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16-Gbit, 4320-byte page, 3 V supply, multiplane
architecture, multilevel cell NAND flash memory

Features

m High density multilevel cell (MLC) flash

memory

— 16 Gbits of memory array

— Cost-effective solutions for mass storage
applications

NAND interface

— x8 bus width

— Multiplexed address/data

— Pin-out compatibility for all densities

Supply voltage

- Vpp =Vppg=2.71t03.6V

Page size: (4096 + 224 spare) bytes

Block size: (512K + 28K spare) bytes

Enhanced data throughput by multiplane

architecture

— Array split into two independent planes

— All operations performed on both planes
simultaneously

Page read/program

— Random access: 60 us (max)

— Page program operation time: 800 us (typ)

— Multiplane page program operation time:
800 us (typ)

Page serial access (data in/out): 25 ns

Copy-back program

— Fast page copy with/without external
buffering

— Multiplane copy back program

Fast block erase

— Block erase time: 2.5 ms (typ)

— Multiplane block erase time: 2.5 ms (typ)
Throughput improvement with cache program,

multiplane cache program, cache read,
multiplane cache read

Cache read: automatic block download without
latency time
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TSOP48 12 x 20 mm (N)

Rev 2

PSL (power on selection) for device
initialization

Status register

Electronic signature

Chip enable ‘don’t care’

Security features

— OTP area

— Serial number (unique ID) option

Data protection

— Hardware program/erase locked during
power transitions

Data integrity

— 5,000 program/erase cycles (with 12-
bit/512-byte ECC)

— b5 years data retention
ROHS compliant package
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NAND16GW3D2B Description

1 Description

The NAND16GW3D2B device, which provide the most cost-effective solution for the solid
state mass storage market, is offered with core power supply (Vpp) and input/output power
supply (Vppg) of 3.3 V. The device operates from a 3 V power supply.

The address lines are multiplexed with the data input/output signals on a multiplexed x8
input/output bus. This interface reduces the pin count and makes it possible to migrate to
other densities without changing the footprint.

The memory is divided into blocks that can be erased independently. It is possible,
therefore, to preserve valid data while old data are erased.

The 16-Gbit device includes 4096 blocks. Each block is composed by 128 pages consisting
of two NAND structures of 32 series connected flash cells. Every cell holds two bits.

The memory array is split into 2 planes. This multiplane architecture makes it possible to
program 2 pages at a time (one in each plane), to erase 2 blocks at a time (one in each
plane), or to read 2 pages at a time (one in each plane) dividing by two the average
program, erase, and read times.

The device has the Chip Enable 'don’t care’ feature, which allows the bus to be shared
between more than one memory at the same time, as Chip Enable transition during the
latency time do not stop the read operation. Program and erase operations can never be
interrupted by Chip Enable transition.

Commands, data and addresses are synchronously introduced using E, W, AL and CL input
pins. The on-chip program/erase controller automates all read, program and erase
operations including pulse repetition, where required, internal verification and margining of
data. The modify operations can be locked using the Write Protect input.

The open drain ready/busy output indicates the device’s status during each operation. In a
system made of multiple memories the ready/busy pins can be connected all together to
provide a system'’s status global indicator.

In addition to the enhanced architecture and interface, the device features the copy back
program function from one page to another without the need of moving data to and from the
external buffer memory. Since the time-consuming serial access and data input cycles are
removed, system performance is significantly increased.

The cache program feature allows data insertion in the cache register while the data register
is copied into the flash array. This pipelined program operation improves the program
throughput when long files are written inside the memory.

The cache read feature allows to dramatically improve read throughput when consecutive
pages have to be streamed out.

To further increase devices’ performance, the cache program and cache read features are
also supported in multiplane architecture.

Each block can be programmed and erased up to 5,000 cycles by providing 12-bit/512-byte
ECC (Error Correction Code) with real time mapping-out algorithm. The spare area must be
covered by ECC.
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The device comes with two security features:

® OTP (one time programmable) area, which is a restricted access area where sensitive
data/code can be stored permanently. The access sequence and further details about
this feature are subject to an NDA (non disclosure agreement)

® Serial number (unique identifier) option, which enables each device to be uniquely
identified. It is subject to an NDA and is, therefore, not described in the datasheet.

For more details about these security features, contact your nearest Numonyx sales office.

The NAND16GW3D2B is available in the TSOP48 12 mm x 20 mm package.

The device is shipped from the factory with block 0 always valid and the memory content
bits, in valid blocks, erased to ‘1.

Refer to Table 1 for a device summary and to Table 29: Ordering information scheme for
information on how to order these options.

Table 1. Device summary
Root part number Density Bus width Core power supply (Vpp) Package
NAND16GW3D2B 16 Gbits x8 27t03.6V TSOP48 12 mm x 20 mm
Figure 1. Logic block diagram
Address Jr
Mﬁ register/counter
@
©
AL —> § NAND flash
CL—™ Program/erase o memory array
W —> Command controller X
E —» interface ! high voltage —)
WP logic generator
R > _‘ I—bl Page buffer
PSL —>
Y decoder |‘—
_" Command register
w _b| Data register
Buffers
v
RB ! !
I/0
NI3079
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NAND16GW3D2B Description
Figure 2.  Logic diagram
th)D VDlDQ
=9 K— 1/00 - 1/07 x8
RO
W —Q
AL — NAND flash B
o RB
WP —Q
PSL —
Vls VS|SQ
NI3080
Table 2. Signal names
Signal Function Direction
1/00 - 1/07 Data inputs/outputs Inputs/outputs
CL Command Latch Enable Input
AL Address Latch Enable Input
E Chip Enable Input
R Read Enable Input
W Write Enable Input
wpP Write Protect Input
PSL Power on selection Input
RB Ready/Busy (open drain output) Output
Vop Power supply Power supply
Vbpo Input/output power supply Power supply
Vss Ground Ground
Vsso Input/output ground Ground
NC No connection -
N numonyx 9/79




Description

NAND16GW3D2B

Figure 3. TSOP48 connections

NC @ ,\‘ 48 NC
NC —1 NC
NC —1 NC
NC —1 NC
NC 1 1/07
NC 1 1/06
RB —11/05
R = —11/04

E —1 NC
NC = 1 PSL
NC 1 NC
Vpp 412 NAND flash 37 —Vpp
Vgg 413 36 —Vss
NC = —1 NC
NC = —1NC
CL = —INC
AL = 1 1/03
w —11/02
WP —11/01
NC = —11/00
NC = —1 NC
NC = —1NC
NC 1 NC
NC 24 l\l 253 NC

Al13633b
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NAND16GW3D2B Memory array organization

2 Memory array organization

The memory array is comprised of NAND structures consisting of 32 cells connected in
series.

It is organized in 4096 blocks. Each block contains 128 pages. The array is split into two
areas, the main area and the spare area. The main area of the array stores data, whereas
the spare area typically stores software flags or bad block identification.

The pages are split into a 4096-byte main area and a spare area of 224 bytes. Refer to
Figure 4: Memory array organization.

Figure 4. Memory array organization

x8 bus width
Block = 128 pages
Page = 4320 bytes (4096+224)

First plane Second plane
el
e
i
e\
,6(8
0
Main area Main area
Block —»]
page

8 bits
<—— 4096 bytes ——¥ > <— 4096 bytes —»> —

bytes by%es
A)uﬁer 4320 bytes//gebuffer 4320 bytes/
4096 bytes |by% 4096 bytes |by%es 8 blts

2 page buffer, 2x 4320 bytes

NI3083
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Table 3.  Address insertion
Bus cycle 1107 1106 /05 1104 /03 1102 /01 1/00
18t A7 A6 A5 A4 A3 A2 Al AO
2nd Vi Vi Vi A12 A1l A10 A9 A8
3rd A20 A19 A18 AL7 A16 A15 Ald A13
4™ A28 A27 A26 A25 A24 A23 A22 A21
5t ViL ViL Vi A A A31 A30 A29

1. Any additional address input cycles are ignored.

Table 4. Address definitions
Address Definition
AO - A12 Column address
Al13 - A19 Page address
A20 Plane address
A21 - A31 Block address in each plane
2.1 Bad blocks
The NAND16GW3D2B device may contain bad blocks, where the reliability of blocks that
contain one or more invalid bits is not guaranteed. Additional bad blocks may develop during
the lifetime of the device.
The bad block information is written prior to shipping (refer to Section 10.1: Bad block
management for more details).
Table 5: Valid blocks shows the minimum number of valid blocks. The values shown include
both the bad blocks that are present when the device is shipped and the bad blocks that
could develop later on.
These blocks need to be managed using bad blocks management and block replacement
(refer to Section 10: Software algorithms).
Table 5. Valid blocks
Density of device Minimum Maximum
16 Ghits 3996 4096
12/79 AN numonyx




NAND16GW3D2B Signals description

3

3.1

3.2

3.3

3.4

3.5

3.6

N numonyx

Signals description

See Figure 1: Logic block diagram, and Table 2: Signal names for a brief overview of the
signals connected to this device.

Data inputs/outputs (I/00-1/07)

Inputs/outputs 0 to 7 are used to input the selected command, address or data, output the
data during read or program operations. The inputs are latched on the rising edge of Write
Enable (W). I/0O0-1/07 are left floating when the device is deselected or the outputs are
disabled.

Address Latch Enable (AL)

The Address Latch Enable activates the latching of the address inputs in the command
interface. When AL is High, the inputs are latched on the rising edge of Write Enable (W).

Command Latch Enable (CL)

The Command Latch Enable activates the latching of the command inputs in the command
interface. When CL is High, the inputs are latched on the rising edge of Write Enable (W).

Chip Enable (E)

The Chip Enable input activates the memory control logic, input buffers, decoders and
sense amplifiers. When Chip Enable is Low, V|, the device is selected. If Chip Enable goes
High, V|4, while the device is busy, the device remains selected and does not go into
standby mode.

Read Enable (R)

The Read Enable pin, R, controls the sequential data output during read operations. Data is
valid tg gy after the falling edge of R. The falling edge of R also increments the internal
column address counter by one.

Write Enable (W)

The Write Enable input, W, controls writing to the command interface, input address, and
data latches. Both addresses and data are latched on the rising edge of Write Enable.

During power-on and power-off a recovery time of 10 us (min) is required before the
command interface is ready to accept a command. It is recommended to keep Write Enable
High during the recovery time.
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Write Protect (WP)

The Write Protect pin is an input that gives a hardware protection against unwanted program
or erase operations. When Write Protect is Low, V,, the device does not accept any
program or erase operations.

It is recommended to keep the Write Protect pin Low, V,, during power-on and power-off.

Ready/Busy (RB)

The Ready/Busy output, RB, is an open-drain output that can identify if the P/E/R controller
is currently active.

When Ready/Busy is Low, Vg, a read, program or erase operation is in progress. When the
operation completes, Ready/Busy goes High, Vou.

The use of an open-drain output allows the Ready/Busy pins from several memories to be
connected to a single pull-up resistor. A Low indicates that one, or more, of the memories is
busy.

