLK falling edge.

4.3. Serial Input (SI/100)

Serial input is a unidirectional pin in Standard SPI mode, which is the input for all commands, address and data.
In Dual SPI and Quad SPI modes, SI functions as an bidirectional I00, which transfers command, address and
data information.

4.4. Serial Output (SO/101)

SO is unidirectional in Standard SPI mode for the output of all internal status and data. In Dual SPI and Quad
SPI modes, SO functions as an bidirectional 101, which transfers command, address and data information.

4.5. Write Protect (WP#/102)

The WP# Write Protect pin, when asserted low, protects BP[3:0] and TB bits from modifications if BRWD bit is set.
When the device is deselected, this pin functions as an input.

When the device is in Quad mode, the WP# function is disabled and this pin functions as a dedicated IO2 pin.
The host should not drive the WP# pin in Quad read operation, otherwise the device may be damaged due to
signal contention.

4.6. HOLD (HOLD#/103)

The HOLD# function is enabled by default only for specific part numbers. For these devices, an external pullup
resistor is required on HOLD# pin to avoid unexpected behavior.

Driving the HOLD# pin low halts all serial communications of the device, without affecting any ongoing Write,
Program or Erase operations in progress. During hold state, SO is released to high impedance, and SI and SCLK
are ignored by the device. Deasserting CS# while HOLD# is low will reset the internal logic of the device.

SCLK and HOLD# controls the entrance and exit of hold state. A falling edge of HOLD# during SCLK=0, or
falling edge of SCLK during HOLD#=0 brings the device into HOLD state; a rising edge of HOLD# while
SCLK=0, or falling edge of SCLK while HOLD#=1 brings the device out of HOLD state. The CS# should keep low
during HOLD state.
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Figure 3: HOLD Condition
When the device is in Quad mode, the HOLD# function is disabled and this pin functions as dedicated 103 pin;
in such case, the host must not drive the HOLD# pin, otherwise the device may be damaged due to signal
contention.

5. SPI Bus Operation

5.1. SPI Modes

The NM5A02G01A device supports two SPI modes, depending on CPOL (clock polarity) and CPHA (clock
phase):

SPI Mode 0: CPOL =0, CPHA =0, SCLK remains at 0 during standby.

SPI Mode 3: CPOL =1, CPHA =1, SCLK remains at 1 during standby.

CPOL CPHA

o oosw NS\
N ) \SVARNNALN Vo WVAA NVAAN VAN NAR Y
Sl —()()—( MSB X Xj\ X LSB ) () )()—
0 4 f——— Cm e
e f § 2%

Figure 4: SPI Mode 0 and Mode 3 Timing
Depending on SPI being in mode 0 or mode 3, the SCLK pin should stay at Vcc or GND while the device is

deselected with CS# asserted high. For simplicity's sake, all SPI timing diagrams in this document follow mode
0.

5.2. SPI Protocols

5.2.1. Standard SPI

The device supports standard SPI with a four signal bus: CS#, SCLK, SI and SO. Both mode 0 and mode 3 are
supported. Input data is latched on the rising edge of SCLK and data shifts out on the falling edge of SCLK.
In standard SPI mode, Sl is input, SO is output, and an incoming command spans 8 SCLK cycles.

5.2.2. Dual SPI

The device features Dual SPI operations in which SI and SO pins become 100 and 101. Data is transferred using
IO0 and 101, doubling the throughput of Standard SPI protocol.

5.2.3. Quad SPI

The device also features Quad SPI operations in which SI, SO, WP# and HOLD# become 100, 101, I02 and 103,
respectively. Data is transferred using IO0 through 103, offering four times the throughput of Standard SPI
protocols.

If Quad SPI is activated, it is strictly forbidden to tie WP# and HOLD# to power supply or GND to prevent signal
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conflict which may damage the device permanently.

5.3. SPI NOR Read Protocol

This device uses a modification of conventional SPI NOR Flash command set to cater to the specific needs of
NAND Flash architecture. However, this device can also follow the 03h/0Bh commands of conventional SPI NOR
Read protocol for backward compatibility with systems deployed with SPI NOR Flash for boot.

For more details, see Section 9.11 SPI NOR Read Configuration.

6. Device Organization

The NM5A02GO01A utilizes a variety of registers and memory array to store control information and user data.

6.1. Identification
The NM5A02G01A device has two bytes of identifier code that can be accessed by the user. They include ID

information and device configuration information.
Table 2: Identification Definitions

Byte Bit Value Byte Value Description
7 6 5 4 3 2 1 0
Byte 0 0 0 1 0 1 1 0 0 2Ch Device Manufacturer ID.
Byte 1 0 0 1 0 0 1 0 0 24h 2Gbit 3.3V Device ID.
6.2. Main Array Organization
The address space distribution for the main memory array is given below.
Table 3: NM5A02G01A Memory Organization
A device has A Plane has A Block has A page has —
2 — — — Planes
2,048 1,024 — — Blocks
131,072 65,536 64 — Pages
285,212,672 142,606,336 139,264 2,176 Bytes

Notes:

1. The column address is 12 bits wide, and only address 0 through 2175 are valid. Address range from 2176 to

4095 is invalid.

2. Block RAG6 selects a specific plane.

The device address is explained as follows:
Row Address[16:6]
Row Address [5:0]
Column Address[11:0]:

Selects a specific block.

Selects a page within a block.

The array organization of the device is shown below.

Selects a specific byte within a page.
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Figure 5: Array Organization

6.3. Parameter Page

The NM5A02G01A devices features an internal Parameter Table which includes flash device characteristics,

providing a means for the host to interrogate and make appropriate adjustments while accessing the device.
Table 4: Parameter Page Data Structure Table

Byte Description Value(hex)
0-3 Parameter page signature 4Fh, 4Eh, 46h, 49h
4-5 Revision number 00h
6-7 Feature support 00h
8-9 Optional commands support 06h, 00h
10-31 Reserved 00h
3043 Device manufacturer 4Dh, 49h, 43h, 52h, 4Fh, 4Eh, 20h, 20h,
20h, 20h, 20h, 20h
Device model: NM5A02G01AYI 4Dh, 54h, 32h, 39h, 46h, 32h, 47h, 30h,
44-63 31h, 41h, 42h, 41h, 47h, 44h, 53h, 46h,
20h, 20h, 20h, 20h
64 Manufacturer ID 2Ch
65-66 Date code 00h
67-79 Reserved 00h
80-83 Number of data bytes per page 00h, 08h, 00h, 00h
84-85 Number of spare bytes per page 80h, 00h
86-89 Number of data bytes per partial page 00h, 02h, 00h, 00h
90-91 Number of spare bytes per partial page 20h, 00h
92-95 Number of pages per block 40h, 00h, 00h, 00h
96-99 Number of blocks per unit 00h, 08h, 00h, 00h
100 Number of logical units 01h
101 Number of address cycles 00h
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102 Number of bits per cell 01h
103-104 Bad blocks maximum per unit 28h, 00h
105-106 Block endurance 01h, 05h

107 Guaranteed valid blocks at beginning of 08h

target

108-109 Block endurance for guaranteed valid blocks | 00h

110 Number of programs per page 04h

111 Partial programming attributes 00h

112 Number of ECC bits 00h

113 Number of interleaved address bits 00h

114 Interleaved operation attributes 00h
115-127 Reserved 00h

128 I/O pin capacitance 08h
129-130 Timing mode support 00h
131-132 Program cache timing 00h
133-134 tPROG maximum page program time 58h, 02h
135-136 tERS maximum block erase time 10h, 27h
137-138 tR maximum page read time 46h, 00h
139-140 tCCS minimum 00h
141-163 Reserved 00h
164-165 Vendor-specific revision number 00h
166-179 Vendor specific 01h, 00h, 00h, 00h, 00h, 00h, 00h, O0h,

00h, 02h, 02h, BOh, 0Ah, BOh

180-247 Reserved 00h

248 ECC maximum correct ability 08h

249 Die select feature 00h
250-253 Reserved 00h
254-255 Integrity CRC Set at Test
256-512 2nd copy of the parameter table
513-768 3rd copy of the parameter table
769-2048 Additional redundant parameter pages

6.4. Unique ID

The device has sixteen copies of unique ID in its internal storage, each copy being 32 bytes in length. Within each
copy, the first 16 bytes are the unique data, with the second 16 bytes being its complement, which enables the
host to utilize XOR operation to check for data integrity. Should the XOR data check fail, the host can repeat the

XOR operations on subsequent copies until a correct copy is detected.

