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Notice On Data Sheet Designations
Spansion Inc. issues data sheets with Advance Information or Preliminary designations to advise readers of
product information or intended specifications throughout the product life cycle, including development,
qualification, initial production, and full production. In all cases, however, readers are encouraged to verify
that they have the latest information before finalizing their design. The following descriptions of Spansion data
sheet designations are presented here to highlight their presence and definitions.

Advance Information

The Advance Information designation indicates that Spansion Inc. is developing one or more specific
products, but has not committed any design to production. Information presented in a document with this
designation is likely to change, and in some cases, development on the product may discontinue. Spansion
Inc. therefore places the following conditions upon Advance Information content:

“This document contains information on one or more products under development at Spansion Inc.
The information is intended to help you evaluate this product. Do not design in this product without
contacting the factory. Spansion Inc. reserves the right to change or discontinue work on this proposed
product without notice.”

Preliminary

The Preliminary designation indicates that the product development has progressed such that a commitment
to production has taken place. This designation covers several aspects of the product life cycle, including
product qualification, initial production, and the subsequent phases in the manufacturing process that occur
before full production is achieved. Changes to the technical specifications presented in a Preliminary
document should be expected while keeping these aspects of production under consideration. Spansion
places the following conditions upon Preliminary content:

“This document states the current technical specifications regarding the Spansion product(s)
described herein. The Preliminary status of this document indicates that product qualification has been
completed, and that initial production has begun. Due to the phases of the manufacturing process that
require maintaining efficiency and quality, this document may be revised by subsequent versions or
modifications due to changes in technical specifications.”

Combination

Some data sheets contain a combination of products with different designations (Advance Information,
Preliminary, or Full Production). This type of document distinguishes these products and their designations
wherever necessary, typically on the first page, the ordering information page, and pages with the DC
Characteristics table and the AC Erase and Program table (in the table notes). The disclaimer on the first
page refers the reader to the notice on this page.

Full Production (No Designation on Document)

When a product has been in production for a period of time such that no changes or only nominal changes
are expected, the Preliminary designation is removed from the data sheet. Nominal changes may include
those affecting the number of ordering part numbers available, such as the addition or deletion of a speed
option, temperature range, package type, or V|q range. Changes may also include those needed to clarify a
description or to correct a typographical error or incorrect specification. Spansion Inc. applies the following
conditions to documents in this category:

“This document states the current technical specifications regarding the Spansion product(s)
described herein. Spansion Inc. deems the products to have been in sufficient production volume such
that subsequent versions of this document are not expected to change. However, typographical or
specification corrections, or modifications to the valid combinations offered may occur.”

Questions regarding these document designations may be directed to your local sales office.
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Distinctive Characteristics

B Density
— 1 Gbit / 2 Gbit/ 4 Gbit
B Architecture
— Input / Output Bus Width: 8-bits / 16-bits
— Page Size:
— x8:
1 Gbit: (2048 + 64) bytes; 64-byte spare area
2 Gbit / 4 Gbit: (2048 + 128) bytes; 128-byte spare area
- x16:
1 Gbit: (1024 + 32) words; 32-word spare area
2 Gbit / 4 Gbit (1024 + 64) words; 64-word spare area
— Block Size: 64 Pages
— x8:
1 Gbit: 128k + 4k bytes
2 Gbit / 4 Gbit: 128k + 8k bytes
- x16
1 Gbit: 64k + 2k words
2 Gbit / 4 Gbit: 64k + 4k words
— Plane Size
- x8
1 Gbit: 1024 Blocks per Plane or (128M + 4M) bytes
2 Gbit: 1024 Blocks per Plane or (128M + 8M) bytes
4 Gbit: 2048 Blocks per Plane or (256M + 16M) bytes
- x16
1 Gbit: 1024 Blocks per Plane or (64M + 2M) words
2 Gbit: 1024 Blocks per Plane or (64M + 4M) words
4 Gbit: 2048 Blocks per Plane or (128M + 8M) words

Performance

B Page Read / Program
— Random access: 25 ps (Max) (S34ML01G2)
— Random access: 30 ps (Max) (S34ML02G2, S34ML04G2)
— Sequential access: 25 ns (Min)
— Program time / Multiplane Program time: 300 ps (Typ)
B Block Erase (S34ML01G2)
— Block Erase time: 3 ms (Typ)
B Block Erase / Multiplane Erase (S34ML02G2, S34ML04G2)
— Block Erase time: 3.5 ms (Typ)

— Device Size
— 1 Gbit: 1 Plane per Device or 128 Mbyte
— 2 Gbit: 2 Planes per Device or 256 Mbyte
— 4 Gbit: 2 Planes per Device or 512 Mbyte
NAND Flash Interface
— Open NAND Flash Interface (ONFI) 1.0 compliant
— Address, Data, and Commands multiplexed
Supply Voltage
— 3.8V device: Vg =2.7V ~ 3.6V
Security
— One Time Programmable (OTP) area
— Serial number (unique ID) (Contact factory for support)
— Hardware program/erase disabled during power transition
Additional Features
— 2 Gb and 4 Gb parts support Multiplane Program and Erase
commands
— Supports Copy Back Program
— 2 Gb and 4 Gb parts support Multiplane Copy Back Program
— Supports Read Cache
Electronic Signature
— Manufacturer ID: 01h
Operating Temperature
— Industrial: -40°C to 85°C

Reliability

— 100,000 Program / Erase cycles (Typ)
(with 4-bit ECC per 528 bytes (x8) or 264 words (x16))

— 10 Year Data retention (Typ)

— Blocks zero and one are valid and will be valid for at least 1000
program-erase cycles with ECC