During power-on and power-off a minimum recovery time of 10 us is required before the
command interface is ready to accept a command. During this period the Ready/Busy signal
is Low, VOL'

Refer to Section 13.1: Ready/Busy signal electrical characteristics for details on how to
calculate the value of the pull-up resistor.

Power on selection (PSL)

The power on selection pin is used to select whether the device initialization will occur
during the device’s power-on or during the first reset.

Vpp supply voltage

Vpp provides the power supply to the internal core of the memory device. It is the main
power supply for all operations (read, write and erase).

Vppg supply voltage

Vppg provides the power supply to the I/O pins and enables all outputs to be powered
independently from Vpp.

Vgg ground

Vgg ground is the reference for the core power supply. It must be connected to the system
ground.
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VSSQ ground

Vssq ground is the reference for the input/output circuitry driven by Vppq. Vsgg must be
connected to Vgg.

Vppg and Vpp, Vssg and Vgg must be respectively shorted together at any time. Each
device in a system should have Vpp decoupled with a 0.1 pF capacitor.

All the Vpp, Vppg, Vss and Vggq pins must be connected to the common power supply
outputs.

The PCB track widths should be sufficient to carry the required program and erase currents.
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Bus operations

There are six standard bus operations that control the device. These are command input,
address input, data input, data output, write protect and standby. See Table 6: Bus
operations for a summary.

Typically, glitches of less than 5 ns on Write Enable or Read Enable are ignored by the
memory and do not affect bus operations.

Command input

Command input bus operations give commands to the memory. Commands are accepted
when Chip Enable is Low, Command Latch Enable is High, Address Latch Enable is Low
and Read Enable is High. They are latched on the rising edge of the Write Enable signal.
Moreover, for commands that start a modify operation (write or erase), the Write Protect pin
must be High.

Only 1/00 to 1/07 are used to input commands.

See Figure 37: Command Latch AC waveforms and Table 26: AC characteristics for
command, address, data input for details of the timings requirements.

Address input

Address input bus operations input the memory addresses. Five bus cycles are required to
input the addresses. The addresses are accepted when Chip Enable is Low, Address Latch
Enable is High, Command Latch Enable is Low and Read Enable is High. They are latched
on the rising edge of the Write Enable signal. Moreover, for commands that start a modify
operation (write or erase), the Write Protect pin must be High.

Only I/00 to I/O7 are used to input addresses.

See Figure 38: Address Latch AC waveforms and Table 26: AC characteristics for
command, address, data input for details of the timings requirements.

Data input

Data input bus operations input the data to be programmed. Data is only accepted when
Chip Enable is Low, Address Latch Enable is Low, Command Latch Enable is Low, Read
Enable is High and Write Protect is High. The data is latched on the rising edge of the Write
Enable signal. The data is input sequentially using the Write Enable signal.

See Figure 39: Data Input Latch AC waveforms and Table 26: AC characteristics for
command, address, data input for details of the timing requirements.

Data output

Data output bus operations read the data in the memory array, the status register, the
electronic signature, and the unique identifier.

AN numonyx




NAND16GW3D2B

Bus operations

4.5

4.6

AN numonyx

Data is output when Chip Enable is Low, Write Enable is High, Address Latch Enable is Low,
and Command Latch Enable is Low.

The data is output sequentially using the Read Enable signal.

If the Read Enable pulse frequency is lower than 33 MHz (tg, g, higher than 30 ns), the
output data is latched on the rising edge of Read Enable signal (see Figure 41: Sequential
data output after read AC waveforms).

For higher frequencies (g g lower than 30 ns), the extended data out (EDO) mode must be
considered. In this mode, data output is valid on the input/output bus for a time of tg ox after
the falling edge of Read Enable signal (see Figure 40: Sequential data output after read AC
waveforms in EDO mode).

See figures 40, 41, Figure 42: Read Status Register AC waveforms, Figure 5: Page read
operation, Table 26: AC characteristics for command, address, data input and Table 27: AC
characteristics for operations, for details on the timings requirements.

Write protect

Write protect bus operations protect the memory against program or erase operations.
When the Write Protect signal is Low the device does not accept program or erase
operations, therefore, the contents of the memory array cannot be altered. The Write Protect
signal is not latched by Write Enable to ensure protection, even during power-on (refer to
Section 9: Write protect operation for further details).

Standby

The memory enters standby mode by holding Chip Enable, E, High for at least 10 ps. In
standby mode, the device is deselected, outputs are disabled and power consumption is
reduced.

Table 6. Bus operations

Bus operation E | AL | CL R W WP psL®
Command input (read mode) | V. | ViL | Vv V4 Rising X 0 VIVppg/NC
Command input (write mode) | V,_ Vi | VK ViH Rising ViH 0 VIVppg/NC

Address input (read mode) | V. | Vim | Vi V4 Rising X 0 VIVppg/NC
Address input (write mode) | V. | Vi VL ViH Rising ViH 0 VIVppg/NC
Data input Vie | Vie | ViL V4 Rising \m 0 VIVppg/NC

Data output Vi@l v | v | Falling | vy X 0 V/Vppo/NC

During read (busy) Vie | Vie | VL V4 V4 X 0 VIVppg/NC
During program (busy) X X X X X ViH 0 VIVppg/NC
During erase (busy) X X X X X V4 0 VIVppg/NC
Write protect X X X X X Vi 0 VIVppg/NC
Standby ViH X X X X 0VNppg| 0VINppg/NC

PSL must be tied to either 0 V or Vpp, or left unconnected (NC)

As the devices are Chip Enable don't care, Chip Enable High during the latency time does not stop read
operations.
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5 Command set

All bus write operations to the memory are interpreted by the command interface. The
commands are input on 1/00-1/07 and are latched on the rising edge of Write Enable when
the Command Latch Enable signal is High. Device operations are selected by writing
specific commands to the command register. The two-step command sequences for
program and erase operations are imposed to maximize data security.

The commands are summarized in Table 7: Command set.

Table 7. Command set
Acceptable
Function 1st cycle | 2nd cycle | 3rd cycle | 4th cycle | command during
busy
Page Read
00h 30h
Single Plane Cache Read (start)
Multiplane Page Read 60h 60h 30h
Multiplane Cache Read (start) 60h 60h 33h
Single/Multiplane Cache Read 31h
Single/Multiplane Cache Read (end) 3Fh
Read for Copy Back 00h 35h
Read ID 90h
Page Program (start)
80h 10h
Cache Program (end)
Multiplane Page Program
80h 11h 81h 10h
Multiplane Cache Program (end)
Cache Program (start) 80h 15h
Multiplane Cache Program (start) 80h 11h 81h 15h
Copy Back Program 85h 10h
Multiplane Copy Back Program 85h 11h 81h 10h
Multiplane Copy Back Read 60h 60h 35h
Block Erase 60h DOh
Multiplane Block Erase 60h 60h DOh
Read Status Register 70h Yes
Multiplane Read Status Register Flh Yes
Random Data Input 85h
Random Data Output 05h EOh
Multiplane Random Data Output 00h 05h EOh
Reset FFh Yes
18/79 N numonyx
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Device operations

Single plane operations

Page read

The page read operation is started by issuing the Page Read command (00h) followed by
five address input cycles, and then by a Confirm command (30h). Consecutive read
operations require the Page Read command to be issued to read from the second page
onwards.

Once a Read command is issued, two types of read operations are available: random read
and sequential page read. The random read mode is enabled when the page address is
changed, in all the other cases the sequential page read is enabled.

After the first random read access, the 4320 bytes of data in the selected page are
transferred to the data registers in a time of tyngy (refer to Table 27: AC characteristics for
operations for value). The system controller detects the completion of the data transfer by
either analyzing the output of the Ready/Busy signal, or issuing the Read Status Register
commands (70h or F1h) or monitoring 106 (Ready/Busy) through the Read Enable toggling.
In this latter case, the device will output the Read Status until the command 00h is issued.

Once the transfer is complete, the data can then be read out sequentially (from the selected
column address to the last column address) by pulsing the Read Enable signal (see
Figure 5: Page read operation) every tg g, (25 ns).

The device can output random data in a page, instead of the consecutive sequential data, by
issuing a Random Data Output command. The sequential operation can be resumed by
changing the column address of the next data to be output, to the address which follows the
Random Data Output command. The Random Data Output command can be issued as
many times as required within a page.

At power-on the device defaults to page read only if PSL is tied to Vggs/Vggq or left floating.
For further information refer to Section 8: Power-on sequence and PSL handling.
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Figure 5. Page read operation
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Figure 6. Random data output
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6.1.2 Page program

N numonyx

The page program operation is the standard operation to program data to the memory array.
Within a given block, the pages must be programmed sequentially. Only one partial page
program operation is allowed on the same page (see Table 20: Busy times).

A page program cycle consists of a serial data loading period, in which up to 4320 bytes of
data can be loaded into the data register, followed by a non-volatile programming period
where loaded data is programmed in the memory array. The serial data loading period starts
by issuing the Serial Data Input command (80h), followed by five cycle address inputs and
serial data.

The Page Program Confirm command (10h) starts the programming process (provided that
the serial data is already entered). The internal write state controller automatically executes
the algorithms and timings needed to program and verify, thus leaving the system controller
free for other tasks. Once the program process starts, the Read Status Register command
can be entered to read the status register.

The system controller detects the completion of a program cycle by either analyzing the
output of the Ready/Busy signal, or of the Status Register bit /06 (ready/busy bit).

During the page program operation, only the Read Status Register and Reset commands
are accepted; all other commands are ignored. When the page program is complete, The
write status bit 1/00 (pass/fail bit) can be checked. During page program operations the
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status register only flags errors for bits set to ‘1’ that have not been successfully
programmed to ‘0.

The device remains in read status register mode until another valid command is written to
the command register. Figure 6.1.3: Block erase details the command sequence.

If the program operation is interrupted by either a power-off or a reset operation, the block
data is no longer valid, as the program algorithm was not executed entirely.

Moreover, when a program operation is abnormally aborted (such as during a power-off),
the page data under program data as well as the paired page data may be damaged (refer
to Table 8: Paired page address information).

The device supports random data input within a page. The column address of next data can
be changed to the address which follows Random Data Input command (85h). The Random
Data Input command can be issued as many times as required within a page.