6.5. Feature Register

The device has four 1-byte internal feature registers that can both be polled by the host to detect the device status,
or be written by the host to modify device configuration from their default values. During read or write
operations, each feature register is be addressed by a 1-byte feature address.

Using Set Features 1Fh command, the host can set internal control bits of the device, including block locking,
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ECC correction, protocol configuration, OTP protect. Once a feature bit is written by the host, it will remain
active until device power-down or the bit is written again, and it will remain active even a Reset command FFh
is issued (unless otherwise specified). An exception is bits CFG[2:0]; a reset operation can clear CFG[2:0] to 000
and bring the device back to normal operation.

6.5.1. Block Lock
Table 5: Feature Register: Block Lock

Feature Feature Data Bit Definition
Access
Address 7 6 5 4 3 2 1 0
AOh R/W BRWD BP3 BP2 BP1 BPO TB WP#/HOLD# Disable —

When WP#/HOLD# bit is 0, BRWD bit is 1, and WP# pin is Low, bits [7:2] of Block Lock register is protected
against modifications.
6.5.1.1. BRWD Bit
The Block Register Write Disable bit is used for data protection. The power-up default value is 0.
For details, see Section 8.2 Hardware Write Protection and Section 8.3 Device Lock Tight (LOT).
6.5.1.2. BP3, BP2, BP1 and BPO Bits
BP[3:0] are Block Protect bits. Default values are all 1s.
Block lock bits include BP[3:0] and TB bits; they together define the protection scheme of the device main
memory array. For details, see Section 8.1 Volatile Block Protection of Main Array.
6.5.1.3. TB Bit
TB is the Top/Bottom bit. It determines whether the memory protection mechanism starts from the Top or
Bottom address of the memory array.
0: Top area protect.
1:  Bottom area protect (default value).
For more details, see Section 8.1 Volatile Block Protection of Main Array.
6.5.1.4. WP#/HOLD# Disable Bit
This bit is used for security and data protection. The power-up default value is 0.
For details, see Section 8.2 Hardware Write Protection.

6.5.2. Configuration

Table 6: Feature Register: Configuration

Feature Feature Data Bit Definition
Access
Address 7 6 5 4 3 2 1 0
BOh R/W CFG2 CFG1 LOT_EN | ECC_EN — — CFGO

6.5.2.1. CFG2, CFG1 and CFGO Bits
The CFG[2:0] bits are Configuration Registers for Security purposes.

CFGJ[2:0]=000: = Normal operation

CFG[2:0]=010: Access OTP area/Parameter/Unique ID
CFG[2:0]=110: Access to OTP data protection bit to lock OTP area
CFGJ[2:0]=101:  Access to SPI NOR read protocol enable mode

CFG[2:0]=111:  Access to permanent block lock protection disable mode
6.5.2.2. LOT_EN Bit
This bit enables the Device Lock Tight (LOT) feature.

0: LOT feature disabled.

1. LOT feature enabled.
See Section 8.3 Device Lock Tight (LOT) for details.
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6.5.2.3. ECC_EN Bit

This bit enables the internal ECC feature for error detection and correction.
0: ECC feature disabled.
1: ECC feature enabled.

6.5.3. Status

The status register at feature address COh is typically polled by the host to detect the status of device while the
device is in operations. This register is read-only, with the exception of WEL bit which can be affected by the
Write Enable 06h and Write Disable 04h commands.

Table 7: Feature Register: Status

Feature Feature Data Bit Definition
Access
Address 7 6 5 4 3 2 1 0
COh R CRBSY ECCS2 ECCS1 ECCS0 P_Fail E_Fail WEL o1r

The status register bits cannot be changed by Set Feature command 1Fh, but can be read using Get Features
command OFh with feature address COh.
6.5.3.1. CRBSY Bit
The Cache read busy bit indicates the status of Read Page Cache Random command 30h.

0: Device is in ready state; read page cache operation in background is complete.

1: Read Page Cache Random command 30h is still in progress. This bit remains at 1 until the device has

internally transferred the page specified by 30h command from main array to data register.

While the CRBSY bit is 1, a Reset command pauses the read page cache operation in background, and loads the
first page of block 0 into cache register by default.
6.5.3.2. ECCS2, ECCS1 and ECCSO Bits
The ECC status bits provide a means to indicate the error correction and detection status of internal ECC
operations for Program and Read commands.

ECCS[2:0]=000: No errors are detected.

ECCS[2:0]=001: 1-3 bits of error is detected and corrected.

ECCS[2:0]=010: Bit errors greater than 8 bits are detected and not corrected.

ECCS[2:0]=011: 4-6 bits of error is detected and corrected. It is suggested to perform data refreshment.

ECCS|[2:0]=101: 7-8 bits of error is detected and corrected. Data refreshment is needed for data
retention.

ECCS|[2:0]=Others:  Reserved
After device power up reset, ECCS bits indicate the contents of page 0 in block 0. At the beginning of a Read
operation, or after a Reset command, ECCS bits are set to 000b; they are then updated to reflect the result of ECC
operation after a valid Read operation completes.
ECCS bits are invalid if ECC is disabled.
6.5.3.3. P_Fail Bit
P_Fail bit indicates a program failure.
0: No program failure is present.
1:  Aprogram failure is detected.
This bit is cleared to 0 during Program Execute command or after a Reset command.
This bit is set to 1 when a program operation fails, or the host seeks to program an invalid address, a lock
address, a protected address, including OTP area.
6.5.3.4. E_Fail Bit
E_Fail bit indicates an erase failure.
0: No erase failure is present.
1:  An erase failure is detected.
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This bit is cleared to 0 at the beginning of a Block Erase command or after a Reset command.
This bit is set to 1 when an erase operation fails, or the host seeks to erase a locked area.
6.5.3.5. WEL Bit
This bit indicates the current value of the Write Enable Latch:
0:  Write Enable Latch is 0.
1:  Write Enable Latch is 1.
This bit is set to 1 by the Write Enable command, and cleared to 0 by the Write Disable command or the
successful completion of a Program / Erase operation.
6.5.3.6. OIP Bit
The Operation In Progress bit indicates whether a Program Execute, Page Read, Read Page Cache Last, Block
Erase, Read Page Cache Random is in execution, which falls within tRCBSY and waits for the cache register to
become ready. It also signifies the state of Reset command or a power-up initialization process.
0: The device is ready.
1:  The device is busy.

6.5.4. Die Select

Table 8: Feature Register: Die Select

Feature Feature Data Bit Definition
Access
Address 7 6 5 4 3 2 1 0
DOh R/W — DS0 — — — — — —

6.5.4.1. DSO Bit

This bit is for die selection.

7. ECC Protection

The NM5A02G01A device provides internal ECC function to improve data integrity. The built-in ECC is enabled
upon power-up by default, and it can be turned off using the ECC_EN bit, but is not affected by Reset command.
The ECC mechanism protects the main memory array without the unique ID and parameter page. The data
integrity of unique ID and parameter page is guaranteed by storing multiple copies of the same data; besides,
XOR method can be used to verify the correctness of unique ID data.

With ECC enabled, the Program and Read operations are executed with error detection and correction
capabilities which can correct up to 8 bits of error in a page. The host can poll the ECC status register bits for the
result of ECC error detection and correction operations.

7.1. ECCin Program Operations

For Program operations, before data is transferred to the main memory array, the device automatically calculates
an ECC code from the ECC-protected area in cache register, and stores the code in the spare area of the page.

7.2. ECC in Read Operations

During Read operations, when data is transferred to the cache register, the device automatically calculates the
ECC code and compare it with the one stored in the main array. If 1 to 8 bits of error is found, then the cache
register is loaded with corrected data; however, if 9 or more error bits exist in a single page, it is beyond the ECC
capabilities and there will be no attempts to correct the data.

7.3. ECC Protection Rules

When internal ECC is enabled, users should consider the spare area definitions. Write operations are acceptable
for main and spare areas (user meta data I and II); Write operation to ECC area is prohibited.

For partial-page programming, the following rules should be observed:
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(1) In main and user meta data I areas, single partial-page programming should be used.