Package Options

— Lead Free and Low Halogen

— 48-Pin TSOP 12x20 x 1.2 mm

— 63-BallBGA9x 11 x 1 mm

— 67-Ball BGA 8 x 6.5 x 1 mm (S34ML01G2)

Publication Number S34ML01G2_04G2

Revision 10

Issue Date September 5, 2014

This document states the current technical specifications regarding the Spansion product(s) described herein. Spansion Inc. deems the products to have been in sufficient pro-
duction volume such that subsequent versions of this document are not expected to change. However, typographical or specification corrections, or modifications to the valid com-

binations offered may occur.
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1. General Description

The Spansion S34ML01G2, S34ML02G2, and S34ML04G2 series is offered in 3.3 Vg and Vg power
supply, and with x8 or x16 I/O interface. Its NAND cell provides the most cost-effective solution for the solid
state mass storage market. The memory is divided into blocks that can be erased independently so it is
possible to preserve valid data while old data is erased. The page size for x8 is (2048 + spare) bytes; for x16
(1024 + spare) words.

To extend the lifetime of NAND flash devices, the implementation of an ECC is mandatory.

The chip supports CE# don't care function. This function allows the direct download of the code from the
NAND flash memory device by a microcontroller, since the CE# transitions do not stop the read operation.

The devices have a Read Cache feature that improves the read throughput for large files. During cache
reading, the devices load the data in a cache register while the previous data is transferred to the I/O buffers
to be read.

Like all other 2-kB page NAND flash devices, a program operation typically writes 2 kbytes (x8) or 1 kword
(x16) in 300 ps and an erase operation can typically be performed in 3 ms (S34ML01G2) on a 128-kB block
(x8) or 64k-word block (x16). In addition, thanks to multiplane architecture, it is possible to program two pages
at a time (one per plane) or to erase two blocks at a time (again, one per plane). The multiplane architecture
allows program time to be reduced by 40% and erase time to be reduced by 50%.

In multiplane operations, data in the page can be read out at 25 ns cycle time per byte. The 1/O pins serve as
the ports for command and address input as well as data input/output. This interface allows a reduced pin
count and easy migration towards different densities, without any rearrangement of the footprint.

Commands, Data, and Addresses are asynchronously introduced using CE#, WE#, ALE, and CLE control
pins.

The on-chip Program/Erase Controller automates all read, program, and erase functions including pulse
repetition, where required, and internal verification and margining of data. A WP# pin is available to provide
hardware protection against program and erase operations.

The output pin R/B# (open drain buffer) signals the status of the device during each operation. It identifies if
the program/erase/read controller is currently active. The use of an open-drain output allows the Ready/Busy
pins from several memories to connect to a single pull-up resistor. In a system with multiple memories the
R/B# pins can be connected all together to provide a global status signal.

The Reprogram function allows the optimization of defective block management — when a Page Program
operation fails the data can be directly programmed in another page inside the same array section without the
time consuming serial data insertion phase.

Multiplane Copy Back is also supported. Data read out after Copy Back Read (both for single and multiplane
cases) is allowed.

In addition, Cache Program and Multiplane Cache Program operations improve the programing throughput by
programing data using the cache register.

The devices provide two innovative features: Page Reprogram and Multiplane Page Reprogram. The Page
Reprogram re-programs one page. Normally, this operation is performed after a failed Page Program
operation. Similarly, the Multiplane Page Reprogram re-programs two pages in parallel, one per plane. The
first page must be in the first plane while the second page must be in the second plane. The Multiplane Page
Reprogram operation is performed after a failed Multiplane Page Program operation. The Page Reprogram
and Multiplane Page Reprogram guarantee improved performance, since data insertion can be omitted
during re-program operations.

The devices are available in the TSOP48 (12 x 20 mm) package and come with the following security
features:

m OTP (one time programmable) area, which is a restricted access area where sensitive data/code can be
stored permanently.

W Serial number (unique identifier), which allows the devices to be uniquely identified. Contact factory for
support of this feature.

These security features are subject to an NDA (non-disclosure agreement) and are, therefore, not described
in the data sheet. For more details about them, contact your nearest Spansion sales office.

September 5, 2014 S34ML01G2_04G2_10 Spansion® SLC NAND Flash Memory for Embedded 9



N

SPANSION-® Data Sheet
A\
Density (bits)
Device Number of Planes Number:lf Blocks per
Main Spare ane
128M x 8 4M x 8
S34MLO1G2 1 1024
64M x 16 2M x 16
256M x 8 16M x 8
S34ML02G2 2 1024
128M x 16 8Mx 16
512M x 8 32M x 8
S34ML04G2 2 2048
256M x 16 16M x 16

1.1 Logic Diagram

Figure 1.1 Logic Diagram
VCC

CE# ——(Q C::) 1/00~1/07
WE# ———O
RE# ——Q O———R/B#
ALE
CLE
WP# ———O

VSS

Table 1.1 Signal Names

1/07 - 1/00 (x8)
Data Input / Outputs
1/08 - 1/015 (x16)

CLE Command Latch Enable
ALE Address Latch Enable
CE# Chip Enable
RE# Read Enable
WE# Write Enable
WP# Write Protect
R/B# Read/Busy

VCC Power Supply
VSS Ground

NC Not Connected
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Note:

Connection Diagram

Figure 1.2 48-Pin TSOP1 Contact x8, x16 Device

x16

NC
NC
NC
NC
NC
NC
R/B#
RE#
CE#
NC
NC
VCC
VSS
NC
NC
CLE
ALE
WE#
WP#
NC
NC
NC
NC
NC

x8

x8

NC []
NC [
NC ]
NC ]
NC ]
NC
R/B# ]
RE# [
ce# [
NC [
NC [
vee [
vss [
NC [
NC
CLE[]
ALE ]
WE# []
WP# [
NG O
NC ]
NG O
NC ]
NG O]

12
13

24

NAND Flash

TSOP1

48 [ vss(1)
me
—1NC
1 NC
1107
] 1106
1 1/05
] 1104
™1 NC
] vce(t)
1NC
—] vce
1] vss
] NC
—1 vee()
—NC
1 1/03
—1 /02
1 1/01
1 1/00
—INC
1 NC

—1NC
1 vss(1)

37
36

25

x16

VSS
1/015
1/014
1/013
1107
1/06
1/05
/04
/012
vCcC
NC
VvCC
VSS
NC
vCcC
1/011
1/03
/02
1/01
1/00
1/010
1/09
1/08
VSS
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1. These pins should be connected to power supply or ground (as designated) following the ONFI specification, however they might not be

bonded internally.