Figure 7. Page program operation
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Table 8. Paired page address information
Paired page address Paired page address
00h 04h 01h 05h
02h 08h 03h 09h
06h 0Ch 07h 0Dh
0Ah 10h 0Bh 11h
OEh 14h OFh 15h
12h 18h 13h 19h
16h 1Ch 17h 1Dh
1Ah 20h 1Bh 21h
1Eh 24h 1Fh 25h
22h 28h 23h 29h
26h 2Ch 27h 2Dh
2Ah 30h 2Bh 31h
2Eh 34h 2Fh 35h
32h 38h 33h 39h
36h 3Ch 37h 3Dh
3Ah 40h 3Bh 41h
3Eh 44h 3Fh 45h
42h 48h 43h 49h
46h 4Ch 47h 4Dh
4Ah 50h 4Bh 51h
4Eh 54h 4Fh 55h
52h 58h 53h 59h
56h 5Ch 57h 5Dh
5Ah 60h 5Bh 61h
5Eh 64h 5Fh 65h
62h 68h 63h 69h
66h 6Ch 67h 6Dh
6Ah 70h 6Bh 71h
6Eh 74h 6Fh 75h
72h 78h 73h 79h
76h 7Ch 77h 7Dh
7Ah 7Eh 7Bh 7Fh

AN numonyx
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6.1.3

24/79

Block erase

Erase operations are done one block at a time. An erase operation sets all of the bits in the
addressed block to ‘1'. All previous data in the block is lost.

An erase operation consists of three steps (refer to Figure 8: Block erase operation):

1. One bus cycle is required to setup the Block Erase command (60h).

2. Three bus cycles are then required to load the address of the block to be erased. Refer
to Table 4: Address definitions for the block addresses of each device. Only addresses
A20 to A31 are valid while the addresses A13 to A19 are ignored

3. One bus cycle is required to issue the Block Erase Confirm command (DOh) to start the
P/E/R controller.

The erase operation is initiated on the rising edge of Write Enable, W, after the Block Erase
Confirm command is issued. The P/E/R controller handles block erase and implements the
verify process.

During the block erase operation, only the Read Status Register and Reset commands are
accepted; all other commands are ignored.

The system controller detects the completion of a erase operation by either analyzing the
output of the Ready/Busy signal, or the Status Register bit 1/06 (ready/busy bit).

If the operation completes successfully, the write status bit I/O0 is ‘0", otherwise it is set to ‘1’
(refer to Section 6.3: Reset).

If the erase operation is interrupted by either a power-off or a reset operation, the block data
is no longer valid, as the erase algorithm was not executed entirely.
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Figure 8. Block erase operation
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6.1.4 Copy back program
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The copy-back program with read for copy-back operation allows to quickly and efficiently
rewrite data stored in one page without data reloading when the bit error is not in data
stored.

Since the time-consuming re-loading cycles are removed, the system performance is
improved. The benefit is evident when a portion of a block is updated and the rest of the
block also needs to be copied to the newly-assigned free block.

The copy-back operation is a sequential execution of a read for copy-back and a copy back
program followed by the destination page address. A read operation with a 35h command
and the address of the source page moves the entire 4320 bytes into the internal data
buffer.

When the device returns to the ready state (RB High), optional readout of data is allowed by
pulsing R to check ECC (see Figure 10: Copy back program operation (with readout of
data)).

The next bus write cycle of the command is given to input the target page address. If there is
not a bit error data do not need to be reloaded. The next bus write cycle of the command is
given to input the target address (85h).

Once the copy back program process starts, the Read Status Register command (70h) may
be issued to read the status register. The system controller can detect the completion of a
program cycle by monitoring the Ready/Busy output, or the status bit (1/06) of the status
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register (commands 70h or F1h). When the copy back program is complete, the write status
bit (I/00) can be checked. The command register remains in read status command mode
until another valid command is written to the command register. During the copy back
program, data modification is allowed by using the Random Data Input command (85h) as
shown in Figure 11: Copy back program operation with random data input.

The copy back program operation is only allowed within the same memory plane.

Figure 9. Copy back program operation (without readout of data)
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Figure 10. Copy back program operation (with readout of data)
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Figure 11. Copy back program operation with random data input
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6.1.5 Copy-back program with data out/data in interleaving

The NAND16GW3D2B device allows interleaving of data out and data in during copy back
through an extended usage of random data out (05h-EOh) and copy back program setup
(85h) commands. Refer to Figure 12 for the sequence.

Figure 12. Data in/data out interleaving during copy back program operation

110 @@ Address Data out Address X Data in )_..

A0-A12 = Valid Data serial output A0-A12 = Valid Data serial input
1 up to 4320 bytes A13-A10 = fixed 'Low 1 up to 4320 bytes
A20 = Valid

tWHBH A21-A31 = fixed 'Low
RB .

/10 -- <05hx Address Data out Address X Data in

A0-A12 = Valid Data serial output A0-A12 = Valid Data serial input
1 up to 4320 bytes A13-A19 = Valig 1 upto 4320 bytes

A20 = Valid
A21-A31 = Valid

tBLBHS
RB

NI3152D

N numonyx 27179




Device operations NAND16GW3D2B

6.1.6 Cache read

The cache read operation is an extension of the page read, which is an operation available
only within a block. Since the device has one cache register, serial data output can be
executed while data in the memory is read into data register.

The cache read operation starts with the page read sequence (00h-30h).

Once the random access to the first page is complete (Ready/Busy signal goes High), the
Cache Read command (31h) is latched into the command register. At this time, data of the
first page is transferred from the data register to the cache register, while device goes busy
for a short time (tg| gH6)-

At the end of this phase cache register data can be output by toggling the Read Enable
signal while the next page is read from the memory array into data register.

Subsequent pages are read by issuing additional 31h command sequences.

If the serial data output time of one page exceeds random access time (typgH), the random
access time of the next page is hidden by data downloading of the previous page.

On the other hand, if 31h is issued prior to complete the random access to the next page,
the device will stay busy as long as needed to complete random access to this page,
transfer its contents into the cache register, and trigger the random access to the following
page.

To terminate the cache read operation, the 3Fh command must be issued. This command
transfer data from data register to the cache register without issuing next page read.

During the cache read operation, all commands are forbidden except 31h, 3Fh, Read Status
Register or Reset (FFh).

To carry out other operations the cache read operation must be ended by issuing the Cache
Read End command (3Fh) or by resetting the device with a Reset command (FFh).

Note: 31h and 3Fh commands reset the column counter, thus when Read Enable (R) is toggled to
output the data of a given page, the first output data is related to the first byte of the page
(column address 00h). Random Data Output command can be used to switch the column
address.

The Read Status Register command (70h) can be issued to check the status of the different
registers, and the ready/busy status of cache read operations. In particular:

1. The cache busy status bit I/O6 indicates when the cache register is ready to output new
data

2. The status bit I/O5 is used to determine when the cell reading of the current data
register contents is complete

Refer to Table 12: Multiplane read status register bits (cached operations) and Figure 13:
Cache read operation for more details.
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Figure 13. Cache read operation
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6.1.7

30/79

Cache program

The cache program operation is an extension of the standard page program, which is an
operation executed with two 4,320-byte registers, data and the cache register.

The cache program operation allows data insertion in one page while program of another
page is under execution.

The cache program operation is available only within a block.

Once the Serial Data Input command (80h) is loaded to the command register, followed by 5
address cycles, a full or partial page of data is latched into the cache register.

When the Cache Write command (15h) is loaded to the command register, the data in the
cache register is transferred into the data register for cell programming. At this time the
device remains in busy state for a short time (tg gy7)- After all data of the cache register is
transferred into the data register, the device returns to ready state, and allows loading next
data into the cache register through another cache program command sequence (80h-15h).

The busy time following the first sequence (80h — 15h) equals the time needed to transfer
the data of the cache register to the data register. Cell programming of this data and loading
of the next data into the cache register is consequently processed through a pipeline model.

In case of any subsequent sequence (80h-15h), the transfer from cache register to data
register is held off until cell programming of current data register contents is complete; till
this moment the device will stay in a busy state (tg| gH7)-

The Read Status Register command (70h) can be issued to check the status of the different
registers, and the pass/fail status of the cached program operations. In particular:

1. The cache busy status bit /06 indicates when the cache register is ready to accept
new data

2. The status bit I/O5 indicates when the cell programming of the current data register
contents is complete

3. The cache program error bit /01 is used to identify if the previous page (page N-1) has
been successfully programmed or not in cache program operation. The latter can be
polled upon 1/06 status bit changing to ‘1'.

4. The error bit /00 is used to identify if any error has been detected by the
program/erase controller while programming page N. The latter can be polled upon
I/O5 status bit changing to ‘1. I/O1 can be read together with I/O0.

If the system monitors the progress of the operation only with the Ready/Busy signal, the
last page of the target program sequence must be programmed with the Page Program
Confirm command (10h). If the Cache Program command (15h) is used instead, the status
bit 1/05 must be polled to find out if the last programming is finished before starting any
other operation.

Refer to Table 12: Multiplane read status register bits (cached operations) and Figure 14:
Cache program operation for more details.
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Figure 14. Cache program operation
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6.2

6.2.1

32/79

Multiplane operations

Multiplane page read

The multiplane page read operation is an extension of a page read operation for a single
plane. Since the device is equipped with two memory planes, a random read operation of
two pages (one for each plane) is enabled by activating two sets of 4320-byte page registers
(one for each plane). The multiplane page read operation is initiated by repeating twice the
command 60h followed by three address cycles, and then by a Read Confirm command
(30h). In this case only the same page of the same block can be selected from each plane,
as shown in Figure 15: Multiplane page read operation with random data output.

After the Read Confirm command (30h) the 8640 bytes of data within the selected two
pages are transferred to the data registers in a time of t,ygy. The system controller detects
the completion of data transfer by either analyzing the output of the Ready/Busy signal, or
issuing the Read Status Register commands (70h or F1h) or monitoring 106 (Ready/Busy)
through the Read Enable toggling. In this latter case, the device will output the Read Status
until the command 00h is issued.

Once the data is loaded into the data registers, the data of first plane can be read by issuing
the command 00h with five address cycles (A20 = Low), followed by the command 05h with
two column addresses an then by the command EOh. The data of the second plane can be
read using the same command sequence as above, except for A20 = High in the five
address cycles.

The multiplane page read operation is also allowed in blocks that have not been
programmed with a multiplane page program operation.
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Figure 15. Multiplane page read operation with random data output
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6.2.2
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Multiplane page program

The NAND16GW3D2B device supports multiplane page program, that allows the
programming of two pages in parallel, one in each plane.

A multiplane page program operation consists of two steps:

1. Loading of up to two pages of data (8640 bytes) into the data register. The related
command sequence is described below:

—  One clock cycle to set up the Serial Data Input command (80h)

—  Five bus write cycles to input the first page address and data. The address of the
first page must be within the first plane (A20 = Low)

— One bus write cycle to issue the dummy page program confirm command (11h).
After this the device is busy for a time of tg, gys5

— When the device returns to the ready state (ready/busy high), a multiplane page
program setup code (81h) must be issued, followed by the second page address
(5 write cycles) and its serial data input. The address of the second page must be
within the second plane (A20 = High), and A19 to A13 must be the address bits
loaded during the first address insertion

2. Parallel programming of the two pages of data from the data buffer into the appropriate
memory pages. It is started by issuing a Program Confirm command (10h).

Once the multiplane page program operation has started, the status register can be read
using the Read Status Register commands (70h or F1h). If the 70h command is used, the
status register provides a global information about the operation in both planes (1/06 =
ready/busy, I/O0 = pass/fail). If the F1h is used, the status register provides information
about the operation in each plane (/00 = global pass/fail, 1/01 = first plane pass/fail; /102 =
second plane pass/fail).