(2) Within a single page, it is acceptable to perform a maximum of four partial-page programming operations.
Table 9: ECC Protection

Max Byte Min Byte ECC Area

Address Address Protected Description
1FFh 000h Yes Main 0 User Main data 0
3FFh 200h Yes Main 1 User Main data 1
5FFh 400h Yes Main 2 User Main data 2
7FFh 600h Yes Main 3 User Main data 3
803h 800h No Spare 0 Reserved (bad block data)
807h 804h No Spare 1 User meta data II
80Bh 808h No Spare 2 User meta data II
80Fh 80Ch No Spare 3 User meta data II
813h 810h No Spare 0 User meta data II
817h 814h No Spare 1
81Bh 818h No Spare 2
81Fh 81Ch No Spare 3
827h 820h Yes Spare 0 User meta data I
82Fh 828h Yes Spare 1
837h 830h Yes Spare 2
83Fh 838h Yes Spare 3
84Fh 840h Yes Spare 0 ECC for Main/Spare 0
85Fh 850h Yes Spare 1 ECC for Main/Spare 1
86Fh 860h Yes Spare 2 ECC for Main/Spare 2
87Fh 870h Yes Spare 3 ECC for Main/Spare 3

8. Security and Data Protection

As a nonvolatile memory device the NM5A02G01A may suffer from the compromise of data integrity in the

event of noise and other adverse system conditions. To improve the robustness of the device, certain methods are

adopted to protect the data from inadvertent Write, Program or Erase operations.

8.1. Volatile Block Protection of Main Array

A combination of feature register bits define the area space of the memory array that is protected from program

and erase operations. A program or erase operation targeted at a locked block is not executed, and the P_Fail or

E_fail bit in status register will be internally asserted to indicate such failure.

A detailed protection scheme is specified in the table below.

Table 10: NM5A02G01A Memory Protection Pattern

Status Register Bits Memory Space in Protection
B BP3 | BP2 BP1 BPO Protected Portion Protected Blocks

0 0 0 0 0 None—all unlocked None

0 0 0 0 1 Upper 1/1024 locked 2046:2047
0 0 0 1 0 Upper 1/512 locked 2044:2047
0 0 0 1 1 Upper 1/256 locked 2040:2047
0 0 1 0 0 Upper 1/128 locked 2032:2047
0 0 1 0 1 Upper 1/64 locked 2016:2047
0 0 1 1 0 Upper 1/32 locked 1984:2047
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0 0 1 1 1 Upper 1/16 locked 1920:2047

0 1 0 0 0 Upper 1/8 locked 1792:2047

0 1 0 0 1 Upper 1/4 locked 1536:2047

0 1 0 1 0 Upper 1/2 locked 1024:2047

1 0 0 0 0 All unlocked None
All others All locked 0:2047

1 0 0 0 1 Lower 1/1024 locked 0:1

1 0 0 1 0 Lower 1/512 locked 0:3

1 0 0 1 1 Lower 1/256 locked 0:7

1 0 1 0 0 Lower 1/128 locked 0:15

1 0 1 0 1 Lower 1/64 locked 0:31

1 0 1 1 0 Lower 1/32 locked 0:63

1 0 1 1 1 Lower 1/16 locked 0:127

1 1 0 0 0 Upper 1/8 locked 0:255

1 1 0 0 1 Lower 1/4 locked 0:511

1 1 0 1 0 Lower 1/2 locked 0:1023

1 1 1 1 1 All locked (default) 0:2047

The device is default to power up in locked state with BP[3:0] and TB all being 1s; these bits are not affected by
reset operations. To unlock all blocks after power up, the Set Features command 1Fh should be used with feature
address AOh and data 00h.

8.2. Hardware Write Protection

A hardware write protection scheme protects the block lock register bits from unexpected modifications: The
host issues the Set Feature command 1Fh with feature address AOh, and set the Block Lock register to
appropriate data pattern.

When BRWD bit is 1 and WP# pin is low, Block Lock register bits [7:2] are protected against modifications
regardless of their unlock/lock status; when the WP#/HOLD# Disable bit is 1, the hardware protection mode is
disabled.

8.3. Device Lock Tight (LOT)
When the LOT_EN bit is set to 1, the device is in lock tight (LOT) mode, in which the PB, TB and BRWD bits are

protected against software modifications until device power down, which further prevents a change in the block
protection pattern. Once entered, the LOT mode cannot be disabled by any software command; it can only be
disabled by power cycling the device.

8.4. Permanent Block Lock Protection

Permanent Block Lock Protection is a series of Protect command sequence that can be used to permanently and
irreversibly protect up to 48 blocks per die. This protection is implemented in terms of groups. In this device, a
group is composed of four blocks; consequently, a minimum of one group or four blocks can be permanently
protected. Once taken effect, such protection mechanism is nonvolatile and irreversible; power cycling the device
cannot disable the protection scheme.

The device is shipped without Permanent Block Lock Protection, so that the entire memory space is available for
program or erase operations.

See Section 9.8 Protection for details.

8.5. One Time Programmable (OTP) Area
For this device, each die offers ten full pages (10 pagesX2176 bytes per page) of one-time programmable (OTP)
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Nand Flash memory space which is under protection. The row address of OTP pages are 02h through 0Bh. The
OTP pages can be programmed only once, but cannot be erased. OTP data can be protected by ECC if ECC is
enabled.

The host can use OTP area for serial number or whatever that needs permanent storage.

See Section 9.9 OTP Operations for details.

9. Command Definitions

All commands, addresses and data are shifted in and out of the device with MSB first.

Every command sequence starts with a one-byte command code. Depending on the operation, the command
byte might be followed by address bytes, data bytes, dummy bytes, or their combination. CS# must be driven
high after the last bit of the command sequence is completed.
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9.1. Command Summary

Table 11: Command Definitions

Command | Address | Dummy Data
Command Byte Bytes Bytes Bytes Description
Reset FFh 0 0 0 Perform reset on the device.
Get Features OFh 1 0 1 Read feature table.
Set Features 1Fh 1 0 1 Write feature table.
Read ID 9Fh 0 1 2 Read device ID code.
Page Read 13h 3 0 0 Array read.
Read Page Cache Random 30h 3 0 0 Cache read.
Read Page Cache Last 3Fh 0 0 0 End of cache read.
Read From Cache x1 03h, 0Bh 2 1 1-2176 Read cache data from specified address.
Read From Cache x2 3Bh 2 1 1-2176 Read cache data and output at two pins: IO0 and IO1.
Read From Cache x4 6Bh 2 1 1-2176 Read cache data and output at four pins: 100 through IO3.
Read From Cache Dual 1O BBh 2 1 1-2176 Input address and output data are communicated via IO0 and 101.
Read From Cache Quad IO EBh 2 2 1-2176 Input address and output data are communicated via IO0 through IO3.
Write Enable 06h 0 0 0 Asserts WEL bit to 1. Prerequisite for any command that changes data in
the memory array.
Write Disable 04h 0 0 0 Clears WEL bit to 0. Disables the device for any changes in the memory
array.
Block Erase D8h 3 0 0 Erase the data contents of a specified block.
Program Execute 10h 3 0 0 Program the memory array.
Program Load x1 02h 2 0 1-2176 Load program data into cache register from SI.
Program Load x4 32h 2 0 1-2176 Load program data into cache register from 100 through IO3.
Program Load Random Data x1 84h 2 0 1-2176 Write cache register with incoming data from SI.
Program Load Random Data x4 34h 2 0 1-2176 Write cache register with incoming data from IO0 through I03.
Permanent Block Lock Protection | 2Ch 3 0 0 Permanently prevent a group of blocks from any modifications.
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9.2. Reset Operation (FFh)

The Reset commands aborts all on-going internal Read, Program, Erase operations, and brings the device back to
a known state. After Reset command is issued, it takes a duration tPOR for the command to take effect; during
tPOR, the Get Feature command can be used to monitor the status register for OIP bit.
After the device is reset, the cache register is automatically loaded with the data from the first page of the first
block. The impact of Reset command on device registers is listed as below:

Status register:

ECCbits:  Updated.
Other bits:  Cleared.
Configuration register:
CFG[2:0]:  Cleared.
Other bits:  Not reset.
Block lock register:
Not cleared until power cycling or written by Set Feature command.