Note:

Figure 1.3 63-BGA Contact, x8 Device (Balls Down, Top View)

zim
2w

77N
VL
NC
N
M1
NC

,—\
(A2
NC

-8
{c3)
WP#

N

’
\D3)

VCC (1)

,—\
\E31
NC
,—\
\F3)
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-8
(a3
NC
,—\
VH3 1
NC
,—\
3
NC
,—\
K31
Vss
,—\
VL2
NC

,—\
M2
NC

-8
{ca)
ALE

SN
D4
RE#
TN
VE4 )
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,—\
WF4)
NC
)
{Ga)
Vee (1)
,—\
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1100
,—\
VU4
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,—\
vK4 )
102

-8
{cs5)
vss

s
\D5 )
CLE

s
VE5 )
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,—\
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N
(G5
NG
,—\
{Hs )
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,—\
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,—\
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103

-\
\C6 )
CE#
-

\D6 )
NC

o
N
NC
,—\
\F6 1
NC
-8
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,—\
\H6 1
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,—\
V61
Vee
,—\
(K6 1
1104

-\
\C7)
WE#
-
VD7)
NC

s
VE7)
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,—\
VF71
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-8
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,—\
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,—\
7
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,—\
VK7
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,—\
(A9}
NC
,—\
(B9}
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{cs)

RBY#

,—\

D8 |
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,—\

{8 )

NC

,—\

(F8)

NC

N

(a8

NC

,—\

(H8 |

VCC

,—\

{981

1107

,—\

(k8 )

Vss
,—\
VL9
NC
,—\
M9}
NC

-8
{a10)
NG
,_ ~
(B10)
NC

,— ~
{L10;
NC
,— ~
WM10/
NC

1. These pins should be connected to power supply or ground (as designated) following the ONFI specification, however they might not be

bonded internally.
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Figure 1.4 63-BGA Contact, x16 Device (Balls Down, Top View)

s TN AN /TN
(A1) \A2) VA9) (At0)
NC NC NC NC
I—\ I—\ I—\
{B1) (BO)  \BiOJ
NC NC NC
-8 “ N -8 -8 -8 -8
{ca) {cay Jcsy Jcer {cr1 (cs)
WP# ALE VSS CE# WE# RB#
I—\ I—\ I—\ I—\ I—\ I—\
\D3) \D4) \D5) \D6 ) D7) \D8 )
vcc RE# CLE NC NC NC
I—\ I—\ I—\ I—\ I— I—\
VE3 ) \E4) VE5 ) VE6 ) VE7 ) \E8 )
NC NC NC NC NC NC
I—\ I—\ I—\ I—\ I—\ I—\
(P31 (Fa)r  (Fs) (Fe1  (F71  (F8)
NC NC NC NC vss NC
-8 ) -8 -8 N N
(G3) (G4) (@5 ,G6I (G7) \G8)
NC vcC NC 11013 /015 NC
I—\ I—\ I—\ I—\ I—\ I—\
WH3) VH4 ) VH5 ) \HB ) VH7) \H8 )
/08 /00 /010 /012 /014 Vee
-8 -8 -8 -8 -8 -8
TN T T B - B O RN
1109 1101 11011 Ve 1105 1107
I—\ I—\ I—\ I—\ I—\ I—\
VK3 WK4) VK51 LCh VK71 VK8 )
Vss 1102 103 104 1106 Vs
-8 -8 -8 -8
Ly (L2 {9y {uo)
NC NC NC NC
I—\ I—\ I—\ I_‘
VM1 WM2) VM9 W10}
NC NC NC NC

Figure 1.5 67-BGA Contact (Balls Down, Top View)

TN N 17N 7N N
VA2 ) VA3) VA6 | VA7) VA8 )
~- ~- ~- ~- ~-
NC NC NC NC NC
17N TN r°N 1N 1N 1N TN 1N
\B1) \B2 \B3) \B4 \B5) \B6 1 \B71 B8
~- ~- ~- ~- ~- ~- ~- ~-
NC WP# ALE VSs CE# WE# RY/BY# NC
N N 17N 7N 1N N e N
\C1) \C2) \C3) \C4) \C5) \C6 ) \C7) \C8)
~- ~- ~- ~- ~- ~- ~- ~-
NC NC RE# CLE NC NC NC NC

’ ’ AN ’ AN A
D2 D3 D4 D51 D6 ) D7)