Only Reset (FFh) or Status Register commands (70h, F1h) can be issued during the busy
time tBLBHS'

If the multiplane program operation is interrupted by either a power-off or a reset operation,
data in the selected pages as well as data in the respective paired pages (refer to Table 8:
Paired page address information) is no longer valid, as the program algorithm was not
executed entirely.

The multiplane page program sequence is shown in Figure 16: Multiplane page program
operation.

The device supports random data input during both data loading phases, according to the
command sequence described in Section 6.1.2: Page program.

Address limitation applies to multiplane page program operations: page and block address
for the pages in the two planes must be the same, as described in Figure 16: Multiplane
page program operation.
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Figure 16. Multiplane page program operation
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1. No command between 11h and 81h is permitted except 70h and FFh.

Figure 17. Random data input during sequential data input
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6.2.3
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Multiplane erase

The multiplane erase operation allows to erase two blocks in parallel, one in each plane
(refer to Figure 18: Multiplane erase operation for details of the sequence).

The Block Erase Setup command (60h) must be issued two times, each time followed by the
1st and 2nd block address cycles (3 cycles for each time). As for block erase operation, the
Erase Confirm command (DOh) starts this operation. No dummy busy time is required
between the first and second block address cycles insertion.

Address limitation applies to multiplane erase: block address for the two planes must be the
same.

The multiplane erase operation status can be checked by the Ready/Busy signal or by using
the Read Status Register commands (70h or F1h). If the 70h command is used, the status
register provides a global information about the operation in both planes (I/06 = ready/busy,
I/00 = pass/fail). If the F1h is used, the status register provides information about the
operation in each plane (/00 = global pass/fail, 1/01 = first plane pass/fail; /02 = second
plane pass/fail).

If the multiplane erase operation is interrupted by either a power-off or a reset operation,
data in the selected blocks is no longer valid, as the erase algorithm was not executed
entirely.
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Figure 18. Multiplane erase operation
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Block Erase Block Erase Erase Confirm \ ------------ / Read Status
Setup command 1 Setup command 2 command Busy Register command

1/01=0 successful erase in first plane
1/01=1 error in first plane

1/02=0 successful erase in second plane
1/02=1 error in second plane

ail4275E
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6.2.4
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Multiplane copy back program

The multiplane copy back program is an extension of the copy back program for a single
plane with 4,320 byte page registers. Since the device is equipped with two memory planes,
activating the two sets of 4,320 byte page registers enables a simultaneous programming of
two pages. The operation consists of two steps:

1. The multiplane read for copy back, where the selection of the source pages occurs by
issuing:
a) the command 60h followed by three address cycles of the source page in the first
block (A20 = Low)

b) the command 60h followed by three address cycles of the source page in the
second block (A20 = High)

Page and block addresses in the two planes must be the same.
After the Read Confirm command (35h) the 8,640 bytes of data within the selected two
pages are transferred to the data registers in a time of tyyngn-

The system controller detects the completion of this data transfer by either checking the
Ready/Busy signal, or issuing the Read Status Register commands (70h or F1h), or
monitoring NO6 (ready/busy) through the Read Enable toggling.

In the latter case, the device will output the read status until another valid command is
written to the command register. Once the data is loaded into the data registers, the
data output of the first plane can be read out by issuing the command 00h followed by
five address cycles (with A20 = Low), the command 05h with two column address, and
then the command EOh. The data output of the second plane can be read out using the
identical command sequence (this time with A20 = High). Data do not need to be
reloaded if there is not a bit error.

2. The multiplane copy back program. The operation starts by issuing the Page Copy
Data Input command (85h) followed by five cycle address cycles for the destination
page in the first plane. The address for this page must be within thelst plane
(A20 = Low). The device supports random data input exactly as the page program
operation. The dummy Page Program Confirm command (11h) stops the 1st page data
input and the device becomes busy for a short time (tg gys)-

Once the device becomes ready again, 81h command must be issued, followed by the
2nd page address (5 cycles). Address for this page must be within the 2nd plane

(A 20 =1). Again, random data input is allowed during this phase. The Program
Confirm command (10h) starts the parallel programming of both pages.

The multiplane copy back program operation status can be checked by the Ready/Busy
signal or by using the Read Status Register commands (70h or F1h). If the 70h command is
used, the status register provides a global information about the operation in both planes
(I/06 = ready/busy, /00 = pass/fail). If the F1h is used, the status register provides
information about the operation in each plane (I/O0 = global pass/fail, /01 = first plane
pass/fail; /02 = second plane pass/fail).

Any command between 11h and 81h is prohibited except 70h, F1h and FFh.

Status register commands can be issued during tg| g5 (refer to Section 6.3: Reset for
further information).

If the multiplane copy back program operation is interrupted by either a power-off or a reset
operation, data in the selected pages as well as data in the respective paired pages is no
longer valid, as the program algorithm was not executed entirely.
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Figure 19: Multiplane copy back program operation shows the details of the command
sequence for the multiplane copy back program operation when controllers handle 8 Kbytes
of data. In this case, the multiplane copy back program sequence 85h is issued after random
data output of the source pages is complete.

Figure 19. Multiplane copy back program operation
tWHBH
RB -
Bsz
Address Address
o (son) o 5 e =" s
Row add: 1,2,3 Row add: 1,2,3
A13-A19 = fixed 'Low' A13-A19 = Valid
A20 = fixed 'Low' A20 = fixed 'High'
A21-A31 = fixed 'Low' A21-A31 = Valid

. Address Address Data
/o @ (5 cycles) @ (2 cycles) @ output o
Col add: 1,2 & Row add: 1,2,3 Col add: 1,2
A0-A12 = fixed 'Low' A0-A12 = Valid

A13-A19 = fixed 'Low’'

A21-A31 = fixed 'Low'

A20 = fixed 'Low'

s Address Address Data
o @ (5 cycles) @ (2 cycles) @ output 0
Col add: 1,2 & Row add: 1,2,3 Col add: 1,2

AO0-A12 = fixed 'Low' AO0-A12 = Valid
A13-A19 = fixed 'Low'

A21-A31 = fixed 'Low'

A20 = fixed 'High'

tBLBH5 tBLBH2

O  ama Address Address
(5 cycles) (5 cycles)

Col add: 1,2 & Row add: 1,2,3 Col add: 1,2 & Row add: 1,2,3 1/01 = 0 Successful program in first plane
Destination address Destination address 1/01 = 1 Error in first plane
A0-A12 = fixed 'Low' A0-A12 = fixed 'Low' 1/02 = 0 Successful program in second plane
A13-A19 = fixed 'Low’ A13-A19 = Valid 1/02 = 1 Error in second plane
A20 = fixed 'Low' A20 = fixed 'High'
A21-A31= fixed 'Low' A21-A31 = Valid

ai14298E
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Figure 20. Multiplane copy back program operation with random data input

tWHBH
RB .
Busy
Address Address
1o @ (3 cycles) @ (3 cycles) 35h 0T
Row add: 1,2,3 Row add: 1,2,3
A13-A19 = fixed 'Low' A13-A19 = Valid
A20 = fixed 'Low' A20 = fixed 'High'
A21-A31= fixed 'Low' A21-A31 = Valid
RB =--- -
. Address Address Data
1o @ (5 cycles) @ (2 cycles) @ output 0
Col add: 1,2 & Row add: 1,2,3 Col add: 1,2
A0-A12 = fixed 'Low' A0-A12 = Valid
A13-A19 = fixed 'Low'
A20 = fixed 'Low'
A21-A31 = fixed 'Low'
RB =--- -

o -—) @ eV
(5 cycles) (2 cycles) output --
Col add: 1,2 & Row add: 1,2,3 Col add: 1,2
A0-A12 = fixed 'Low' A0-A12 = Valid
A13-A19 = fixed 'Low'
A20 = fixed 'High'
A21-A31 = fixed 'Low

tBLBH5

o -- .(é%?,fgfgg))—( Data >—.—< ) >—< Data )—@ .
Col add: 1,2 & Row add: 1,2,3 Col add: 1,2
Destination address
A0-A12 = Valid
A13-A19 = fixed 'Low'
A20 = fixed 'Low'
A21-A31 = fixed 'Low'

tBLBH2

o - Tieg) )—{(pata )—{Es— £ Fien )—{ oata )—{101)
Col add: 1,2 & Row add: 1,2,3 Col add: 1,2
Destination address
A0-A12 = Valid
A13-A19 = Valid
A20 = fixed 'High'
A21-A31 = Valid

ail4299E
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Figure 21. Multiplane copy back program operation

tWHBH @
RB 1 /

Busy

Row addr. Row addr.

Vo @ (3 cycles) @ (3 cycles) 35h -
A13-A19 = fixed 'Low' A13-A19 = Valid

A20 = fixed 'Low' A20 = fixed 'High'
A21-A31 = fixed 'Low' A21-A31 = Valid

RE ---
Address Col. addr,
Vo -- @ (5 cycles) @ (2 cycles) @ Data output .

A0-A12 = fixed 'Low' A0-A12 = Valid
A13-A19 = fixed 'Low
A20 = fixed 'Low'
A21-A31 = fixed 'Low

Address Col. addr.
1o == @ (5 cycles) @ (2 cycles) @ Data output T
A0-A12 = fixed 'Low' A0-A12 = Valid
A13-A19 = fixed 'Low
A20 = fixed 'High'
A21-A31 = fixed 'Low'

© o o W i

Address Col. addr. Data
10 - —~{ash— 6 5died) y— i ) Eorcies) — B (1" -
A0-A12 = Valid A0-A12 = Valid
A13-A19 = fixed 'Low'
A20 = fixed 'Low'

A21-A31 = fixed 'Low'

ez | (&)
—\

Address Col. addr. Data
o - @ (5 cycles) m @ (2 cycles) input 10h
A0-A12 = Valid AO0-A12 = Valid
A13-A19 = Valid
A20 = fixed 'High'
A21-A31 = Valid

Plane 1 Plane 2 iD Plane 1 Plane 2
|:=| |:|=|

NI3097D

©) @[
buff
e S ==  *=—=10®

6.2.5 Multiplane copy back program with 4-Kbyte host data buffer
compatibility

The devices are made of 4-Kbyte pages and can support two-plane program operation. The
internal RAM requirement for a controller is 8 Kbytes, but for controllers which support a
RAM of less than 8 Kbytes, the sequence shown in Figure 22 can be used for two-plane
copy back program operation.