Data corruption may occur if Reset command is used to interrupt an ongoing Program or Erase operation.

cs# \ /[

012 3 4567

SCLK
Command(FFh)
Si
High-Z
o) =

Figure 6: Reset (FFh) Command Timing
9.3. Write Operations

9.3.1. Write Enable (WREN) (06h)

The WREN command sets the WEL bit to 1, which is a prerequisite prior to any command that modify the device
contents:

Page Program
OTP Area Program
Block Erase
Permanent Block Lock Protection
These commands are ignored by the device without prior WREN command.

csr T\ Vo

012 3 456 7

Command(06h)

I L

High-Z

SO

Figure 7: Write Enable (WREN) (06h) Command Timing
9.3.2. Write Disable (WRDI) (04h)

The WRDI command clears the WEL bit to 0, which disables the page Program, OTP Area Program or Block
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Erase commands.

cs# \ /S

0123 4567

SCLK
) Command(04h) >
g | I
so High-Z

Figure 8: Write Disable (WRDI) (04h) Command Timing
9.4. Read Operations

9.4.1. Page Read (13h)

A Page Read 13h command reads data from main memory array to cache register, which requires a busy time
duration of tRD. During tRD, the Get Features command can be used to monitor the status of the operation.
After Page Read has successfully transferred data to the cache register, the host should use the Read From Cache
command to read the data from cache register.

Table 12: Page Read (13h) Command Sequence

Step Opcode Command Description
1 13h Page Read Move data from main memory array to cache register.
2 OFh Get Features Poll the status of the operation.
3 03h or 0Bh | Read From Cache Any one of these commands can be used to enable the
3Bh Read From Cache x2 device to output data from cache register.

6Bh Read From Cache x4
BBh Read from Cache Dual 10
EBh Read From Cache Quad IO

The Page Read command 13h require a 24-bit address, which consists of 7 dummy bits and 17 bits of block/page
address.
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[
[
| Status register address(C0h)
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SO — 7 @699900( IOQQQQEGQ
Status register data out

Status register data out

Figure 9: Page Read (13h) Command Timing

9.4.2. Read From Cache x1 (03h or 0Bh)

The Read From Cache x1 command 03h or 0Bh reads data bytes from the cache register; data is output with MSB
first. After each byte is shifted out, the address automatically increments to the next byte location, creating a
continuous output data stream. Both 03h and 0Bh commands operate in fast mode.

The command sequence is:
Drive CS# pin low --> Shift in command byte --> Shift in 16 bits of column address --> Shift in 8 bits of

dummy clock --> Shift out read data starting from the specified address --> The host may terminate the

command by driving CS# high at any time during data output.
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CS# \

B-|---

0123456 7 8 91011121314151617181920212223242
SCLK
«———— > - «—
Command(03h or 0Bh) 3 dummy MSB 12-bit column address

ST

S0 High-Z

CSt i “

|
25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 17431 17439
SCLK

1 dummy byte o

" i High-Z o /«/

so T Hre2 2,090006008900000860

Status register data out Status register data out

Figure 10: Read From Cache (03h or 0Bh) Command Timing
9.4.3. Read From Cache x2 (3Bh)

The Read From Cache x2 command 3Bh functions similar to Read From Cache x1 (03h or 0Bh) command, with
the exception that data outputs on IO0(SI) and I01(SO), allowing output data to be transferred at twice the
throughput.
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|
012 3 456 7 8 910111213141516171819202122232425

SCLK
Command(3Bh 12-bit column address '
(8Bh)  3dummy oo |
bits I
I
s | L[ X ;
I
. Plane select |
High-Z
SO g |
|
cs# | “
| 17
2526 27 28 29 30 31 32 33 34 35 36 37 38 39 8727 8735
SCLK
| -
: 1 dummy byte o
! High-Z
sl - g 6X2X2XoXeXaX2X0
| .
so ——High-Z 0000068
Data outl ' Data out2 Data out2175 'Data out2176

Figure 11: Read From Cache x2 (3Bh) Command Timing
9.4.4. Read From Cache x4 (6Bh)

The Read From Cache x4 command 6Bh functions similar to Read From Cache x1 (03h or 0Bh) command, with
the exception that data outputs on 100, 101, IO2 and IO3, allowing output data to be transferred at four times
the throughput.
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I
I
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SO ;
. I
WP High-Z :
I
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g
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| High-z
SO 9 30 606060068 D@()—

|

|

|
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|

Sl

WP#

High-Z s X2XeX2X6X2 X6 X2 D@()—
High-Z X7TXEY7TX3EX7X3 D@()—

bytel'byte2 'byte3'byted
Figure 12: Read From Cache x4 (6Bh) Command Timing

9.4.5. Read From Cache Dual 10 (BBh)

The Read From Cache Dual IO command BBh functions similar to Read From Cache x2 command 3Bh, with the

exception that the column address and dummy clocks are communicated using IO0(SI) and IO1(SO), allowing

HOLD#

command overhead to be reduced.
The clock frequency supported by BBh command is listed in Section 12 Electrical Characteristics.

et T\ ) )
0123456 7 8 91011121314151617 18192021 222324252627 8716 8723
SCLK S
Sy r——
Command(BBh) 12-bit column address
Plane select
si OXXOEXEXDEXD —
High-Z
50 TR —
3 dummv bits 4 dummy = Dataoutl = Data out2 Data out2175 'Data out2176
y cycles

Figure 13: Read From Cache Dual 10 (BBh) Command Timing
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9.4.6. Read From Cache Quad 10 (EBh)

The Read From Cache Quad IO command EBh functions similar to Read From Cache Dual IO command BBh,
with the exception that address and data are communicated using pins IO0 through IO3, allowing command
overhead to be further reduced for faster random access into cache register.

The clock frequency supported by EBh command is listed in Section 12 Electrical Characteristics.

csr T\ )

0123456 7 8 91011121314151617 181920212223

SCLK

Command(EBh) Plane select

S 2000,
. High-Z
e High-Z
HOLD# High-Z

12-bit 4 dummy
address  cycles

Figure 14: Read From Cache Quad 10 (EBh) Command Timing
9.4.7. Read Page Cache Random (30h)
The Read Page Cache Random command 30h improves read throughput by reading data from specified address

3 dummy bits

in the main array into data register, while the device outputs data of the previous page from cache register. The
30h command is accepted when the die is ready with OIP=0 and CRBSY=0.
Table 13: Read Page Cache Random (30h) Command Sequence

Step Opcode Command Description
1 13h Page Read Move data from main memory array to cache register.
2 OFh Get Feature Poll the status until OIP bit changes from 1 to 0.
3 30h Read Page Cache 1. Move data from data register to cache register;
Random 2. Read the next page of data from main array to data register.
4 OFh Get Feature Poll the status until OIP bit changes from 1 to 0.

03h, 0Bh, 3Bh, Read From Cache | The device outputs data from the cache register.

> 6Bh, BBh or EBh | to Output
OFh Get Feature Poll the status until CRBSY is 0.
Repeat Steps 3 through 6 to output all pages except the last page.
8 3Fh Read Page Cache | 1. Copy the last page from data register to cache register.
Last 2. Terminate the read page cache sequence.
9 OFh Get Feature Poll the status until OIP bit changes from 1 to 0.
10 03h, 0Bh, 3Bh, Read From Cache | The device outputs data of the last page from the cache
6Bh, BBh or EBh | to Output register.

The Read Page Cache Random command 30h require a 24-bit address, which consists of 7 dummy bits followed
by 17 bits of block/page address.

For 30h command, after the address bits are input, it takes tRCBSY for the device to move data from data register
to cache register; after tRCBSY, OIP bit changes from 0 to 1 (which can be checked by the Get Feature command),
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which indicates that the cache register is ready to output data, and the page addressed by 30h command is being
copied from the main array to the data register. During tRCBSY, the device internally performs error detection
and correction.

After OIP becomes 1, the host may use Read From Cache commands to output data from the cache register. The
CRBSY bit remains 1 to indicate that the page addressed by 30h command is being copied from the main array to
data register; after data copy is complete, CRBSY bit returns to 0.

For devices with on-die ECC-enabled, ECC is performed after data is copied from data register to cache register;
such ECC execution time is included in tRCBSY, which should be taken into consideration when polling for OIP

bit value.
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Figure 15: Read Page Cache Random (30h) Command Timing
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9.4.8. Read Page Cache Last (3Fh)

The Read Page Cache Last command 3Fh copies a page of data from data register to cache register, and
terminates the Read Page Cache Random 30h command. The host can send this command when the die is ready
with OIP=0, CRBSY=0; after the 3Fh command is sent, OIP bit becomes 1 and the device becomes busy with
OIP=1, CRBSY=0 for a duration of tRCBSY. After data has been copied into cache register, OIP bit becomes 0 and

the device is ready to output data from cache register.