NC NC NC NC NC NC
1N 1N 1N 1N 1N 17N
vE2) VE3) VE4 VE5) \E6 ) VE7 1
<- <~ <- <~ <~ <-
NC NC NC NC NC NC

TN ’ TN ’ 1o s
WF2) WF31) VF4) WF51) \F6 1 VF71
~- ~- ~- ~- ~-

NC NC NC NC NC NC

N s 7N '~ 17N N
VG2 \G3) 1G4 \G5) \G6 ) \G71
~- ~- ~- ~-

~- ~-
NC 1/00 NC NC NC VCC
TN TN N TN N AN TN N
WH1) WH2 ) WH3) vH4 ) WH5) \H6 ) VH7 ) WH8)
~- ~- ~- ~- ~- ~- ~- ~-
NC NC 1/01 NC VCC 1/05 1107 NC
7N 27N TN 27N 1N 7N 27N 17N
W1 VJ2] vJ3) VJ4 ) vJ5) \J6 ) W71 \J8 )
~- ~- ~- ~- ~- ~- ~- ~-
NC VSS 1102 1/03 1/04 1106 VSS NC
,—\ I_\ ,—\ ,-\ ,-\ ,—\
VK1) VK2 VK3 VK6 ) VK71 K8
~- ~- ~- ~- ~- ~-
NC NC NC NC NC NC
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1.3 Pin Description

Table 1.2 Pin Description

Pin Name Description
/00 - 1/07 (x8) Inputs/Outputs. The I/O pins are used for command input, address input, data input, and data output. The
1/08 - /015 (x16) | /O pins float to High-Z when the device is deselected or the outputs are disabled.

Command Latch Enable. This input activates the latching of the 1/O inputs inside the Command Register on the

CLE - .
rising edge of Write Enable (WE#).

ALE Address Latch Enable. This input activates the latching of the 1/O inputs inside the Address Register on the rising
edge of Write Enable (WE#).

CE# Chip Enable. This input controls the selection of the device. When the device is not busy CE# low selects the
memory.

WE# Write Enable. This input latches Command, Address and Data. The 1/O inputs are latched on the rising edge of
WE#.

RE# Read Enable. The RE# input is the serial data-out control, and when active drives the data onto the I/O bus. Data is
valid tgep after the falling edge of RE# which also increments the internal column address counter by one.

WP# Write Protect. The WP# pin, when low, provides hardware protection against undesired data modification
(program / erase).

R/B# Ready Busy. The Ready/Busy output is an Open Drain pin that signals the state of the memory.
Supply Voltage. The V¢ supplies the power for all the operations (Read, Program, Erase). An internal lock circuit

VCC ; . .
prevents the insertion of Commands when V¢ is less than V ko.

VSS Ground.

NC Not Connected.

Notes:

1. A 0.1 uF capacitor should be connected between the Vo Supply Voltage pin and the Vgg Ground pin to decouple the current surges from
the power supply. The PCB track widths must be sufficient to carry the currents required during program and erase operations.

2. Aninternal voltage detector disables all functions whenever V¢ is below 1.8V to protect the device from any involuntary program/erase
during power transitions.

September 5, 2014 S34ML01G2_04G2_10 Spansion® SLC NAND Flash Memory for Embedded 13
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1.4 Block Diagram

Figure 1.6 Functional Block Diagram

Address
Register/
Counter

v

Program Erase
Controller
HV Generation

ALE

CLE L

WE#

CE# Command

WP# Interface
Logic

RE#

o

1024 Mbit + 32 Mbit (1 Gb Device)
2048 Mbit + 128 Mbit (2 Gb Device)
4096 Mbit + 256 Mbit (4 Gb Device) |

ITMOUOOmMU X

NAND Flash
Memory Array

[ 1]

PAGE Buffer

!

Command

v

Register

Data

v

Register

Y Decoder |

M— T

1/0O Buffer |

!

1/00~1/07 (x8)
1/00~1/015 (x16)
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1.5 Array Organization

Figure 1.7 Array Organization — S34ML01G2 (x8)

Plane(s) 1 Page = (2k + 64) Bytes
1 Block = (2k + 64) Bytes x 64 Pages
0 = (128k + 4k) Bytes
1 1 Plane = (128k + 4k) Bytes x 1024 Blocks
1024
Blocks 2
per .
Plane °
°
1022
1023
Page Buffer
~— A4
2048 Bytes 64 Bytes
Array Organization (x8)
Figure 1.8 Array Organization — S34ML01G2 (x16)
Plane(s) 1 Page = (1k + 32) Words
1 Block = (1k + 32) Words x 64 Pages
0 = (64k + 2k) Words
1 1 Plane = (64k + 2k) Words x 1024 Blocks
1024
Blocks 2
per °
Plane °
°
1022
1023
1
1 1
Page Buffer | 1/00~1/015
(- . o T
1024 Words 32 Words

Array Organization (x16)
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Figure 1.9 Array Organization — S34ML02G2 and S34ML04G2 (x8)

-« 2176 Bytes __p. g 2176 Bytes
/ / / é——» o7
i /00
Cache Reglster’ 2048 128 I 2048 | 128
Data Register ’ 2048 I 128 I 2048 | 128
1 Page = (2K+128) Bytes
S34ML02G2 has 1 Block = (2K+128) Bytes x 64 Pages
1024 Blocks per Plane T T = (128K+8K) Bytes
OCl OCl
S34ML04G2 has S34ML02G2 Device = (128K+8K) x 2048 Blocks
2048 Blocks per Plane S34ML04G2 Device = (128K+8K) x 4096 Blocks

\ \ J
Y Y

Plane 0 Plane 1

Array Organization (x8)

Figure 1.10 Array Organization — S34ML02G2 and S34ML04G2 (x16)

< 1088 Words . o 1088 Words »

VAV

Cache Register’ 1024 I o4 I 1024 |e4 |7’

Data Register[ 1024 | 64 | 1024 | o4

1 Page = (1K+64) Words
1 Block = (1K+64) Words x 64 Pages
= (64K+4K) Words
1 Block 1 Block
S34ML02G2 Device = (64K+4K) x 2048 Blocks
S34ML04G2 Device = (64K+4K) x 4096 Blocks