In this case the random data input in each plane is started right after finishing the random
data output of that plane.
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Figure 22. Multiplane copy back program sequence with 4-Kbyte host data buffer compatibility

tWHBH @
RB 1 /

BL;sy
Row addr. Row addr.
o —{eon—~Ee e I~ Eaass )
A13-A19 = fixed 'Low' A13-A19 = Valid

A20 = fixed 'Low' A20 = fixed 'High'
A21-A31 = fixed 'Low' A21-A31 = Valid

. Address Col. addr. Data
/0 @ (5 cycles) @ (2 cycles) @ output 0

A0-A12 = fixed 'Low' A0-A12 = Valid
A13-A19 = fixed 'Low'
A20 = fixed 'Low'
A21-A31 = fixed 'Low'

tBLBH5

- Address Data Col. addr. Data
110 (5 cycles) input (2 cycles) input 11h

A0-A12 = Valid A0-A12 = Valid
A13-A19 = fixed 'Low'
A20 = fixed 'Low’
A21-A31 = fixed 'Low'

RB =-- .
. Address Col. addr. Data
1o @ (5 cycles) @ (2 cycles) @ output -T
A0-A12 = fixed 'Low' A0-A12 = Valid
A13-A19 = fixed 'Low'
A20 = fixed 'High'
A21-A31 = fixed 'Low'
tBLBH2 ®
RB
_ Address Data Col. addr. Data
I/0 ._< (5 cycles) input @ (2 cycles) input 10h
A0-A12 = Valid A0-A12 = Valid
A13-A19 = Valid
A20 = fixed 'High'
A21-A31 = Valid

Plane 1 Plane 2 'jD Plane 1 Plane 2

© o =

Page buffer |:

©)
Data output ~—E——x ] @ [z:l @ |=|:-I @ |=|:-I @

NI3053E
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6.2.6 Multiplane copy back program with data out/data in interleaving

The interleaving of data out and data in is also allowed during multiplane copy back program
operations. Figure 23 shows the sequence:

Figure 23. Data in/data out interleaving during multiplane copy back program operation

to. —{E}—{ G Iy o :

A0-A13 = fixed 'Low' A13-A19 = Valid
A20 = Low A20 = High Data serial input
A21-A31 = fixed 'Low A21-A31 = Valid 1 Up to 4320 bytes
tWHBH
RB / -
110 ---<00h @ Address Data out Address )—( Data in ’— --
A0-A12 = fixed 'Low' A0-A12 = Valid Data serial output A0-A12 = Valid Data serial input
A13-A19 = fixed 'Low’ 1 up to 4320 bytes A13-A19 = fixed 'Low' 1 up to 4320 bytes
A20 = Low A20 = Low
A21-A31 = fixed 'Low' A21-A31 = fixed 'Low'
RB -- .
/0 ==-={00h @ Address Data out Address )—( Data in )—@—
A0-A12 = fixed 'Low' A0-A12 = Valid Data serial output A0-A12 = Valid Data serial input
A13-A19 = fixed 'Low' 1 up to 4320 bytes A13-A19 = fixed 'Low' 1 up to 4320 bytes
A20 = Low A20 = Low
A21-A31 = fixed ‘Low' A21-A31 = fixed 'Low

tBLBH5
RB -~ .-

/0 ---<«00h @ Address Data out Address )—( Data in )—@7--

AO0-A12 = fixed 'Low' A0-A12 = Valid Data serial output A0-A12 = Valid Data serial input
A13-A19 = fixed 'Low’ 1 up to 4320 bytes A13-A19 = fixed 'Low' 1 up to 4320 bytes
A20 = Low A20 = Low
A21-A31 = fixed 'Low' A21-A31 = fixed 'Low'

/0 -- @ @ Address Data out Address )-( Data in

AO0-A12 = fixed ‘Low' A0-A12 = Valid Data serial output A0-A12 = Valid Data serial input

A13-A19 = fixed 'Low’ 1 up to 4320 bytes A13-A19 = Valid 1 up to 4320 bytes
A20 = High A20 = High

A21-A31 = fixed 'Low’ A21-A31 = Valid

~ tBLBH2
RB =~
NI3153D
6.2.7 Multiplane cache read

The multiplane cache read operation is an extension of the cache read operation, and is
available only within two paired blocks belonging to the two planes. Since the device has
one cache register in each plane, serial data output from the cache registers of the two
planes can be executed while data in the memory is read into the data registers.
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The multiplane cache read operation is initiated by the following sequence:
1. 60h command followed by three address cycles of the page of the first plane

2. 60h command followed by three address cycles of the corresponding page of the
second plane

3. 33h confirm command.
Once the random access to the first page is complete (Ready/Busy signal goes High), the
Multiplane Cache Read command (31h) is latched into the command register. At this time,

data of the first page is transferred from the data register to the cache register, while device
goes busy for a short time (tg| gHs)-

At the end of this phase cache register data of the first page can be output by issuing the
following sequence:
1. 00h command followed by the five address cycles related to the first page

2. 05h command followed by two address cycles related to the column address to start
the read out

3. EOh command, followed by Read Enable toggling.

The cache register data of the second page can be output by issuing the same sequence:

1. 00h command followed by the five address cycles related to the second page

2. 05h command followed by two address cycles related to the column address to start
the read out

3.  EOh command, followed by Read Enable toggling.

Subsequent pages are read from the memory array into the data registers by issuing
additional 31h command sequences.

If the serial data output time of the two pages exceeds random access time (tyngn), the
random access time of the next pages is hidden by data downloading of the previous pages.

On the other hand, if 31h is issued prior to complete the random access to the next pages,
the device will stay busy as long as needed to complete random access to these pages,
transfer their contents into the cache register, and trigger the random access to the following
pages.

To terminate the multiplane cache read operation, 3Fh command must be issued. This
command transfer data from data registers to the cache registers without issuing next page
read.

During the multiplane cache read operation, all commands are forbidden except 31h, 3Fh,
Read Status Register or Reset (FFh).

To carry out other operations the multiplane cache read operation must be ended by issuing
the Multiplane Cache Read End command (3Fh) or by resetting the device with a Reset
command (FFh).

The operation status can be checked with the Ready/Busy pin or with the read status
register commands (70h or F1h). In particular:

1. The cache busy status bit /06 indicates when both the cache register are ready to
output new data

2. The status bit I/O5 indicates when the cell reading of the current data registers is
complete

Refer to Table 11: Multiplane read status register bits (non cached operations) and Table 12:
Multiplane read status register bits (cached operations) for more details.
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Figure 24: Multiplane cache read operation shows the command sequence for the
multiplane cache read operation.

Figure 24. Multiplane cache read operation

tWHBH :
RB X
Command . .
:Input.l Busy '
Address Address .
1o —{eon) (60r) :
A13-A19 = fixed 'Low'  A13-A19 = Valid H
A20 = fixed 'Low' A20 = fixed 'High' .
A21-A31 = fixed 'Low’  A21-A31 = Valid ' @
! tBLBH5 '
RB |
5 ; : Address Address Data E
10§ ——31———oon (osn) (=) :
' Command A0-A12 = fixed 'Low' A0-A12 = Valid H
; input A13-A19 = fixed 'Low’ !
; A20 = fixed 'Low' :
' ( : ) A21-A31 = fixed 'Low' @
RB } ;
vo o~ ~-CrE R =
' input input output ]
' ) i Return to @ :
' AO0-A12 = Valid A0-A12 = Valid Repeat max 127 times !
: A13-A19 = fixed 'Low’ .
. A20 = fixed 'High' !
' @ A21-A31 = fixed 'Low’ ' @
! tBLBH5 '
RB |
: : : Address Address Data E
o i ——{r——(on =) & :
! Comm?nd AO-A12 = Valid A0-A12 = Valid H
' npu A13-A19 = fixed 'Low’ '
' @ A20 = fixed 'Low’ '
: A21-A31 = fixed 'Low' ' @
RB
o ——(o e
! input input output
. A0-A12 = Valid A0-A12 = Valid
! A13-A19 = fixed 'Low’
: A20 = fixed 'High'
i @ A21-A31 = fixed 'Low’
NI3099D

N numonyx 45/79




Device operations NAND16GW3D2B

6.2.8
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Multiplane cache program

The device supports multiplane cache program, which enables high program throughput by
programming two pages in parallel while exploiting data and cache registers of both planes
to implement cache.

The command sequence can be summarized as follows:

1. The Serial Data Input command (80h) is followed by five cycle address inputs and then
by the serial data for the first page. Address for this page must be within the first plane
(A20 = Low). The data of the first page other than those to be programmed do not need
to be loaded. The device supports random data input exactly like the page program
operation

2. The dummy Page Program Confirm command (11h) stops first page data input and the
device becomes busy for a short time (tg| g5)-

3. Once the device returns to the ready state again, the 81h command must be issued,
followed by the second page address (5 cycles) and its serial data input. Address for
this page must be within the second plane (A20 = High). The data of the second page
other than those to be programmed do not need to be loaded.

4. Once the cache write command (15h) is loaded to the command register, the data in
the cache registers is transferred into the data registers for cell programming. At this
time the device remains in busy state for a short time (tg| gy7)- After all data of the
cache registers are transferred into the data registers, the device returns to ready state,
and allows loading the next data into the cache register through another cache program
command sequence.

in which the device is busy, allows to complete cell programming of current data registers
contents, and to transfer data from cache registers. The sequence to end the multiplane

Figure 25: Multiplane cache program operation shows the command sequence for the
multiplane cache program operation.

The multiplane cache program operation is available only within two paired blocks belonging
to the two planes.

Any command between 11h and 81h is prohibited except 70h, F1h and FFh

The multiplane cache program operation status can be checked by the Ready/Busy signal
or by using the Read Status Register commands (70h or F1h). If the 70h command is used,
the status register provides a global information about the operation in both planes. In
particular:

1. 1/O6 indicates when both cache registers are ready to accept new data.
2. 1/05 indicates when the cell programming of the current data registers is complete.

3. /Ol identifies if the previous pages (pages N-1) in both planes have been successfully
programmed or not. The latter can be polled upon 1/06 status bit changing to ‘1’.

4. 1/00 identifies if any error has been detected by the program/erase controller while
programming the two pages N. The latter can be polled upon I/O5 status bit changing
to ‘1"

Refer to Table 12: Multiplane read status register bits (cached operations) for more details.

If the F1h command is used, the status register provides information about the operation in
each of the two planes. In particular:
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I/06 indicates when both cache registers are ready to accept new data.
I/O5 indicates when the cell programming of the current data registers is complete.

I/00 identifies if any error has been detected by the program / erase controller while
programming the two pages N. The latter can be polled upon I/O5 status bit changing
to ‘1"

I/O1 is the pass/fail flag for current page (N) programming in the first plane. I/O1 can be
polled upon 1/O5 status bit changing to ‘1'.

I/02 is the pass/fail flag for current page (N) programming in the second plane. /02
can be polled upon I/O5 status bit changing to ‘1.

I/03 is the pass/fail flag for the previous page (N-1) programming in the first plane. /03
can be polled upon 1/06 status bit changing to ‘1'.

I/04 is the pass/fail flag for the previous page (N-1) programming in the second plane.
I/04 can be polled upon 1/0O6 status bit changing to ‘1'.

If the system monitors the progress of the operation only with the Ready/Busy signal, the

last pages of the target program sequence must be programmed with a Page Program
Confirm command (10h). If the Cache Program command (15h) is used instead, the status
bit 1/0O5 must be polled to find out if the last programming is finished before starting any
other operation.