9.4.9. Read ID (9Fh)

The Read ID command 9Fh reads the 2-byte ID information from the device. The ID values are defined in Table 2:
Identification Definitions.

CS# \

—

0123456 7 8 91011121314151617 1819 2021 22 2324252627 2829 3031

Command(9Fh)

s L[| X

SO

dummy

A

High-Z

2.06060660009060600
—vandacrer b T oevieen

Manufacturer ID Device ID

Figure 16: Read ID (9Fh) Command Timing

9.4.10. Read Parameter Page

The following procedure is used to access the parameter page of the device.
Table 14: Read Parameter Page Command Sequence

Step | Opcode Command Description
Use with feature address BOh and data with CFG[2:0] being 010b to
1 1Fh Set Features .
access OTP / Parameter / Unique ID pages.
13h Page Read Issue this command with block/page address of 0x01h.
OFh Get Features Use with feature address COh to check the status of read operation.
Use with address 0x00h to read data from the device.
4 03h Read From Cache | See Table 4: Parameter Page Data Structure Table for details regarding the
parameter page.
Use with feature address BOh and data being 00h to exit the parameter
5 1Fh Set Features
page read process.

9.4.11. Read Unique ID Page

The following procedure is used to access the unique ID page of the device.
Table 15: Read Unique ID Page Command Sequence

Step | Opcode Command Description

Use with feature address BOh and data being 40h to access OTP area /

1 1Fh Set Features _ .
Parameter / Unique ID. ECC disable.

2 13h Page Read Issue this command with block/page address of 0x00h.

OFh Get Features Use with feature address COh to check OIP bit until the device is ready.

Use with address 0x00h to read Unique ID data from the device.

4 03h Read From Cache ) . ] . .
See Section 6.4 Unique ID for details regarding the Unique ID.
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Use with feature address BOh and data being 10h or 00h (read main
5 1Fh Set Features memory array, ECC enable or disable) to exit the Unique ID read
process.

9.5. Program Operations

9.5.1. Page Program

A Page Program operation transfers 1 ~ 2176 bytes of data within a page to the cache register, and then further
moves the data from cache register to a specified block/page address in the main memory array. A program
operation may change data bits from 1 to 0, but not the reverse. To change data bits from 0 to 1, erase operation
is required instead.
Prior to program operation, a Write Enable command should be issued set the WEL bit to enable the device.
A single page accepts a maximum of four partial-page program operations. Only the first 2176 bytes are valid
and data beyond 2176 bytes are discarded by the device.

Table 16: Page Program Command Sequence

Step | Opcode Command Description
1 06h Write Enable Enable the device for program operation.
Specifies the target address and data bytes to be loaded into the cache
2 02h Program Load )
register.
10h Program Execute | Transfer program data from cache register to main memory array.
OFh Get Features Poll for the status of program operation.

9.5.2. Program Load x1 (02h)

The Program Load x1 command 02h feeds program data into the cache register of the device. The command
sequence is as follows:
Drive CS# pin low --> Shift in command byte --> Shift in 3 dummy bits --> Shift in plane select if available -->
Shift in 12 bits of column address --> Shift in program data bytes --> Drive CS# pin high.
Data bytes are loaded into the 2176-byte cache register. Data beyond 2176 bytes are ignored by the device. A
single page accepts a maximum of four partial-page program operations.

cs# \ ya
0123456 7 8 91011121314151617 181920212223 242526272829 3031 17424 17431
SCLK
Command(02h) 3 dummy M 12-bit column address "
bits Plane select
i [ B 10000000000000606060089006600000
High-Z Data bytel Data byte2176
SO

Figure 17: Program Load (02h) Command Timing
9.5.3. Program Execute (10h)

The Program Execute 10h command sequence is as follows:
Drive CS# pin low --> Shift in command byte --> Shift in 24 bits of page/block address --> Drive CS# pin
high.
This command transfers data from cache register to the specified address in the main array. While the program
operation is in progress, the device is busy for a duration of tPROG. The host can poll the status register to detect
the completion of this operation, after which an upcoming series of data can be loaded into the device using

Program Load command.
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|
e (S .
/ |
012 3 456 7 8 910 28 29 30 31 012345678

SCLK

17
Address bits Get feature(OFh) :
s ——_10n e\~ XiXe

]
|
|
High-Z (( (( I

SO
) ) !

) /-

CS#

|
|
|
7 8 9 1011121314151617 1819 20 21 22 23

SCLK

Status register address(C0h)
S| @6699900 \)

20606066 04\900600860

Status register data out Status register data out

SO

Figure 18: Program Execute (10h) Command Timing
9.5.4. Program Load Random Data x1 (84h)

The Random Data Program x1 command 84h programs or replaces data in the cache register. The command
sequence is as follows:
Table 17: Random Data Program Command Sequence

Step | Opcode Command Description
1 06h Write Enable Enable the device for program operation.
2 84h Program Load Random Data | Shift data into the cache register.
3 10h Program Execute Transfer data from cache register to main array.
4 OFh Get Features Poll the device for status register.

The 84h command is similar to the Program Load x1 command 02h with the difference being that the 02h
command resets the cache register to all FFs before shifting in data, while 84h only updates the data bytes
specifically specified by the command without affecting the rest of the cache register. If the input random data
occupy multiple segments of sequential address space, then each segment of data should be input by a specific
84h command with its corresponding column address.

After data is loaded, Program Execute command 10h can be used to initiate the programming process.

Product Specification 32 https://neumem.com/



\) 3.3V SPI NAND Flash Memory

EU em

Cs# \ /_
0123456 7 8 91011121314151617 1819 20212223 2425262728293031 17424 17431
SCLK
Command(84h) 3 dummy I 12-bit column address g
bits
i [ X . 0000060060000000606060890066060000
© High-Z Plane select Data bytel Data byte2176

Figure 19: Program Load Random Data (84h) Command Timing
9.5.5. Program Load x4 (32h) and Program Load Random Data x4 (34h)
These commands are similar to 02h and 84h commands except that data is input from 100 through IO3.

cs# -\ ya

012 3 456 7 8 91011121314151617 1819 2021 22 2324 25 2627

Command(32h) dummy < 12-bit column address |
bits
o
S [ 1] L e v000060600600000890.000,
Plane select

bytel byte2 by e2175byte2176

Figure 20: Program Load x4 (32h) Command Timing
Notes:
1. The number of dummy bits are dependent on device densities.

9.5.6. Internal Data Move

The Internal Data Move command sequence programs or replaces a data page with expected data. The
command sequence is shown below.
Table 18: Internal Data Move Command Sequence

Step | Opcode Command Description
1 13h Page Read Transfer data from main array to cache register.
2 06h Write Enable Enable the device for program operation.
3 84h Program Load Random Data | Shift data into the cache register.
4 10h Program Execute Transfer data from cache register to main array.
5 OFh Get Features Poll the device for status register.

If the input random data occupy multiple segments of sequential address space, then each segment of data
should be input by a specific 84h command with its corresponding column address.

9.6. Block Erase (D8h) Operations

A Block Erase command D8h changes a specified block of data to all FFs. Before an Erase operation, the WEL bit
must be set to enable the device, otherwise the erase command is ignored.
A D8h command erases one block at a time. The command sequence is as follows.

Table 19: Internal Data Move Command Sequence
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Step | Opcode Command Description
1 06h Write Enable Enable the device for erase operation.
2 D8h Block Erase Perform erase operation on specified block.
3 OFh Get Features Poll the device for status register.