S34ML02G2 has
1024 Blocks per Plane

S34ML04G2 has
2048 Blocks per Plane

\ AN )
Y Y

Plane 0 Plane 1

Array Organization (x16)
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Table 1.3 Address Cycle Map — 1 Gb Device
Bus Cycle | /O [15:8] (5) /00 Vo1 /02 Vo3 Vo4 Vo5 /06 Vo7
x8
1st/ Col. Add.1 — A0 (CAD) | A1(CA1) | A2(CA2) | A3(CA3) | A4 (CA4) | A5(CA5) | A6 (CAB) | A7 (CA7)
2nd / Col. Add. 2 — A8 (CA8) | A9 (CA9) | A10 (CA10) | A11 (CAT1) Low Low Low Low
3rd / Row Add. 1 — A12 (PAO) | A13 (PA1) | A14 (PA2) | A15(PA3) | A16 (PA4) | A17 (PA5) | A18 (BAO) | A19 (BA1)
4th / Row Add. 2 — A20 (BA2) | A21 (BA3) | A22 (BA4) | A23 (BA5) | A24 (BAB) | A25 (BA7) | A26 (BA8) | A27 (BA9)
x16
1st/ Col. Add.1 Low A0 (CAO) | A1(CA1) | A2(CA2) | A3(CA3) | A4(CA4) | A5(CA5) | A6 (CAB) | A7 (CA7)
2nd/ Col. Add. 2 Low A8 (CA8) | A9 (CA9) | A10 (CA10) Low Low Low Low Low
3rd / Row Add. 1 Low A11(PAO) | A12 (PA1) | A13 (PA2) | A14 (PA3) | A15 (PA4) | A16 (PA5) | A17 (BAO) | A18 (BA1)
4th / Row Add. 2 Low A19 (BA2) | A20 (BA3) | A21 (BA4) | A22 (BA5) | A23 (BAB) | A24 (BA7) | A25 (BA8) | A26 (BA9)

Notes:

1. CAx = Column Address bit.

O A DN

PAx = Page Address bit.
BAXx = Block Address bit.
Block address concatenated with page address = actual page address, also known as the row address.
I/O[15:8] are not used during the addressing sequence and should be driven Low.

For the x8 address bits, the following rules apply:

B AO - A11: column address in the page
B A12 - A17: page address in the block
B A18 - A27: block address

For the x16 address bits, the following rules apply:

H AO - A10: column address in the page
m A11 - A16: page address in the block
W A17 - A26: block address

September 5, 2014 S34ML01G2_04G2_10
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1.6.2 S34ML02G2
Table 1.4 Address Cycle Map — 2 Gb Device

Bus Cycle | 1/0 [15:8] (6) 1/00 /01 /02 1/03 1/04 /05 /06 1107
x8
1st/ Col. Add.1 — AO (CAO) | A1 (CA1) | A2(CA2) A3 (CA3) | A4 (CA4) | A5(CA5) | A6 (CAB) | A7 (CA7)
2nd/ Col. Add. 2 — A8 (CA8) | A9 (CA9) | A10 (CA10) | A11 (CA11) Low Low Low Low
3rd / Row Add. 1 — A12 (PAO) | A13 (PA1) | A14 (PA2) | A15(PA3) | A16 (PA4) | A17 (PA5) (PTABO) A19 (BAO)
4th / Row Add. 2 — A20 (BA1) | A21 (BA2) | A22 (BA3) | A23 (BA4) | A24 (BA5) | A25 (BA6) | A26 (BA7) | A27 (BA8)
5th / Row Add. 3 — A28 (BA9) Low Low Low Low Low Low Low
x16
1st/ Col. Add.1 Low AO (CAO) | A1 (CA1) | A2(CA2) A3 (CA3) | A4 (CA4) | A5(CA5) | A6 (CA6) | A7 (CA7)
2nd/ Col. Add. 2 Low A8 (CA8) | A9 (CA9) | A10 (CA10) Low Low Low Low Low
3rd / Row Add. 1 Low A11 (PAO) | A12 (PA1) | A13 (PA2) | A14 (PA3) | A15 (PA4) | A16 (PA5) (Ifl_1A70) A18 (BAO)
4th / Row Add. 2 Low A19 (BA1) | A20 (BA2) | A21 (BA3) | A22 (BA4) | A23 (BA5) | A24 (BA6) | A25 (BA7) | A26 (BAS)
5th / Row Add. 3 Low A27 (BA9) Low Low Low Low Low Low Low
Notes:

CAx = Column Address bit.

PAx = Page Address bit.

PLAO = Plane Address bit zero.

BAXx = Block Address bit.

Block address concatenated with page address and plane address = actual page address, also known as the row address.

I N N

I/O[15:8] are not used during the addressing sequence and should be driven Low.

For the x8 address bits, the following rules apply:

B AO - A11: column address in the page

B A12 - A17: page address in the block

B A18: plane address (for multiplane operations) / block address (for normal operations)
m A19 - A28: block address

For the x16 address bits, the following rules apply:

® AO - A10: column address in the page

m A11 - A16: page address in the block

B A17: plane address (for multiplane operations) / block address (for normal operations)
m A18 - A27: block address
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1.6.3 S34ML04G2
Table 1.5 Address Cycle Map — 4 Gb Device
Bus Cycle | 1/0 [15:8] (6) /100 1/01 1/102 1/03 /104 /105 1/106 1107
x8
1st/ Col. Add.1 — A0 (CA0) | A1 (CA1) A2 (CA2) A3 (CA3) A4 (CA4) | A5 (CA5) | A6 (CAB) | A7 (CA7)
2nd/ Col. Add. 2 — A8 (CA8) | A9 (CA9) |A10(CA10) | A11(CA11) Low Low Low Low
3rd / Row Add. 1 — A12 (PAO) | A13 (PA1) | A14(PA2) | A15(PA3) | A16 (PA4) | A17 (PA5) (Ifljfo) A19 (BAO)
4th / Row Add. 2 — A20 (BA1) | A21 (BA2) | A22 (BA3) | A23 (BA4) | A24 (BA5) | A25 (BAB) | A26 (BA7) | A27 (BA8)
5th / Row Add. 3 — A28 (BA9) | A29 (BA10) Low Low Low Low Low Low
x16
1st/ Col. Add.1 Low AO (CA0) | A1 (CA1) A2 (CA2) A3 (CA3) A4 (CA4) | A5 (CA5) | A6 (CA6) | A7 (CA7)
2nd/ Col. Add. 2 Low A8 (CA8) | A9 (CA9) |A10(CA10) Low Low Low Low Low
3rd / Row Add. 1 Low A11 (PAO) | A12 (PA1) | A13(PA2) | A14 (PA3) | A15(PA4) | A16 (PA5) (PAL1A70) A18 (BAO)
4th / Row Add. 2 Low A19 (BA1) | A20 (BA2) | A21 (BA3) | A22 (BA4) | A23 (BA5) | A24 (BA6) | A25 (BA7) | A26 (BA8)
5th / Row Add. 3 Low A27 (BA9) | A28 (BA10) Low Low Low Low Low Low
Notes:
1. CAx = Column Address bit.
2. PAx = Page Address bit.
3. PLAO = Plane Address bit zero.
4. BAx = Block Address bit.
5. Block address concatenated with page address and plane address = actual page address, also known as the row address.
6. 1/O[15:8] are not used during the addressing sequence and should be driven Low.

For the x8 address bits, the following rules apply:

B AO - A11: column address in the page
B A12 - A17: page address in the block

B A18: plane address (for multiplane operations) / block address (for normal operations)

B A19 - A29: block address

For the x16 address bits, the following rules apply:

® AO - A10: column address in the page
m A11 - A16: page address in the block

B A17: plane address (for multiplane operations) / block address (for normal operations)

B A18 - A28: block address

September 5, 2014 S34ML01G2_04G2_10
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1.7 Mode Selection

Table 1.6 Mode Selection

Mode CLE ALE CE# WE# RE# WP#
Command Input High Low Low Rising High X
Read Mode
Address Input Low High Low Rising High X
Command Input High Low Low Rising High High
Program or Erase Mode
Address Input Low High Low Rising High High
Data Input Low Low Low Rising High High
Data Output (on going) Low Low Low High Falling X
Data Output (suspended) X X X High High X
Busy Time in Read X X X High High (3) X
Busy Time in Program X X X X X High
Busy Time in Erase X X X X X High
Write Protect X X X X X Low
Stand By X X High X X 0V /Vee (2)
Notes:

1. Xcan be V or V. High = Logic level high, Low = Logic level low.
2. WP# should be biased to CMOS high or CMOS low for stand-by mode.
3. During Busy Time in Read, RE# must be held high to prevent unintended data out.

2. Bus Operation

There are six standard bus operations that control the device: Command Input, Address Input, Data Input,
Data Output, Write Protect, and Standby. (See Table 1.6.)

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

2.1 Command Input

The Command Input bus operation is used to give a command to the memory device. Commands are
accepted with Chip Enable low, Command Latch Enable high, Address Latch Enable low, and Read Enable
high and latched on the rising edge of Write Enable. Moreover, for commands that start a modify operation
(program/erase) the Write Protect pin must be high. See Figure 6.1 on page 45 and Table 5.4 on page 42 for
details of the timing requirements. Command codes are always applied on 1/07:0 regardless of the bus
configuration (x8 or x16).

2.2 Address Input

The Address Input bus operation allows the insertion of the memory address. For the S34ML02G2 and
S34ML04G2 devices, five write cycles are needed to input the addresses. For the S34ML01G2, four write
cycles are needed to input the addresses. If necessary, a 5th dummy address cycle can be issued to
S34ML01G2, which will be ignored by the NAND device without causing problems. Addresses are accepted
with Chip Enable low, Address Latch Enable high, Command Latch Enable low, and Read Enable high and
latched on the rising edge of Write Enable. Moreover, for commands that start a modify operation (program/
erase) the Write Protect pin must be high. See Figure 6.2 on page 46 and Table 5.4 on page 42 for details of
the timing requirements. Addresses are always applied on 1/07:0 regardless of the bus configuration (x8 or
x16). Refer to Table 1.3 through Table 1.5 on page 19 for more detailed information.
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2.5

2.6
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Data Input

The Data Input bus operation allows the data to be programmed to be sent to the device. The data insertion is
serial and timed by the Write Enable cycles. Data is accepted only with Chip Enable low, Address Latch
Enable low, Command Latch Enable low, Read Enable high, and Write Protect high and latched on the rising
edge of Write Enable. See Figure 6.3 on page 46 and Table 5.4 on page 42 for details of the timing
requirements.

Data Output

The Data Output bus operation allows data to be read from the memory array and to check the Status
Register content, and the ID data. Data can be serially shifted out by toggling the Read Enable pin with Chip
Enable low, Write Enable high, Address Latch Enable low, and Command Latch Enable low. See Figure 6.4
on page 47 and Table 5.4 on page 42 for details of the timings requirements.

Write Protect

The Hardware Write Protection is activated when the Write Protect pin is low. In this condition, modify
operations do not start and the content of the memory is not altered. The Write Protect pin is not latched by
Write Enable to ensure the protection even during power up.

Standby

In Standby, the device is deselected, outputs are disabled, and power consumption is reduced.