If the multiplane cache program operation is interrupted by either a power-off or a reset

operation, data in the selected pages is no longer valid, as the program algorithm was not
executed entirely.

Refer to Table 12: Multiplane read status register bits (cached operations) and to
Section 6.3: Reset for further information.

Figure 25. Multiplane cache program operation

tBLBH5 tBLBH7 '
RB \
Command . !
Jinput, =" '
:.I < Address >_< Data > < > /N / Address >_< Data !
/o . input input i1h \Blh/ \__input input !
A13-A19 = fixed 'Low A13-A19 = Valid '
A20 = fixed 'Low' A20 = fixed 'High' !
A21-A31 = fixed 'Low' A21-A31 = Valid ' @
Returnto (O |
Repeat 127 times max.
' tBLBH5 tBLBH2
RB !
' Command B
v dnput, -
Y s\ Address >—< Data [o1\ / Address >_< Data
Vo input input L1n \Slh( \__input input
! A13-A19 = fixed 'Low' A13-A19 = Valid
' A20 = fixed 'Low' A20 = fixed 'High'
' A21-A31 = fixed 'Low' A21-A31 = Valid
NI3151D
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6.3

Figure 26.

Reset

The Reset command reset the command interface and status register. If the Reset
command is issued during any operation, the operation is aborted. If it is a program or erase
operation that is being aborted, the contents of the memory locations being modified are no
longer valid as the data is partially programmed or erased. When a reset command is
issued during a program operation in busy state, the data in the paired page could become
invalid.

If the device is being reset, a new Reset command is not accepted. On the other hand, if the
device has completed a reset operation, then a new Reset command is accepted.

The Ready/Busy signal goes Low for tg g4 after the Reset command is issued (see
Figure 26: Reset operation). The value of tg| g4 depends on the operation that the device
was performing when the command was issued. Refer to Table 27: AC characteristics for
operations for the values.

Reset operation

AL

CL

/10

RB

C

{7 tBLBH4 4}
(Reset Busy time)

ai08043
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Read status register

The device contains a status register that provides information on the current or previous
read, program or erase operation. The various bits in the status register convey information
and errors on the operation.

The status register is read by issuing the Read Status Register command (70h) or the
Multiplane Read Status Register command (F1h). The status register information is present
on the output data bus (I/00-1/07) on the falling edge of Chip Enable, or Read Enable,
whichever occurs last. When several memories are connected in a system, the use of Chip
Enable and Read Enable signals allows the system to poll each device separately, even
when the Ready/Busy pins are common-wired. It is not necessary to toggle the Chip Enable
or Read Enable signals to update the contents of the status register.
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After the Read Status Register command has been issued, the device remains in read
status register mode until another command is issued. Therefore, if a Read Status Register
command is issued during a random read cycle a new Read command (00h) must be issued
to continue with a page read operation.

If the Read Status Register command (70h) is used to check the operation status, the status
register provides a global information about the operation in the device. In particular, during
a multiplane operation, each status register bit provides a combined information (OR or
AND) of the events occurring in the two planes. Table 9 summarizes the logic function of
each status register bit in a multiplane operation.

Table 9. Logic function of read status register bits
Status register bit Logic combination between planes
1/100 OR
/01 OR
1105 AND
1106 AND
Table 10 summarizes the meaning of status register bits during standard operations.
Table 10. Read status register bits®
1/0 Page Page Block erase | Cache read Cache Reset Definition (70h)
read program program
0 NA Pass/fail Pass/fail NA Pass/fail NA N pa??, .
Pass: ‘0, Fail: ‘1
N-1
1 NA NA NA NA Pass/fail NA page )
Pass: ‘0, Fail: ‘1’
2 NA NA NA NA NA NA -
3 NA NA NA NA NA NA -
4 NA NA NA NA NA NA -
Ready/ Ready/Busy
5 busy Ready/busy | Ready/busy | Ready/busy | Ready/busy | Ready/busy Busy: ‘0’: Ready~'1’
Ready/ Data Cache Ready/Busy
6 busy Ready/busy | Ready/busy | Ready/busy | Ready/busy | Ready/busy Busy: ‘0", Ready: ‘1’
Write . . . . . Protected: ‘0’
7 protect Write protect | Write protect | Write protect | Write protect | Write protect Not protected: 1’
1. 1/Os defined as NA are recommended to be masked out when read status register is being executed.

N numonyx

If the Multiplane Read Status Register command (F1h) is used to check the operation
status, the status register allows to check the outcome of the multiplane operation in each of
the two planes.

Table 11 summarizes the meaning of status register bits during multiplane read, multiplane
program, multiplane erase operations (non cached operations), while Table 12 refers to
multiplane cache read and multiplane cache program operations (cached operations).
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Table 11. Multiplane read status register bits (non cached operations)(l)

1/0 Multiplane read Multiplane program Multiplane erase Definition (F1h)
0 NA Pass/fail Pass/fail Pass: ‘0, Fail: ‘1’
First plane
1 NA Pass/fail Pass/fall Stp .
Pass: ‘0, Fail: ‘1’
Second plane
2 NA Pass/fail Pass/fall P .
Pass: ‘0, Fail: ‘1’
3 NA NA NA -
4 NA NA NA -
Ready/Busy
5 Ready/busy Ready/busy Ready/busy Busy: ‘0"; Ready:'1’
Data Cache Ready/Busy
6 Ready/busy Ready/busy Ready/busy Busy: ‘0’, Ready: ‘1’
7 Write protect Write protect Write protect Protected: ‘0

Not protected: ‘1’

1. 1/Os defined as NA are recommended to be masked out when read status register is being executed.

Table 12.  Multiplane read status register bits (cached operations)(l)

I/O Multiplane cache read Multiplane cache program Definition (F1h)

0 NA Pass/fail Pass: ‘0’, Fail: ‘1’
N /First pl

1 NA Pass/fail pagermirs .pane
Pass: ‘0’, Fail: ‘1’
N /S dpl

2 NA Pass/fail page ecgn plane
Pass: ‘0’, Fail: ‘1’
N-1 /First pl

3 NA Pass/fail page |r.s plane
Pass: ‘0’, Fail: ‘1’
N-1 page/Second plane

4 NA Pass/fail bag . P
Pass: ‘0’, Fail: ‘1’
Ready/Busy

5 Ready/busy Ready/busy Busy: ‘0": Ready-'1’
Data Cache Ready/Busy

6 Ready/busy Ready/busy Busy: ‘0", Ready: ‘1’

. . Protected: ‘0’
7 Write protect Write protect Not protected: ‘1’

1. 1/Os defined as NA are recommended to be masked out when read status register is being executed.
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6.5 Read electronic signature

The device contains product identification codes. The following three steps are required to
read these codes:

1. One bus write cycle to issue the Read Electronic Signature command (90h)
2. One bus write cycle to input the address (00h)

3. Six bus read cycles to sequentially output the data: manufacturer code, device
identifier, and 3rd, 4th, 5th, 6th byte (as shown in Table 14: Electronic signature).

Table 13. Device identifier codes

Device identifier cycle Description
1st Manufacturer code
2nd Device identifier
3rd Internal chip number, (_:eII type, number of siml_JItaneoust programmed pages,
interleaved program, write cache.
4th Page size, block size, spare size organization
5th Plane number, ECC level
6th Technology (Design rule), EDO, interface
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Table 14.  Electronic signature
Byte/word 1 Byte/word 2 Byte 3 Byte 4 Byte 5 Byte 6
Root part number
Manufacturer code | Device code Table 15 Table 16 | Table 17 | Table 18
NAND16GW3D2B 20h D5h 94h 25h 44h 41h
Table 15.  Electronic signature byte 3
I/0 Definition Value Description
00 1
01 2
1/01-1/100 Internal chip number
10 4
11 Reserved
00 2-level cell
01 4-level cell
1/03-1/02 Cell type
10 8-level cell
11 16-level cell
00 1
i 01 2
1/05-1/04 Number of simultaneously
programmed pages 10 4
11 8
/06 Interleaved programming 0 Not supported
between multiple dice 1 Supported
0 Not ted
1107 Write cache ot stpporte
1 Supported
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Table 16.  Electronic signature byte 4

I/0 Definition Value Description
00 2 Kbytes
/O1-1/00 _ Page size 01 4 Kbytes
(without spare area) 10 8 Kbytes
11 Reserved
000 128 Kbytes
001 256 Kbytes
010 512 Kbytes
Block si 011 768 Kbyt
/O7-1/05-1/04 | plocksize yies
(without spare area) 100 1 Mbyte
101 Reserved
110 Reserved
111 Reserved
000 128 bytes
001 224 bytes
010 Reserved
. 011 Reserved
1/06-1/03-1/102 Spare area size
100 Reserved
101 Reserved
110 Reserved
111 Reserved
Table 17.  Electronic signature byte 5
I/0 Definition Value Description
1/01 - 1/00 Reserved 000
00 1 plane
01 2 planes
1/03 - 1/102 Plane number P
10 4 planes
11 8 planes
000 1 bit/512 bytes
001 2 bit/512 bytes
010 4 bhit/512 bytes
1106 - 1/05 - 1104 ECC level 011 8 biU512 bytes
100 12 bit/512 bytes
101 15 bit/512 bytes
110 Reserved
111 Reserved
1107 Reserved 0
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Table 18.  Electronic signature byte 6
/0 Definition Value Description
000 48 nm
001 41 nm
010 Reserved
011 Reserved
/02 - 1/01 - 1/00 NAND technology
100 Reserved
101 Reserved
110 Reserved
111 Reserved
I/05 - 1/04 - 1/03 Reserved 000
0 Not support
1/06 EDO support
PP 1 Support
0 SDR
1107 NAND i fi
/O interface 1 DDR
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7 Data protection and power-on/power-off sequence

The device has hardware features to protect against spurious program and erase operations
during power transitions. An internal voltage detector disables all functions whenever the
power supply, Vpp, is below the threshold Vpp = Vppg <2 V.

Vpp and Vppq as well as Vgg and Vggq are shorted together at any time (see the power-
on/power-off sequence in Figure 27).

The Ready/Busy signal is valid within 100 ps since the power supplies have reached the
minimum values and returns to one within a maximum of 5 ms (see Table 25: DC
characteristics ).

During the busy time at power-on, the device can accept only Read Status Register
commands (70h or F1h), while at the end of the busy time, the device is ready to accept any
other command sequences.

It is recommended to keep WP at V,,_during power-on and power-off or whenever
Vpp = Vppg < 2.5V, as shown in Figure 27.

The WP pin should be kept Low (V) to guarantee hardware protection during power
transitions, as shown in Figure 27.

Figure 27. Data protection
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8

Figure 28.

Power-on sequence and PSL handling

The power-on sequence can be executed in two different ways:
® keeping PSL tied to ground or floating
® keeping PSL tied to power supply.