The D8h Block Erase command requires 24 bits of address, which includes dummy bits followed by the block
address. After D8h command is issued, the device performs the erase operation and will be busy for a duration
of tERS. The Get Features O0Fh command is used to poll for the completion of the operation.

cs# \ S& /_Sr\

|

|

4 |
0123456738 910 28293031 0123456738

SCLK
17
-«
Address bits Get feature(OFh) :
Y 2 24161660 0 v S G — )

]

|

|

High-Z (( (( I
SO

) ) !

cs# “ /
I 17
7 8 91011121314151617 18192021 2223

SCLK

Status register address(C0h)

80600000 )

SO T 20606066 04\900600860

Status register data out Status register data out

Figure 21: Block Erase (D8h) Command Timing
9.7. Feature Operations

9.7.1. Get Features (OFh)

The Get Features command OFh reads the data value of a feature register. The command needs a 1-byte feature
address to specify which register to read.
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Cst \ ya

0123456 7 8 91011121314151617 181920212223

Get feature(OFh) 1 byte address

st ] 90.0,0606.60

s o RO
data byte
Figure 22: Get Features (OFh) Command Timing
9.7.2. Set Features (1Fh)

The Set Features command 1Fh writes data value into a feature register. The command needs a 1-byte feature

address to specify which register to write.

cs# \ ya

0123 456 7 8 91011121314151617181920212223

r“ r‘

Get feature(1Fh) 1 byte address
S 2060606060
High-Z

SO

209000600

data byte

Figure 23: Set Features (1Fh) Command Timing
9.8. Protection

9.8.1. Protection Command (2Ch)

Permanent Block Lock Protection is a mechanism that permanently and irreversibly protects a maximum of 48
blocks of data per die. For more details, see Section 8.4 Permanent Block Lock Protection.
The protection is performed using the Protect command; one such command takes effect on a specific group
(four blocks). Prior to this command, the Write Enable command must be used to set the WEL bit, otherwise the
Protect command is ignored by the device.
When permanent lock is disabled, the Protect command is ignored by the device.
The Protection command sequence is as follows:

Table 20: Protect (2Ch) Command Sequence

Step | Opcode Command Description

1 06h Write Enable Enable the device for protect operation.

Permanent Block | Use with 24-bit address.

2 2Ch .
Lock Protection

After a duration of tPROG, use 0Fh command with feature address COh

3 O0Fh Get Feat
et reatures to detect the P_Fail bit.
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cs#  \ Sﬂ /S N\

0123456738 910 28293031

SCLK
Pagey
sl ——— 2ch IRIRIX s BX2XIXOX/ L/ /)
tPROG
so High-Z ((

)

Figure 24: Protect (2Ch) Command Timing

The Protection command includes a command byte and 24 bits of address. For a 2Gbit die, the address has 7
dummy bits and 17 bits of page/block address. Row address bits 11 through 8 (henceforth noted as Y) determine
which block group to protect:

Y = 0000: Group 0 (Blocks 0, 1, 2, 3) is protected.

Y =0001: Group 1 (Blocks 4, 5, 6, 7) is protected.

Y =1011: Group 11 (Blocks 44, 45, 46, 47) is protected.
After ther command is input, it takes a duration of tPROG for the protection to take effect. In case of a Protection
failure, the P_FAIL and WEL bits are both 1 (status register = 0Ch); upon successful completion of Protection
operation, the status register is 00h.
It should be noted that there is no internal register recording the Protect status of the blocks or groups; it is up to
the host controller to create and maintain a table of blocks under permanent protection.

9.8.2. Permanent Block Lock Protection Disable Mode

The host can disable the Permanent Block Lock Protection and instruct the device to ignore the Protection
command. The command sequence is as follows.
Table 21: Permanent Block Lock Protection Disable Command Sequence

Step | Opcode Command Description
1 1Fh Set Feature Use with feature address = BOh and data = C2h.
2 06h Write Enable Enable the device for protect operation.
3 10h Program Execute | Execute program operation with block/page address as 0.
After a duration of tPROG, use 0Fh command with feature address COh
4 OFh Get Features .
to detect the P_Fail bit.

9.9. OTP Operations

9.9.1. Enable OTP Access

Prior to OTP read and write access operations, OTP access should be enabled by a specific command sequence as

follows:
Table 22: Enable OTP Mode Command Sequence
Step | Opcode Command Description
1 1Fh Set Feature Use with feature address = BOh and data = 50h (ECC enabled) or
40h(ECC disabled).

After the die is in OTP mode, all upcoming page read and page program commands will be executed on OTP
area.
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9.9.2. OTP Program

Once the device is in OTP mode, use the following command sequence to Program one or more pages to OTP

area:
Table 23: Program OTP Area Command Sequence
Step | Opcode Command Description
1 06h Write Enable Enable the device for program operation.
2 10h Program Execute | Execute program operation with the row address of the OTP page.
3 OFh Get Features Use OFh command with feature address COh to detect the OIP bit.
4 OFh Get Features Use OFh command with feature address COh to poll for the P_FAIL bit.

9.9.3. OTP Read

Once the device is in OTP mode, use the following command sequence to Read one or more pages from OTP

area:
Table 24: Read OTP Area Command Sequence
Step | Opcode Command Description
1 13h Page Read Use this command with the address of the target OTP page.
2 OFh Get Features Use 0Fh command with feature address COh to detect the OIP bit.
3 03h Read From Cache | Output read data from the cache register.

9.9.4. OTP Protection and Program Prevention

OTP pages can be protected from further programming operations using the following command sequence:
Table 25: OTP Protection and Program Prevention Command Sequence

Step | Opcode Command Description

Use with feature address = BOh and data COh, in which CFG[2:0] is

1 1Fh Set Feature
110b.

06h Write Enable Enable the device for upcoming operation.

3 10h Program Execute | Execute program operation with row address 00h.
Use 0Fh command with feature address COh to poll for OIP and

4 OFh Get Features ]
P_FAIL bits.

9.9.5. OTP Configuration States

The host can use the following command sequence to check various internal status of the device, including SPI

NOR read protocol enable, OTP data protect, Permanent Block Lock Protection:
Table 26: Check Internal Status Command Sequence

Step | Opcode Command Description

Use with feature address = BOh and data specified as follows:
Data=COh: OTP data protect bit.

1 1Fh Set Feature .
Data=82h: NOR read protocol enable bit.
Data = C2h: Permanent Block Lock disable bit.

2 13h Page Read Use this command with address 0.

OFh Get Features Use OFh command with feature address COh to detect the OIP bit.

Use address 0 to output read data from the cache register:

4 03h Read From Cache | If read data are all Os, then the mode is enabled.
If read data are all 1s, then the mode is disabled.

Besides, bits CFG[2:0] can be read by Get Feature OFh command with feature address BOh.
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9.9.6. Exit OTP

Use the following command sequence to exit from OTP mode and bring the device back to normal main array

operation mode:

Table 27: Exit OTP Mode Command Sequence (1Fh)

Step | Opcode

Command

Description

1 1Fh

Set Feature

Use with feature address = BOh and data CFG[2:0] = 000b.

Alternatively, issuing the FFh Reset command can also bring the device back to normal operation mode:
Table 28: Exit OTP Mode Command Sequence (FFh)

Step | Opcode

Command

Description

1 FFh

Reset

Reset command.

9.10. ECC Operations

The ECC capability is enabled by default after power up. The following command sequence can be used to

enable or disable ECC after power up:
Table 29: Enable / Disable ECC Command Sequence

Step | Opcode Command Description
Use with feature address = BOh and and data specified as follows:
1 1Fh Set Feature Databit4=1: ECC is enabled.
Data bit 4 =0: ECC is disabled.

9.11. SPI NOR Read Configuration

The SPI NOR Read Protocol is enabled using the following command sequence:
Table 30: SPI NOR Read Protocol Command Sequence

Step | Opcode Command Description
Feature address = BOh, data bits CFGJ[2:0] = 101b. (Access to SPI NOR
1 1Fh Set Feature
read protocol enable mode)
06h Write Enable Enable Program operation.
3 10h Program Execute | Block / page address should be all Os.
Feature address = COh, check OIP for operation completion, verify
4 OFh Get Feature . .
P_FAIL bit for operation status.
Feature address = BOh, data bits CFGJ[2:0] = 000b, which returns the
5 1Fh Set Feature . ]
device to normal operation mode.
6 OFh Get Feature Feature address = BOh, verify CFG[2:0] bits.

The SPI NOR Read Protocol setting is nonvolatile and will survive a power-cycling process.
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9.11.1. Read From Cache (03h)

CS# \ I

0123456 7 8 91011121314151617 1819 2021 22 23 24 25 26 27 28 29 30 31!32 33

Command(03h) N '|

11 dummy bits 12-bit column address

] |
S | X EE0 000000060600

Plane select

High-Z |

|
CS# : “
| 17
303113233343536373839 16919 16927

Mpﬂﬂﬂﬂﬂﬂm&rLrLrLrLrLrLrerj&rLr

Figure 25: Read From Cache (03h)
Notes:
1. This operation is compatible with conventional SPI NOR Flash devices.

