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INFORMATION IN THIS DOCUMENT IS INTENDED AS A REFERENCE TO ASSIST OUR CUSTOMERS IN THE SELECTION
OF SHANGHAI FUDAN MICROELECTRONICS GROUP CO., LTD PRODUCT BEST SUITED TO THE CUSTOMER'S
APPLICATION AND SHANGHAI FUDAN MICROELECTRONICS GROUP CO., LTD DOES NOT GUARANTEE THE
AUTHENTICITY AND INTEGRITY OF THE INFORMATION.

INFORMATION DO NOT CONVEY ANY LICENSE UNDER ANY INTELLECTUAL PROPERTY RIGHTS, OR ANY OTHER RIGHTS,
BELONGING TO SHANGHAI FUDAN MICROELECTRONICS GROUP CO., LTD OR ATHIRD PARTY.

WHEN USING THE INFORMATION CONTAINED IN THIS DOCUMENTS, PLEASE BE SURE TO EVALUATE ALL INFORMATION
AS ATOTAL SYSTEM BEFORE MAKING A FINAL DECISION ON THE APPLICABILITY OF THE INFORMATION AND PRODUCTS.
PURCHASERS ARE SOLELY RESPONSIBLE FOR THE CHOICE, SELECTION AND USE OF THE SHANGHAI FUDAN
MICROELECTRONICS GROUP CO., LTD PRODUCTS AND SERVICES DESCRIBED HEREIN, AND SHANGHAI FUDAN
MICROELECTRONICS GROUP CO., LTD ASSUMES NO LIABILITY WHATSOEVER RELATING TO THE CHOICE, SELECTION
OR USE OF THE SHANGHAI FUDAN MICROELECTRONICS GROUP CO., LTD PRODUCTS AND SERVICES DESCRIBED
HEREIN. UNLESS EXPRESSLY APPROVED IN WRITING BY AN AUTHORIZED SHANGHAI FUDAN MICROELECTRONICS
GROUP CO., LTD REPRESENTATIVE, SHANGHAI FUDAN MICROELECTRONICS GROUP CO., LTD PRODUCTS ARE NOT
RECOMMENDED, AUTHORIZED OR WARRANTED FOR USE IN MILITARY, AIR CRAFT, SPACE, LIFE SAVING, OR LIFE
SUSTAINING APPLICATIONS, NOR IN PRODUCTS OR SYSTEMS WHERE FAILURE OR MALFUNCTION MAY RESULT IN
PERSONAL INJURY, DEATH, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE.

FUTURE ROUTINE REVISIONS WILL OCCUR WHEN APPROPRIATE, WITHOUT NOTICE. CONTACT SHANGHAI FUDAN
MICROELECTRONICS GROUP CO., LTD SALES OFFICE TO OBTAIN THE LATEST SPECIFICATIONS AND BEFORE PLACING
YOUR PRODUCT ORDER. PLEASE ALSO PAY ATTENTION TO INFORMATION PUBLISHED BY SHANGHAI FUDAN
MICROELECTRONICS GROUP CO., LTD BY VARIOUS MEANS, INCLUDING SHANGHAI FUDAN MICROELECTRONICS
GROUP CO., LTD HOME PAGE (HTTP://WWW.FMSH.COM/).

PLEASE CONTACT SHANGHAI FUDAN MICROELECTRONICS GROUP CO., LTD LOCAL SALES OFFICE FOR THE
SPECIFICATION REGARDING THE INFORMATION IN THIS DOCUMENT OR SHANGHAI FUDAN MICROELECTRONICS
GROUP CO., LTD PRODUCTS.
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Shanghai Fudan Microelectronics Group Co., Ltd name and logo, the “& H” logo are trademarks or registered trademarks of
Shanghai Fudan Microelectronics Group Co., Ltd or its subsidiaries in China.
Shanghai Fudan Microelectronics Group Co., Ltd, Printed in the China, All Rights Reserved.
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Features Summary

Single-level cell(SLC) technology
ONFI 1.0 Compliant

Voltage Supply
- 2.7V -~36V
- 1.7V ~1.95v

Memory Cell Organization
— Page Size:

X8: 2K+128 bytes
— Block Size: 64 Pages

X8: 128K+8K bytes
— Plane Size: 2048 Blocks
— 1 Device: 2 Plane

Page Read / Program Time
— Random Read Time: 30us (Max.)
— Sequential Access time:

3.3V Device: 25ns

1.8V Device: 30ns

Program/Erase/Read Speed
— Page Program time : 400us (Typ.)
— BLOCK ERASE time : 4ms (Typ.)
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Command/Address/Data Multiplexed
I/O Port
Hardware Data Protection
— Program/Erase Lockout during Power
Transitions
Reliability
— Endurance : 100K Program/Erase
Cycles
— Data retention: 10 years

ECC Requirement
— 8bit/512 byte

Command Driven Operation

Package
— TSOP48 (12X20mm)
— FBGAG63 (9X11mm)

— All Packages are RoHS Compliant and
Halogen-free

Datasheet
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Summary Description

FM29F04I13/FM29LF04I3 is a 512Mx8bit with spare 32Mx8(x8) bit capacity.

The device is offered in 3.3/1.8 Vcc Power Supply, and with x8 1/O interface.

The memory is divided into blocks that can be erased independently so it is possible to preserve
valid data while old data is erased.

The device contains 4096 blocks, composed by 64 pages consisting in two NAND structures of 32
series connected Flash cells.

Program operation allows the 2176-byte page writing in typical 400us and an erase operation can be
performed in typical 4ms on a 128K-byte block.

Data in the page can be read out at 20ns cycle time per byte (3.3V version), and at 30ns cycle time
per byte (1.8V version). The I/O pins serves as the ports for address and data input/output as well as
command input. This interface allows a reduced pin count and easy migration towards different
densities, without any rearrangement of footprint.

Commands, Data and Addresses are synchronously introduced using CE#, WE#, ALE and CLE
input pin.

The on-chip Program/Erase controller automates all program and erase functions including pulse
repetition, where required, and internal verification and margining of data. The modify operations can
be locked using WP# input pin.

This device supports ONFI 1.0 specification.

The output pin R/B# (open drain) signals the status of the device during program/erase/read
operation. In a system with multiple memories the R/B# pins can be connected all together to provide
a global status signal.

The FM29F04I13/FM29LF04I3 is available in the following packages: 48-TSOP 12X20 mm package
and FBGA63 9X11mm.

Product List

Part Number Organization \Vcc range Package
FM29F0413 X8 2.7V ~ 3.6V TSOP48, BGA63
FM29LF0413 X8 1.7 -1.95V TSOP48, BGA63
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1.2. Package
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Figure 1 FM29F0413/FM29LF04I3 pad assignments, TSOP48
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Figure 2 FM29F04I13/FM29LF0413 ball assignments, FBGA63
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1.3. Pin Description

Pin Name FUNCTION
Data Inputs/Outputs
/00~1/07 The_ I/O pins are us_,ed to input cor_nmand, address and data, an(_j to output data

during read operations. The 1/O pins float to high-z when the chip is deselected or
when the outputs are disabled.
Command Latch Enable

CLE The CLE input controls the activating path for commands sent to the command
register. When active high, commands are latched into the command register
through the I/O ports on the rising edge of the WE# signal.
Address Latch Enable

ALE The ALE input controls the activating path for address to the internal address
register. Addresses are latched on the rising edge of WE# with ALE high.
Chip Enable

CE# The CE# input is the device selection control. When the device is in the Busy
State, CE# high is ignored, and the device does not return to standby mode in
program or erase operation.
Read Enable

RE# The RE# input is the serial data-out control, and when active drives the data onto
the 1/0O bus. Data is valid tgea after the falling edge of RE# which also increments
the internal column address counter by one.
Write Enable

WE# The WE# input controls writes to the 1/0 port. Commands, address and data are
latched on the rising edge of the WE# pulse.
Write Protect

WP# The WP# pin provides inadvertent program/erase protection during power
transitions. The internal high voltage generator is reset when the WP# pin is
active low.
Ready/Busy Output
The R/B# output indicates the status of the device operation. When low, it

R/B# indicates that a program, erase or random read operation is in process and
returns to high state upon completion. It is an open drain output and does not
float to high-z condition when the chip is deselected or when outputs are
disabled.