If PSL is tied to ground, Vg, (or Vsgg) or not connected, the device executes an automatic
self initialization during power-on. During this initialization process, the device consumes a
current I (30 mMA maximum) and keeps the Ready/Busy signal Low for a maximum time
of 5 ms. The Ready/Busy signal is valid within 100 us since the power supplies have
reached the minimum values and returns to one within a maximum of 5 ms (see Table 25:
DC characteristics). During the busy time, the device can accept only Read Status Register
commands (70h or F1h), while at the end of the busy time, it defaults into read setup. This
means that if the user decides to issue a Page Read command, the 00h command can be
skipped (see Figure 28: Power-on sequence with PSL tied to ground or floating).

If PSL is tied to Vpp (or Vppg), the device does not complete the self initialization during
power-on and does not consume lccq. The initialization process is executed once a Reset
(FFh) command is issued after power-on, and the latter sequence causes the I current
consumption. Device operation is guaranteed only after the initialization process is
complete, therefore the FFh command must be issued at the end of power-on prior to
issuing any command to the device. During this initialization process the device does not
accept any command different from Read Status Register (70h or F1h). At the end of the
busy time, the device does not default into ‘read setup’. This means that if the user decides
to issue a page read, the command 00h must be issued (see Figure 29: Power-on sequence
with PSL tied to power supply).

Power-on sequence with PSL tied to ground or floating

5ms operation

» »
>

»—<-100 ps

RB / 0

NI3090
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Power-on sequence and PSL handling

Figure 29. Power-on sequence with PSL tied to power supply
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9 Write protect operation

Erase and program operations are automatically reset when WP goes Low during busy time
and is kept Low for a time ty,\y. Once a program or erase operation is aborted by WP

driven Low, the contents of the memory locations being modified are no longer valid as the
data is partially programmed or erased.

Erase and program operations are enabled and disabled by setting WP to High or Low,
respectively, prior to issuing the set-up commands (80h or 60h), as shown in Figure 30,
Figure 31, Figure 32, and Figure 33.

Figure 30. Program enable waveform
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Figure 31. Program disable waveform
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Figure 32. Erase enable waveform
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Figure 33. Erase disable waveform
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Switching WP to V,,_during any cycle (command, address or data) of a program or erase
command sequence means aborting that command sequence. As specified in Figure 34,
WP Low for more than 100 ns can cause the abort of the command sequence at the first
valid W pulse (command, address or data).

Figure 34. WP Low requirements during a command sequence

w \_/
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wp _\_/: E Sequence
—> ' aborted
''>100ns '
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10.1

10.2

60/79

Software algorithms

This section provides information on the software algorithms that Numonyx recommends
implementing to manage the bad blocks and extend the lifetime of the NAND device.

NAND flash memories are programmed and erased by Fowler-Nordheim tunneling using
high voltage. Exposing the device to high voltage for extended periods can cause the oxide
layer to be damaged. For this reason, the number of program and erase cycles is limited
(see Table 20: Busy times for value). To extend the number of program and erase cycles and
to increase data retention, it is recommended to implement garbage collection and wear-
leveling while the implementation of error correction code algorithms is mandatory.

To help integrate a NAND memory into an application, Numonyx can provide a full range of
software solutions: file system, sector manager, drivers, and code management.

Contact the nearest Numonyx sales office or visit www.numonyx.com for more details.

Bad block management

Devices with bad blocks have the same quality level and the same AC and DC
characteristics as devices where all the blocks are valid. A bad block does not affect the
performance of valid blocks because it is isolated from the bit line and common source line
by a select transistor.

The devices are supplied with all the locations inside valid blocks erased (FFh). The bad
block information is written prior to shipping. Any block, where the 1st byte in the spare area
of the last page, does not contain FFh, is a bad block.

The bad block information must be read before any erase is attempted as the bad block
Information may be erased. For the system to be able to recognize the bad blocks based on
the original information it is recommended to create a bad block table following the flowchart
shown in Figure 35: Bad block management flowchart.

NAND flash memory failure modes

The NAND16GW3D2B device may contain bad blocks, where the reliability of blocks that
contain one or more invalid bits is not guaranteed. Additional bad blocks may develop during
the lifetime of the devices.

To implement a highly reliable system, all the possible failure modes must be considered:

® Program/erase failure

in this case, the block has to be replaced by copying the data to a valid block. These
additional bad blocks can be identified as attempts to program or erase them and give
errors in the status register.

Because the failure of a page program operation does not affect the data in other
pages in the same block, the block can be replaced by re-programming the current data
and copying the rest of the replaced block to an available valid block. The Copy Back
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10.3

Program command can be used to copy the data to a valid block. See Figure 17:
Random data input during sequential data input for more details.

® Read failure

in this case, ECC correction must be implemented. To efficiently use the memory
space, it is recommended to recover single-bit errors in read by ECC, without replacing
the whole block.

Refer to Table 19 for the procedure to follow if an error occurs during an operation.

Table 19. Block failure

Operation Procedure
Erase Block replacement
Program Bloc_k replagement or ECC
(with 12 bits/512 bytes)
Read ECC (with 12 bits/512 bytes)

Figure 35. Bad block management flowchart
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Garbage collection

When a data page needs to be modified, it is faster to write to the first available page and
mark the previous page as invalid. After several updates it is necessary to remove invalid
pages to free some memory space.

To free this memory space and allow further program operations, it is recommended to
implement a garbage collection algorithm. In a garbage collection software the valid pages
are copied into a free area and the block containing the invalid pages is erased (see
Figure 36).
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Figure 36. Garbage collection
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Wear-leveling algorithm

For write-intensive applications, it is recommended to implement a wear-leveling algorithm
to monitor and spread the number of write cycles per block.

In memories that do not use a wear-leveling algorithm, not all blocks get used at the same
rate. The wear-leveling algorithm ensures that equal use is made of all the available write

cycles for each block.

There are two wear-leveling levels:

1. First level wear-leveling, where new data is programmed to the free blocks that have

had the fewest write cycles

2. Second level wear-leveling, where long-lived data is copied to another block so that the
original block can be used for more frequently changed data.

The second level wear-leveling is triggered when the difference between the maximum and
the minimum number of write cycles per block reaches a specific threshold.
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10.5.1

10.5.2

Hardware simulation models

Behavioral simulation models

Denali software corporation models are platform-independent functional models designed to
assist customers in performing entire system simulations (typical VHDL/Verilog). These
models describe the logic behavior and timings of NAND flash devices, and, therefore, allow
software to be developed before hardware.

IBIS simulations models

I/O buffer information specification (IBIS) models describe the behavior of the I/O buffers
and electrical characteristics of flash devices.

These models provide information such as AC characteristics, rise/fall times, and package
mechanical data, all of which are measured or simulated at voltage and temperature ranges
wider than those allowed by target specifications.

IBIS models are used to simulate PCB connections and can be used to resolve compatibility
issues when upgrading devices. They can be imported into SPICETOOLS.
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Busy times and endurance cycles

Table 20 shows the busy times for 16-Gbit devices while Table 21 summarizes the number

of program/erase cycles per block.

Table 20. Busy times
Parameters Symbol Alt. symbol Max Unit
Pagg read, multiplane page reqd, read for copy back, T~ t 60 s
multiplane read for copy back time (read busy time)
Page program time (program busy time) tBLBH2 tprOG 2,000 ps
ocsg:;i g;zt};ram time (busy time for cache program taLaH7 tepsyw 2,000 s
Multiplane program, multiplane cache program, multiplane
copy back program time (dummy busy time for multiplane tBLBH5 toesy 1 ps
operations)
Cache read., multiplane cache read time (busy time for cache teLems teBsYR 65 s
read operations)
Block erase, multiplane block erase busy time tBLBH3 tBERS 10 ms
Reset busy time during ready 5 1S
Reset busy time during read 5 Hs
Reset busy time during program {BLBH4 RsT 10 Hs
Reset busy time during erase 500 Hs
Table 21. Endurance cycles
Parameters Min Typ Max Unit
Number qf partial program cycles (NOP) within the same _ _ 1 cycle
page (main array or spare array)
Program/erase cycles (with 12-bit/512-byte ECC) 5,000 - - cycles
Data retention 5 - - years
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12 Maximum ratings

Stressing the device above the ratings listed in Table 22: Absolute maximum ratings may
cause permanent damage to the device. These are stress ratings only, and operation of the
device at these or any other conditions above those indicated in the operating sections of

this specification is not implied. Exposure to absolute maximum rating conditions for

extended periods may affect device reliability.

Table 22. Absolute maximum ratings

Value
Symbol Parameter Unit
Min Max

Ambient operating temperature (commercial temperature range) 0 70 °C

Ta Ambient operating temperature (extended temperature range) - 25 85 °C
Ambient operating temperature (industrial temperature range) —40 85 °C

Tgias Temperature under bias -50 125 °C
Tsta Storage temperature - 65 150 °C
V,o(l) Input or output voltage -0.6 4.6 \%
Vpp Supply voltage -0.6 4.6 \%

1. Minimum voltage may undershoot to —2 V for less than 20 ns during transitions on input and 1/O pins.
65/79
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13 DC and AC parameters
This section summarizes the operating and measurement conditions as well as the DC and
AC characteristics of the device. The parameters in the following DC and AC characteristics
tables are derived from tests performed under the measurement conditions summarized in
Table 23: Operating and AC measurement conditions. Designers should check that the
operating conditions in their circuit match the measurement conditions when relying on the
quoted parameters.
Table 23. Operating and AC measurement conditions
Parameter Min Max Unit
Voo 27 3.6
Core and input/output supply voltage \%
Vbbo 2.7 3.6
. 1.7-1.95V
Load capacitance (C,) (1 TTL GATE and C,) 2736V 50 pF
Input pulses voltages 0 Vpp \%
Input and output timing ref. voltages Vpp/2 \Y,
Input rise and fall times 5 ns
Table 24.  Capacitance?
Symbol Parameter Test condition Typ Max Unit
CiN Input capacitance ViN=0V 10 pF
Cio Input/output capacitance ViL=0V 10 pF

1. Tpo=25°C,f=1MHz.
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Table 25.  DC characteristics (D))
Symbol Parameter Test conditions Min Typ Max Unit
PSL = GND or NC - 15 30 mA
IpDo Power-on reset current PSL = Vpp, FFh
command input after - 15 30 mA
power-on
1! =25ns
Ibp1 Read _ RLRL=SS - 15 30 mA
Operating E=Vi, loyr=0mA
Ibp2 current Program - - 15 30 mA
Ibp3 Erase - - 15 30 mA
IbD4 Standby current (TTL)® E =V, WP = 0/Vpp 1 mA
E: VDD_O'Z'
Ibps Standby current (CMOS)® WP = 0Vpp - 10 50 PA
PSL=0 V/VDD/NC
I Input leakage current Viy=0t03.6V - - 10 HA
Lo Output leakage current Vour=0t0 3.6V - - 10 HA
V4 Input high voltage - 0.8 X Vpp - Vpp+0.3| V
Vi Input low voltage - -0.3 - 0.2xVpp| V
VoH Output high voltage level lon = -400 pA 2.4 - - \Y
VoL Output low voltage level loL =2.1 mA - - 0.4 \Y,
loL (RB) Output low current (RB) VoL = 0.4V 8 10 - mA

All Vppg and Vpp pins, and all Vgg and Vsgq pins are shorted together.