September 5, 2014 S34ML01G2_04G2_10 Spansion® SLC NAND Flash Memory for Embedded 21
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3. Command Set

Table 3.1 Command Set

Acceptable Supported on
Command 1st Cycle 2nd Cycle 3rd Cycle 4th Cycle Co_mmand S34ML01G2
during Busy
Page Read 00h 30h No Yes
Page Program 80h 10h No Yes
Random Data Input 85h No Yes
Random Data Output 05h EOh No Yes
Multiplane Program 80h 11h 81h 10h No No
ONFI Multiplane Program 80h 11h 80h 10h No No
Page Reprogram 8Bh 10h No Yes
Multiplane Page Reprogram 8Bh 11h 8Bh 10h No No
Block Erase 60h DOh No Yes
Multiplane Block Erase 60h 60h DOh No No
ONFI Multiplane Block Erase 60h D1h 60h DOh No No
Copy Back Read 00h 35h No Yes
Copy Back Program 85h 10h No Yes
Multiplane Copy Back Program 85h 11h 81h 10h No No
ONFI Multiplane Copy Back Program 85h 11h 85h 10h No No
Special Read For Copy Back 00h 36h No No
Read Status Register 70h Yes Yes
Read Status Enhanced 78h Yes No
Reset FFh Yes Yes
Read Cache 31h No Yes
Read Cache Enhanced 00h 31h No Yes
Read Cache End 3Fh No Yes
Cache Program (End) 80h 10h No Yes
Cache Program (Start) / (Continue) 80h 15h No Yes
Multiplane Cache Program (Start/Continue) 80h 11h 81h 15h No No
ONFI Multiplane Cache Program (Start/Continue) 80h 11h 80h 15h No No
Multiplane Cache Program (End) 80h 11h 81h 10h No No
ONFI Multiplane Cache Program (End) 80h 11h 80h 10h No No
Read ID 90h No Yes
Read ID2 30h-65h-00h 30h No Yes
Read ONFI Signature 90h No Yes
Read Parameter Page ECh No Yes
Read Unique ID (Contact Factory) EDh No Yes
One-time Programmable (OTP) Area Entry 29h-17h-04h-19h No Yes
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3.1 Page Read

Page Read is initiated by writing 00h and 30h to the command register along with five address cycles (four or
five cycles for S34ML01G2). Two types of operations are available: random read and serial page read.
Random read mode is enabled when the page address is changed. All data within the selected page are
transferred to the data registers. The system controller may detect the completion of this data transfer (tg) by
analyzing the output of the R/B pin. Once the data in a page is loaded into the data registers, they may be
read out in 25 ns cycle time by sequentially pulsing RE#. The repetitive high to low transitions of the RE#
signal makes the device output the data, starting from the selected column address up to the last column
address.

The device may output random data in a page instead of the sequential data by writing Random Data Output
command. The column address of next data, which is going to be out, may be changed to the address that
follows Random Data Output command. Random Data Output can be performed as many times as needed.

After power up, the device is in read mode, so 00h command cycle is not necessary to start a read operation.
Any operation other than read or Random Data Output causes the device to exit read mode.

See Figure 6.6 on page 48 and Figure 6.12 on page 51 as references.

3.2 Page Program

A page program cycle consists of a serial data loading period in which up to 2 kbytes (x8) or 1 kword (x16) of
data may be loaded into the data register, followed by a non-volatile programming period where the loaded
data is programmed into the appropriate cell.

The serial data loading period begins by inputting the Serial Data Input command (80h), followed by the five
cycle address inputs (four cycles for S34ML01G2) and then serial data. The words other than those to be
programmed do not need to be loaded. The device supports Random Data Input within a page. The column
address of next data, which will be entered, may be changed to the address that follows the Random Data
Input command (85h). Random Data Input may be performed as many times as needed.

The Page Program confirm command (10h) initiates the programming process. The internal write state
controller automatically executes the algorithms and controls timings necessary for program and verify,
thereby freeing the system controller for other tasks.

Once the program process starts, the Read Status Register commands (70h or 78h) may be issued to read
the Status Register. The system controller can detect the completion of a program cycle by monitoring the
R/B# output, or the Status bit (1/086) of the Status Register. Only the Read Status commands (70h or 78h) or
Reset command are valid while programming is in progress. When the Page Program is complete, the Write
Status Bit (I/O0) may be checked. The internal write verify detects only errors for 1’s that are not successfully
programmed to 0’s. The command register remains in Read Status command mode until another valid
command is written to the command register. Figure 6.9 on page 49 and Figure 6.11 on page 50 detail the
sequence.

The device is programmable by page, but it also allows multiple partial page programming of a word or
consecutive bytes up to 2 kbytes (x8) or 1 kword (x16) in a single page program cycle.

The number of consecutive partial page programming operations (NOP) within the same page must not
exceed the number indicated in Table 5.7 on page 44. Pages may be programmed in any order within a
block.

If a Page Program operation is interrupted by hardware reset, power failure or other means, the host must
ensure that the interrupted page is not used for further reading or programming operations until the next
uninterrupted block erase is complete.
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3.3 Multiplane Program — S34ML02G2 and S34ML04G2

The S34ML02G2 and S34ML04G2 devices support Multiplane Program, making it possible to program two
pages in parallel, one page per plane.