Vee Pow_er _
Vcc is the power supply for device.

Vss Ground

N.C No co.nnecti.on

) Lead is not internally connected.
Note:

1. A 0.1uF capacitor should be connected between the VCC supply Voltage pin and the VSS Ground

pin to decouple the current surges from the power supply. The PCB tracks widths must be sufficient

to carry the currents required during program and erase operations.
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1.4. Block Diagram
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Figure 3 FM29F0413/FM29LF04I13 NAND Flash Memory Block Diagram

1.5. Memory Mapping
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Figure 4 FM29F0413/FM29LF0413 Memory Map
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1.7.
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Address role

M

N semmF

NN

DQO | DQL | DQ2 | DQ3 | DQ4 | DQ5 | DQ6 | DQ7
1st Cycle AO Al A2 A3 A4 A5 AG A7
2nd Cycle A8 A9 A10 | A1l 0 0 0 0
3rd Cycle A12 A13 | Al14 | Al15 | Ale | A17 | A18 A19
4th Cycle A20 A21 | A22 | A23 | A24 | A25 | A26 A27
5th Cycle A28 A29 | A30 0 0 0 0 0

NOTE:

AO

- Al11 : byte (column) address in the page

Al12 - Al7 : page address in the block

Al8
A19 - A30 : block address

Command Set

: plane address(for multi-plane operations) / block address(for normal operations)

Accept
Function 1% Cycle | 2" Cycle | 3™ Cycle | 4™ Cycle C%T:Pnznd
Busy
Read 00h 30h - -
Read for copy back 00h 35h - -
Read ID 90h - - -
Reset FFh - - - Yes
Page PGM 80h 10h - -
Copy-Back Program 85h 10h - -
Multi-Plane Read for copy back 00h 32h 00h 35h
Multi-Plane Read for copy back 60h 60h 35h
Multi-Plane Read 00h 32h 00h 30h
Multi-Plane Read 60h 60h 30h -
Multi-Plane PGM 80h 11h 80h/81h 10h
Multi-Plane Copy Back Program 85h 11h 85h/81h 10h
Block Erase 60h DOh - -
Multi-Plane Block Erase 60h 60h DOh -
ONFI Multi-Plane Block Erase 60h D1h 60h DOh
Read Status 70h - - - Yes
Read Status Enhanced 78h - - - Yes
Random Data Input®”) 85h - - -
Random Data Output®®) 05h EOh - -
Read Parameter Page ECh - - -
Read Unique ID EDh - - -
Tablel Command Sets
NOTE:
1. Random Data Input/Output can be executed in a page.
Caution: Any undefined command inputs are prohibited except for above command set of Table 1.
LBEENBFEARMRERAE
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2. Bus Operation

The bus on the device is multiplexed. Data 10, addresses and commands all share the same

pins.

M

N semmF

NN

The command sequence typically consists of a COMMAND LATCH cycle, address input cycles,

and one or more data cycles, either READ or WRITE.

There are serial standard bus operations that control the device. These are Command Input,
Address Input, Data Input, Data Output, Write Protect, and Standby.

Mode CLE | ALE| CE# WE# RE# WP#
Command Input H L L H X
R M
ead Mode Address Input L H L H X
. Command Input H L L Rising H H
Write M
ite Mode ™ idress Input L H L H H
Data Input L L L H H
Data Output L L L H Falling X
During Read (Busy) X X X X H X
During Program (Busy) X X X X X H
During Erase (Busy) X X X X X H
Write Protect x® X X X X L
Stand-by X X H X X ov/iVec®
NOTE:

1. Xcanbe VIL or VIH.
2. WP# should be biased to CMOS high or CMOS low for standby.

2.1. Command Latch Cycle

Command Input bus operation is used to give a command to the memory device. Command 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
starts a modify operation (write/erase) the Write Protection pin must high.