Values listed in this table refer to the entire voltage range Vpp = Vp

=2.7t0 3.6 V and to a single device. For stacked

devices, the standby and leakage currents are the sum of the standby and leakage currents of all the chips, while the
active power consumption depends on the number of chips concurrently executing different operations.

3. All measurements have been performed with a 0.1 pF capacitor connected between the Vpp supply voltage pin and the

Vgg ground pin.

4. Standby current measurements are performed after the device has completed the initialization process at power-on (see

Section 8: Power-on sequence and PSL handling).
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Table 26.  AC characteristics for command, address, data input
Symbol Alt. Parameter Vpp=Vppo=3.3 V | Unit
Y symbol DD~ VDDQ™¥
tALLWH Address Latch Low to Write Enable High ) .
taLs AL setup time Min 12 ns
tALHWH Address Latch High to Write Enable High
teLHWH Command Latch High to Write Enable High ) )
toLs CL setup time Min 12 ns
teLLWH Command Latch Low to Write Enable High
tDvwH tps | Data Valid to Write Enable High Data setup time | Min 12 ns
teLwH tcg | Chip Enable Low to Write Enable High E setup time Min 20 ns
tWHALH Write Enable High to Address Latch High . .
tALH AL hold time Min 5 ns
tWHALL Write Enable High to Address Latch Low
tWHCLH Write Enable High to Command Latch High
tcLH CL hold time Min 5 ns
tWHCLL Write Enable High to Command Latch Low
tWHDX top | Write Enable High to Data Transition Data hold time | Min 5 ns
tWHEH tcy | Write Enable High to Chip Enable High E hold time Min 5 ns
tWHWL twy | Write Enable High to Write Enable Low :é\r/nlzlgh hold Min 10 ns
tWLWH twp | Write Enable Low to Write Enable High W pulse width Min 12 ns
fwLwL twe | Write Enable Low to Write Enable Low Write cycle time | Min 25 ns
trrwL | tRHW Read Enable High to Write Enable Low Min 100 ns
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Table 27.  AC characteristics for operations
Symbol Alt. Parameter Vpp=Vppo=3.3 V | Unit
symbol bo™YDDR™
Read electronic .
tALLRLL ( Address Latch Low to Read signature Min 10 ns
AR Enable Low _
tALLRL2 Read cycle Min 10 ns
{BHRL tRR Ready/Busy High to Read Enable Low Min 20 ns
teLLRL tcLr Command Latch Low to Read Enable Low Min 10 ns
tozrL tr Data Hi-Z to Read Enable Low Min 0 ns
teHoz tchz Chip Enable High to Output Hi-Z Max 30 ns
teLov tceA Chip Enable Low to Output Valid Max 25 ns
Read Enable High to Read Enable | Read Enable High hold .
tRHRL tREH Low time Min 10 ns
tEHoX tcon | Chip Enable High to Output Hold Min 15 ns
trHox | trHon | Read Enable High to Output Hold Min 15 ns
trRLOX trion | Read Enable Low to Output Hold (EDO mode) Min 5 ns
trHOZ tRHZ Read Enable High to Output Hi-Z Max 100 ns
" i Read Enable Low to Read Enable Read Enable pulse Min 12 ns
RLRH RP High width
taLRL the Read Enable Li\évvbo Read Enable Read cycle time Min o5 ns
Read Enable access
trLQV trepn | Read Enable Low to Output Valid time Max 20 ns
Read ES access time(®
. t Write Enable H}—Iﬁghto Ready/Busy Read busy time Max 60 us
twHBL twe Write Enable High to Ready/Busy Low Max 100 ns
YWHRL tWHR Write Enable High to Read Enable Low Min 80 ns
tRHWL tRHW Read Enable High to Write Enable Low Min 100 ns
@ Last Address Latched on Data Loading time during program .
fwHWH tADL | operations Min 70 ns
tyHWH ) o Min 100 ns
tww Write protection time(®) :
tyLwH Min 100 ns

1. ES = electronic signature.

2. twnwh is the delay from Write Enable rising edge during the final address cycle to Write Enable rising edge during the first

data cycle.

3. WP High to W High during program/erase enable operations or WP Low to W High during program/erase disable

operations.
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Figure 37. Command Latch AC waveforms
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Figure 38. Address Latch AC waveforms
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Figure 39. Data Input Latch AC waveforms
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Figure 40. Sequential data output after read AC waveforms in EDO mode
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This diagram refers to EDO mode, CL and AL Low, V,;, and W High, Vin-

trrox is applicable for frequencies lower than 33 MHz (for instance, tg g lower than 30 ns).

trLox is applicable for frequencies higher than 33 MHz (for instance, tg g, lower than 30 ns). Itis possible to read data on
the next Read Enable Low, but just for a time tg| ox.
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Figure 41. Sequential data output after read AC waveforms
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1. This diagram refers to CL and AL Low, V, , and W High, V.
2. trHgx Is applicable for frequencies lower than 33 MHz (for instance, tg g, lower than 30 ns).
Figure 42. Read Status Register AC waveforms
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Figure 43. Read electronic signature AC waveforms
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1. Refer to Table 14 for the values of the manufacturer and device codes, and to Table 15, Table 16, Table 17, and Table 18
for the information contained in byte 3, byte 4, byte 5, and byte 6.
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13.1 Ready/Busy signal electrical characteristics

The Ready/Busy signal indicates the status of the device operation. The Ready/Busy signal
is Low, when a reset, program, erase or random read operation is in progress while it is High
when these operations are completed.

Figure 44, Figure 45, and Figure 46 show the electrical characteristics for the Ready/Busy
signal. The value required for the resistor Rp can be calculated using the following equation:

(VDDmaxf\/OLmax)
o™ L

Rpmin=

So,
RPmin= —3'24}/
8mA 'L

where | is the sum of the input currents of all the devices tied to the Ready/Busy signal. Rp
max is determined by the maximum value of t,.

Figure 44. Ready/Busy AC waveform
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Figure 45. Ready/Busy load circuit
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Figure 46. Resistor value versus waveform timings for Ready/Busy signal
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Package mechanical

NAND16GW3D2B

14

Figure 47. TSOP48 - 48 lead plastic thin small outline, 12 x 20 mm, package outline

Package mechanical

To meet environmental requirements, Numonyx offers these devices in RoHS compliant
packages, which have a lead-free second-level interconnect. The category of second-level
interconnect is marked on the package and on the inner box label, in compliance with
JEDEC Standard JESD97. The maximum ratings related to soldering conditions are also

marked on the inner box label.

RoHS compliant specifications are available at www.numonyx.com.
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1. Drawing is not to scale.

Table 28. TSOP48 - 48 lead plastic thin small outline, 12 x 20 mm, package mechanical data
Millimeters Inches
Symbol
Typ Min Max Typ Min Max
A 1.20 0.047
Al 0.10 0.05 0.15 0.004 0.002 0.006
A2 1.00 0.95 1.05 0.039 0.037 0.041
B 0.22 0.17 0.27 0.009 0.007 0.011
C 0.10 0.21 0.004 0.008
CP 0.08 0.003
D1 12.00 11.90 12.10 0.472 0.468 0.476
E 20.00 19.80 20.20 0.787 0.779 0.795
El 18.40 18.30 18.50 0.724 0.720 0.728
e 0.50 - - 0.020 -
L 0.60 0.50 0.70 0.024 0.020 0.028
L1 0.80 0.031
a 3° 0° 5° 3° 0° 5°
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15 Ordering information

Table 29. Ordering information scheme

Example: NAND16G W3 D 2 B N 6 E

Device type
NAND flash memory

Density
16G = 16 Gbits

Operating voltage
W= VDD = VDDQ =27t03.6V

Bus width
3=x8

Family identifier
D = 4 Kbyte-page MLC

Device options
2 = Chip Enable ‘don't care’ enabled

Product version

B = second version

Package
N =TSOP48 12 x 20 mm

Temperature range
6 =-401t0 85 °C

Option
E = RoHS compliant package, standard packing
F = RoHS compliant package, tape and reel packing

Note: Devices are shipped from the factory with the memory content bits, in valid blocks, erased to
‘1.
For further information on any aspect of this device, please contact your nearest Numonyx
sales office.
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16 Revision history

Table 30. Document revision history

Date Revision Changes

17-Dec-2008 1 Initial release.

Modified datasheet’s name from NANDxxGx3D2B to
NAND16GW3D2B. Document status promoted from ‘preliminary data’
to full datasheet. Removed all the references to 32-Gbit, 64-Gbit
devices and hybrid version throughout the document.

24-Sep-2009 2 Added note in Section 6.1.6: Cache read. Modified: maximum value
of teygz in Table 27: AC characteristics for operations, Section 8:
Power-on sequence and PSL handling, Figure 44: Ready/Busy AC
waveform and Figure 46: Resistor value versus waveform timings for
Ready/Busy signal.
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Please Read Carefully:

INFORMATION IN THIS DOCUMENT IS PROVIDED IN CONNECTION WITH NUMONYX™ PRODUCTS. NO LICENSE, EXPRESS OR
IMPLIED, BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS DOCUMENT. EXCEPT
AS PROVIDED IN NUMONYX'S TERMS AND CONDITIONS OF SALE FOR SUCH PRODUCTS, NUMONYX ASSUMES NO LIABILITY
WHATSOEVER, AND NUMONYX DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY, RELATING TO SALE AND/OR USE OF
NUMONYX PRODUCTS INCLUDING LIABILITY OR WARRANTIES RELATING TO FITNESS FOR A PARTICULAR PURPOSE,
MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

Numonyx products are not intended for use in medical, life saving, life sustaining, critical control or safety systems, or in nuclear facility
applications.

Numonyx may make changes to specifications and product descriptions at any time, without notice.

Numonyx, B.V. may have patents or pending patent applications, trademarks, copyrights, or other intellectual property rights that relate to the
presented subject matter. The furnishing of documents and other materials and information does not provide any license, express or implied,
by estoppel or otherwise, to any such patents, trademarks, copyrights, or other intellectual property rights.

Designers must not rely on the absence or characteristics of any features or instructions marked “reserved” or “undefined.” Numonyx reserves
these for future definition and shall have no responsibility whatsoever for conflicts or incompatibilities arising from future changes to them.

Contact your local Numonyx sales office or your distributor to obtain the latest specifications and before placing your product order.

Copies of documents which have an order number and are referenced in this document, or other Numonyx literature may be obtained by
visiting Numonyx's website at http://www.numonyx.com.

Numonyx StrataFlash is a trademark or registered trademark of Numonyx or its subsidiaries in the United States and other countries.
*Other names and brands may be claimed as the property of others.

Copyright © 11/5/7, Numonyx, B.V., All Rights Reserved.
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