A Multiplane Program cycle consists of a double serial data loading period in which up to 4352 bytes (x8) or
2176 words (x16) of data may be loaded into the data register, followed by a non-volatile programming period
where the loaded data is programmed into the appropriate cell. The serial data loading period begins with
inputting the Serial Data Input command (80h), followed by the five cycle address inputs and serial data for
the 1st page. The address for this page must be in the 1st plane (PLAO = 0). The device supports Random
Data Input exactly the same as in the case of page program operation. The Dummy Page Program Confirm
command (11h) stops 1st page data input and the device becomes busy for a short time (tpggy). Once it has
become ready again, the ‘81h’ command must be issued, followed by 2nd page address (5 cycles) and its
serial data input. The address for this page must be in the 2nd plane (PLAO = 1). The Program Confirm
command (10h) starts parallel programming of both pages.

Figure 6.13 on page 51 describes the sequences using the legacy protocol. In this case, the block address
bits for the first plane are all zero and the second address issued selects the block for both planes.

Figure 6.14 on page 52 describes the sequences using the ONFI protocol. For both addresses issued in this
protocol, the block address bits must be the same except for the bit(s) that select the plane.

The user can check operation status by monitoring R/B# pin or reading the Status Register (command 70h or
78h). The Read Status Register command is also available during Dummy Busy time (tipgsy). In case of
failure in either page program, the fail bit of the Status Register will be set. Refer to Section 3.8 on page 28 for
further info.

The number of consecutive partial page programming operations (NOP) within the same page must not
exceed the number indicated in Table 5.7 on page 44. Pages may be programmed in any order within a
block.

If a Multiplane Program operation is interrupted by hardware reset, power failure or other means, the host
must ensure that the interrupted pages are not used for further reading or programming operations until the
next uninterrupted block erases are complete for the applicable blocks.

3.4 Page Reprogram

Page Program may result in a fail, which can be detected by Read Status Register. In this event, the host
may call Page Reprogram. This command allows the reprogramming of the same pattern of the last (failed)
page into another memory location. The command sequence initiates with reprogram setup (8Bh), followed
by the five cycle address inputs of the target page. If the target pattern for the destination page is not changed
compared to the last page, the program confirm can be issued (10h) without any data input cycle, as
described in Figure 3.1.
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Figure 3.1 Page Reprogram
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On the other hand, if the pattern bound for the target page is different from that of the previous page, data in
cycles can be issued before program confirm ‘10h’, as described in Figure 3.2.

Figure 3.2 Page Reprogram with Data Manipulation
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The device supports Random Data Input within a page. The column address of next data, which will be
entered, may be changed to the address which follows the Random Data Input command (85h). Random
Data Input may be operated multiple times regardless of how many times it is done in a page.

The Program Confirm command (10h) initiates the re-programming process. The internal write state
controller automatically executes the algorithms and controls timings necessary for program and verify,
thereby freeing the system controller for other tasks. Once the program process starts, the Read Status
Register command may be issued to read the Status Register. The system controller can detect the
completion of a program cycle by monitoring the R/B# output, or the Status bit (1/0O6) of the Status Register.
Only the Read Status command and Reset command are valid when programming is in progress. When the
Page Program is complete, the Write Status Bit (I/O0) may be checked. The internal write verify detects only
errors for 1’s that are not successfully programmed to 0’s. The command register remains in Read Status
command mode until another valid command is written to the command register.
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The Page Reprogram must be issued in the same plane as the Page Program that failed. In order to program
the data to a different plane, use the Page Program operation instead. The Multiplane Page Reprogram can
re-program two pages in parallel, one per plane. The Multiplane Page Reprogram operation is performed
after a failed Multiplane Page Program operation. The command sequence is very similar to Figure 6.13,
Multiplane Page Program on page 51, except that it requires the Page Reprogram Command (8Bh) instead
of 80h and 81h.

If a Page Reprogram operation is interrupted by hardware reset, power failure or other means, the host must
ensure that the interrupted page is not used for further reading or programming operations until the next
uninterrupted block erase is complete.

3.5 Block Erase

The Block Erase operation is done on a block basis. Block address loading is accomplished in three cycles
(two cycles for S34ML01G2) initiated by an Erase Setup command (60h). Only the block address bits are
valid while the page address bits are ignored.

The Erase Confirm command (DOh) following the block address loading initiates the internal erasing process.
This two-step sequence of setup followed by the execution command ensures that memory contents are not
accidentally erased due to external noise conditions.

At the rising edge of WE# after the erase confirm command input, the internal write controller handles erase
and erase verify. Once the erase process starts, the Read Status Register commands (70h or 78h) may be
issued to read the Status Register.

The system controller can detect the completion of an erase by monitoring the R/B# output, or the Status bit
(1/06) of the Status Register. Only the Read Status commands (70h or 78h) and Reset command are valid
while erasing is in progress. When the erase operation is completed, the Write Status Bit (1/00) may be
checked. Figure 6.15 on page 52 details the sequence.

If a Block Erase operation is interrupted by hardware reset, power failure or other means, the host must
ensure that the interrupted block is erased under continuous power conditions before that block can be
trusted for further programming and reading operations.

3.6 Multiplane Block Erase — S34ML02G2 and S34ML04G2
Multiplane Block Erase allows the erase of two blocks in parallel, one block per memory plane.

The Block erase setup command (60h) must be repeated two times, followed by 1st and 2nd block address
respectively (3 cycles each). As for block erase, DOh command makes embedded operation start. In this
case, multiplane erase does not need any Dummy Busy Time between 1st and 2nd block insertion. See
Table 5.7 on page 44 for performance information.

For the Multiplane Block Erase operation, the address of the first block must be within the first plane

(PLAO = 0) and the address of the second block in the second plane (PLAO = 1). See Figure 6.16 on page 53
for a description of the legacy protocol. In this case, the block address bits for the first plane are all zero and
the second address issued selects the block for both planes. Figure 6.17 on page 53 describes the
sequences using the ONFI protocol. For both addresses issued in this protocol, the block address bits must
be the same except for the bit(s) that select the plane.

The user can check operation s