9.11.2. Fast Read From Cache (0Bh)

CS# \ :

T
0123456 7 8 91011121314151617 18192021 222324252627 2829 30313233

SCLK
Command(0Bh) 11 dummy bits N 12-bit column address j
|
|
5 ] LY
High-Z Plane select [
so :
cst# i ﬂ

|
30 31132 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

Wﬂ

1 dummy byte
{L

sl X7 )
50 — 0,0,000006
Data bytel

Figure 26: Fast Read From Cache (0Bh)
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Notes:
1. This operation is compatible with conventional SPI NOR Flash devices.

10. Error Management

10.1. Bad Block

An invalid block or bad block is one that contains at least one page with more bad bits beyond the correction
capability of the minimum required ECC. Bad blocks may develop during the device lifetime, but the total
number of valid blocks will not fall below Nvs during the endurance life of the device.

Inside the NAND Flash device, all blocks are isolated from each other by internal circuitry, so the presence of
bad blocks does not affect the operation of the rest of the memory array. With appropriate bad block
management and error correction algorithms, NAND Flash devices with bad blocks can provide reliable data

storage.

10.2. Factory Bad Blocks

NAND Flash devices are shipped from factory with all locations inside valid blocks erased to FFh. The device
may contain invalid blocks upon delivery. These bad blocks are identified before shipping by attempting to
program bad block marks at every location in the first page of each bad block, and the first spare area location in
a bad block is guaranteed to contain the bad block mark.
Before doing any erase or program operations, the host should check for non-FFh data at the first spare area
location on the first page of all blocks in the device and create a bad-block table accordingly, so the bad blocks
can be mapped around.
Factory tests are conducted in such a way that marginal bad blocks can be detected and marked; it may be
impossible to recover the initial bad block markings after the blocks are programmed or erased by the user.
See the table below for details.

Table 31: Error Management Details

Description Requirement

Minimum number of valid blocks (Nvs) 2008

Total available blocks per die 2048

First spare area location in the first page of each block | Byte 2048

Bad-block mark 00h

Minimum required ECC 8-bit ECC per sector (544 bytes) of data

Minimum ECC with internal ECC enabled 8-bit ECC per 512 bytes (user data) + 8 bytes (spare) +
16 bytes (ECC data)

11. Power Considerations

11.1. Data Protection During Power Transitions

To ensure proper operation, the device should be deselected during power-up and power-down processes, viz.
CS# should follow Vcc voltage until Vcc reaches Veemin at power-up or Vss at power-down. During power
transitions, an internal circuitry holds internal logic at reset state, thus protecting the device from unexpected
data corruptions.

Internal circuitry of the device monitors input Vcc voltage; after Vcc reaches Vwi, the host must wait for a
duration of at least 250us before sending in a Reset command FFh. After FFh command is sent, the host must
wait for another 1.25ms before sending in any other command. The Get Feature command should be used to poll
the status register for OIP bit before the first access.

For power-cycling tests, the system should wait for Vcc to drop down to 0V before initiating the next power-up
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sequence.

11.2. Vcc Decoupling

In hardware design, a decoupling capacitor of 100nF typical should be placed next to Vcc pins to stabilize the
power supply.

Vee A

VCC, max

VCC, min

" Device fully accessible
Polling is acceppted.

VWI -
OIP hit 0
time
Figure 27: Device SPI Power-Up
VCC=2.5V .
vcC / 33
‘250us
D a—
Cs# \ ) \
‘tPOR:1.25ms‘
MOdeS 001 23456 7
SCLK Mode O : “ | |
Command(FFh)
I | | “
High-Z
SO = ()()

Figure 28: Device SPI Power-Up Timing

11.3. Alternative SPI Power-Up Sequence

An alternative SPI NAND sequence does not require an explicit Reset command FFh upon device power-up. In
this sequence, after Vcc reaches Vwi, the device automatically starts the initialization process, and by default the

first page is automatically loaded into the cache register.
During the initialization process, the host can wait for 1.25ms after Vcc reaches Vccmin, or use the Get Feature

command to poll the OPI bit before the first access.
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Vcc’min:2.7v

Vee

CS# \

Power-up: 1st page
autoload = 1.25m

L ~

.............. Mode s e
SCLK Mode O |||||||||||||||||||||SS||
{L
Sl X Read from cache (03h, 3Bh, or 6Bh)\)
High-Z
o —— !
{L
WP# \\

Figure 29: Alternative SPI Power-Up Sequence Timing

12. Electrical Characteristics

12.1. Absolute Maximum Ratings

Exposure to stresses greater than those in the table below may lead to permanent damage in the device. They are

stress ratings, and device functions are not guaranteed at these or any other conditions with values above the

ones below.
Table 32: Absolute Maximum Ratings
Parameter Symbol Min Max Unit
Supply voltage (SPI) VCC -0.6 4.6 \%
I/O voltage VCC -0.6 4.6 Vv
Operating temperature (ambient) Ty —40 85 °C
Storage temperature T —65 85 °C

Notes:

1. Voltages in this table are with respect to Vss ground.

2. Undershoot to -2.0V or overshoot to Vcc max+2.0V may be acceptable if they are nonperiodic, infrequent and

with durations of less than 20ns.

12.2. Operating Conditions

Table 33: Operating Conditions

Parameter Symbol Min Typ Max Unit
Supply voltage VCC 2.7 3.3 3.6 A%
Ambient operating temperature (industrial) Ty —40 25 85 °C
12.3. AC Measurement Conditions
Table 34: AC Measurement Conditions
Parameter Symbol Min Max Unit
Load Capacitance Cy 30/10 pF
Input rise and fall time - - 5 ns
Input rise and fall time (>100 MHz) - - 1.5 ns
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Input pulse voltage! - 0.2VCC 0.8 VCC \%
Input timing reference voltages - 0.3 VCC 0.7 VCC \%
Output timing reference voltages - VCC/2 \%
Notes:

1. The Min/Max specifications of "Input Pulse Voltage" is for dual / quad operations.

Input levels I/O timing reference level
0.8Vcc
—\/ ﬁ ——
| 0.5Vee
: : - - 0.3Vec
0.2Vce / \
Figure 30: AC Measurement IO Waveform
12.4. Input/Output Capacitance
Table 35: Capacitance
Description Symbol Test Conditions Typ Max Unit
Input/output capacitance (I00, 101, 102, I03) Cin Vour =0V - 9 pF
Input capacitance (other pins) Cin Viy =0V - 9 pF
Notes:
1. These parameters are not 100% tested.
2. These parameters take into consideration both silicon and the device package.
12.5. DC Characteristics
Table 36: DC Characteristics
Parameter Symbol Conditions Min Typ Max Unit
Input high voltage Vin - 0.7 - vees M
VCC 0.4
Input low voltage ViL - -0.5 - 0.3 v
VCC
Output high voltage Vou Ioy =-100pA VCC-0.2 - - \Y
Output low voltage VoL Ip, =1.6mA - - 0.4 Vv
Input leakage current I - - - *10 HA
Output leakage current ILo - - - +10 HA
Page read current lces - - 25 35 mA
Program current lcca - - 25 25 mA
Erase current lces - - 25 25 mA
CE#=VCC; VIN = VSS or 50 A
Standby current lcct - 15
VCC
Notes:

1. This table gives typical values at Ta=25°C.
2. These parameters are verified during device characterization.
3. These parameters are not 100% tested.

12.6. AC Characteristics
Table 37: AC Characteristics
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Parameter Symbol Min Max Unit
Clock frequency? 2 fc - 133 MHz
Clock LOW time twL 3.375 - ns
Clock HIGH time twH 3.375 - ns
Clock LOW time (SPI NOR read 03h mode at 20 MHz) twi 225 - ns
Clock HIGH time (SPI NOR read 03h mode at 20 MHz) twh 22.5 - ns
Clock rise time terT 1.3 - V/ns
Clock fall time terr 1.3 V/ns
Command deselect time tes 30 - ns
Chip select# active setup/hold time relative to SCK tess/tesn 3.375 - ns
Chip select# non-active setup/hold time relative to SCK tesh 2.5 - ns
Output disable time tpis - 6 ns
Data input setup time tsupaT 25 - ns
Data input hold time tHDDAT 1.75 - ns
Clock LOW to output valid (30pF) ty - 6 ns
Clock LOW to output valid (10pF) ty - 5 ns
Clock LOW to output valid (similar to SPI NOR 20 MHz read . ~ 30 ns
30pF) v
Clock LOW to output valid (similar to SPI NOR 20 MHz read V ~ 28 s
10pF)
Output hold time (30pF) tyo 2 - ns
Output hold time (10pF) tyo 1.5 - ns
Output hold time (SPI NOR similar to 20 MHz read 30pF) tho 0 - ns
Output hold time (SPI NOR similar to 20 MHz read 10pF) tho 0 - ns
WP# hold time twpH 100 - ns
WP# setup time twps 20 - ns

Notes:

1. Read from Cache Dual IO (BBh) and Quad IO (EBh) commands support clock frequency up to 108MHz.
2. With SPI NOR read protocol enabled, Read from Cache 03h command support clock frequency up to 20MHz,

while Read from Cache 0Bh command support clock frequency up to 133MHz.

12.7. Program, Read and Erase Characteristics

Table 38: Program / Read / Erase Specifications

Parameter Symbol Typ Max Unit
BLOCK ERASE operation time (128KB) tERs 2 10 ms
PROGRAM PAGE operation time (ECC disabled) 200 600
PROGRAM PAGE operation time (ECC enabled) tPROG 220 600 He
Page read time (ECC disabled) - 25
Page read time (ECC enabled) ‘RD 46 70 K
Data transfer time from data register to cache register 5
(internal ECC disabled) ) - K
Data transfer time from data register to cache register RCBSY 50
(internal ECC enabled) 40 K
Power-on reset time (device initialization) from VCC MIN tpor - 1.25 ms
Write inhibit voltage Vit - 2.5 A%
Reset time for READ, PROGRAM, and ERASE operations trstl - 30/35/525 us
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(internal ECC disabled)

Reset time for READ, PROGRAM, and ERASE operations 75/80/570
- S

(internal ECC enabled) -

Number of partial- i ti 4 -
umber of partial-page programming operations NOP2 ~

supported
Notes:

1. For the first Reset command after device power-up, tRST is 1.25ms maximum. For stack die, the host should
not send any commands during tRST.

2. Single partial-page programming operations should be used for the main user area and user meta data area
L

3. Within a single page, the device accepts a maximum of four partial-page program operations.

12.8. AC Timing Diagrams

12.8.1. WP# Timing

CS# \ /
0123456 7 8 91011121314151617181920212223
SCLK
Get feature(1Fh) Address(AOh) data byte
st ] 2.0.6,0606000006060660 I

WP#

< <«

tWPS tWPH

Figure 31: WP# Timing
12.8.2. Serial Input Timing

ICSS tCSH tCs
Cs# \/\ Qﬂ
tCS tCFT '~ tCRT «‘ tCSS
SCLK [\ /_Sr\ w /L
tHDDAT
tSUDAT
st ( /*MSB /\\/ /XLSBX
S0 High-Z ((

))
Figure 32: Serial Input Timing
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12.8.3. Serial Output Timing

cs# (C a
tWL | tWH i

€ » € >

SCLK \ /S [/ \

HO tv HO N tDIS
High-Z

Figure 33: Serial Output Timing
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13.

Ordering Information

NM 5A 02G 01 A X X X

Manufacturer
NM: NeuMem

Product Family
5A: SPI NAND Flash with internal ECC
5F: SPI NAND Flash without internal ECC

Density
01G: 1Gbit
02G: 2Gbit

Organization
01: x1
04: x4
08: x8

Product Version
A: Version A

B: Version B

C: Version C

Package Type

B: FBGA-24

D: DIP8 300mil

F: FBGA-63

P: SOP16 300mil

Q: WSONS (6*5mm)

S: SOP8 208mil

U: USONS (4*4mm, 0.45mm thickness)
W: Wafer

Y: WSONS (8*6mm)

Z: TFBGA24 (6*4 Ball Array)

Temperature Range
C:Commercial (0°C to +70°C)

I: Industrial (-40°C to +85°C)

J: Industrial Plus (-40°C to +105°C)
A: Automotive (-40°C to +125°C)

Green Code

G: Pb Free & Halogen Free Green Package

Packing Type

T or no mark: Tube
Y: Tray
R: Tape & Reel

Figure 34: Device Ordering Information
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14. Package Information
14.1. 16-pin SOP (300 mils body width)
16 127 TYP °

<>
‘ — »“47
p N7 — ' 0.2+0.1
/ For reference
only.
- [N
S IR
. 0 [
Pin 1 ~ |9
\_ J N — -
0t
1 8
<7
0.275 +0.045
10.3+0.2

2.50.15
j:ﬁ:ﬁ:ﬁ:ﬁ:ﬁ:ﬁ:ﬁ:bi v

\ Seating Plane 16X 0.42 +0.09 F TlGX 0.2 +0.1

~Jo1lA

Figure 35: 16-pin SOP (300 mils body width) Package
Notes:

1. All dimensions are in millimeters.
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14.2. 8-pin U-PDFN (MLP8) 8mm x 6mm x 0.65mm

| L Seating Plane
0.08 |A
oo A

Pin 1
‘ o
O
o
Top View > 055201
+0.015
¥« 0.0357 53¢
N % 8X 0.4 £0.05 Pin 1
| ¥ A
18 1 A
8X 0.4 +0.05.Y_
CTR % | L] 127 381 6101
- ] ¥ TYP |CTR
:|5 4 I: \ 4
A
8+0.1
Bottom View

Figure 36: 8-pin U-PDFN (MLP8) 8mm x 6mm x 0.65mm Package
Notes:

1. All dimensions are in millimeters.
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14.3. 24-Pin T-PBGA (5 x 5 Ball Grid Array) 6mm x 8mm

) @) @) @) O ¢ Seating Plane

24X @0.4 Ball A1

4 3 2 1 / Ball A1

5
N v
/ s
, © O O O A C
o O O O O B e
OO0 00O |¢ d
1O O 0 0O |[» d
vy o © O O O E C
<1 Typ‘ OIZSM }‘7 Top View
B R N < > 1.1+0.1
h 60.1 "
Figure 37: DIP8(300mil) Package
Notes:

1. All dimensions are in millimeters.
2. Dimensions apply to solder balls post-reflow on &J0.35 SMD ball pads.

15. Revision History

The table below shows the revision history of this document.

Date Version | Revision

Feb 04, 2021 v1.0 NeuMem initial release.

16. Important Notice

This document is the property of NeuMem and its subsidiaries (the "Company"). This document, including any
product of the Company described in this document (the "Product”), is owned by the Company under the
intellectual property laws and treaties of the People’s Republic of China and other jurisdictions worldwide. The
Company reserves all rights under such laws and treaties and does not grant any license under its patents,
copyrights, trademarks, or other intellectual property rights. The names and brands of third party referred
thereto (if any) are the property of their respective owner and referred to for identification purposes only.

The Company makes no warranty of any kind, express or implied, with regard to this document or any Product,

including, but not limited to, the implied warranties of merchantability and fitness for a particular purpose. The
Company does not assume any liability arising out of the application or use of any Product described in this
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document. Any information provided in this document is provided only for reference purposes. It is the
responsibility of the user of this document to properly design, program, and test the functionality and safety of
any application made of this information and any resulting product. Except for customized products which have
been expressly identified in the applicable agreement, the Products are designed, developed, and/or
manufactured for ordinary business, industrial, personal, and/or household applications only. The Products are
not designed, intended, or authorized for use as components in systems designed or intended for the operation
of weapons, weapons systems, nuclear installations, atomic energy control instruments, combustion control
instruments, airplane or spaceship instruments, traffic signal instruments, life-support devices or systems, other
medical devices or systems (including resuscitation equipment and surgical implants), pollution control or
hazardous substances management, or other uses where the failure of the device or Product could cause
personal injury, death, property or environmental damage ("Unintended Uses"). Customers shall take any and
all actions to ensure using and selling the Products in accordance with the applicable laws and regulations. The
Company is not liable, in whole or in part, and customers shall and hereby do release the Company as well as its
suppliers and/or distributors from any claim, damage, or other liability arising from or related to all Unintended
Uses of the Products. Customers shall indemnify and hold the Company as well as its suppliers and/or
distributors harmless from and against all claims, costs, damages, and other liabilities, including claims for
personal injury or death, arising from or related to any Unintended Uses of the Products. Customers shall
discard the device according to the local environmental law.

Information in this document is provided solely in connection with the Products. The Company reserves the
right to make changes, corrections, modifications or improvements to this document and the Products and

services described herein at any time, without notice.
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