CLE

CE#

tCLS

tCLH \T\

tCs

tCH

WE#

ALE

tALH

R/B#

twB

ZZ

VIH or VIL

Figure 5 Command Latch timing
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2.2. Address Latch Cycle

Address Input bus operation allows the insertion of the memory address. 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.

tcLs {CcLH
CLE
‘ tcs teH twe twe tcH
ce# \ % % 0 % _
twp tWH‘
WE# *\l\; I
taLs tALH
Tl taLs
0 U U \
tps

10 CAW CA8to 1% PAOto7 PA8to15 PA16 t02§<

_ VIHorVIL

Figure 6 Address Latch timing

2.3. Input Data Latch Cycle

Data Input bus operation allows to feed to the device the data to be programmed. The data
insertion is serially and timed by the Write Enable cycles. Data are accepted only with Chip
Enable low, Address Latch Enable low, Command Latch Enable low and Read Enable High, and
Write Protect High and latched on the rising edge of Write Enable.

tcLs teLn
CLE 1l 4
tcs ten tes tcH
CE# ‘ @(3 h J
taLs % tAL«r
wc
ALE Z 1
twp twh twe twe
N e
o
WE# N N/
tos| tow tos | toH tbs ton
0
10 DinO \ Dinl X Din Fin
~__ VIHorVIL

Figure 7 Input Data Latch timing
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Serial Access Cycle after Read (CLE=L, WE#=H, ALE=L)

Data Output bus operation allows to output data from the device. The data output cycle is
serially and timed by the Read Enable cycles. Data output may be used with CE# don't care.
However, if CE# don't care is used tcga and tcon timing requirements shall be met by the host.

tRC LR
tRR tC
CE# /
tRP tREH tCH
tCOH
RE# |/ Ruz / /| trwz
tREA | tRHOH tRHOH
0 pout —
tRR
R/B# J
] VIHorVIL
NOTES:

1. Transition is measured at £200mV from steady state voltage with load.
2. This parameter is sampled and not 100% tested.

3. trion is valid when frequency is higher than 33MHz.

4. trHon Starts to be valid when frequency is lower than 33MHz.

Figure 8 Serial Read timing

Serial Access Cycle after Read (EDO Type, CLE=L,
WE#=H, ALE=L)

If the host uses a sequential access time (tRC) of less than 30ns, the data can be latched on the
next falling edge of RE# as the waveform of EDO mode.

tRC CLR
tRR t
Z
ce# /
K tCHZ
tRP tREH oM
RE# — /| tRHOH ﬁ -/ {RHZ
tREA tRLOH | tRHOH
10 Dout ><]M>< Dout —
tRR )
R/B# J
7 VIHorVIL
NOTES:
1. Transition is measured at £200mV from steady state voltage with load.
2. This parameter is sampled and not 100% tested.
3. triow is valid when frequency is higher than 33MHz.
4. truon Starts to be valid when frequency is lower than 33MHz.
Figure 9 Serial Read timing with EDO mode
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The Program and Erase Operations are automatically reset when WP# goes low. The operations
are disabled and enabled as follows.

ALl ALl
WE# WE#
tww, tww,
10 80 h —— 10h 10 80 h )—+ 10h
WP# ) WP# «
tPROG ‘IRST‘
RIB# " ] RIB#
Figure 10 Write Protect Disable VS Enable with Program
ALl ALl
WE# WE#
tww, tww,
10 60 h —5—— DOh 10 60 h )—5+— DOh
WP# ) WP# «
t ERAS ‘IRST‘
R/B# " R/B#
Figure 11 Write Protect Disable VS Enable with Erase
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Device Operations

Page Read Operation
Common Page Read (0O0H-30H)

Page read is initiated by writing 00h-30h to the command register along with five address cycles.

The 2,176 bytes of data within the selected page are transferred to the cache registers in less
than 30us (tg).

The system controller can detect the completion of his data transfer (tg) by analyzing the output
of R/B# pin or read status. Once the data in a page is loaded into the cache registers, they may
be read out in tzc cycle time by sequentially pulsing RE#. The repetitive high to low transitions of
the RE# clock make the device output the data starting from the selected column address up to
the last column address.

After power up, 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 device to exit read mode.
After the last data has been read out, CE# may be pulled up for some time to end the read
operation, while during the RE# toggle cycle, CE# may be don't care when RE# is high. The CE#
Don't care feature may simplify the system interface, which allows controller to directly download
the code from flash device, and the CE# transitions will not stop the read operation during the
latency time.

ter

CLE M / teis | tein %

ces ft%%t%%%% b1 B D B
we U1 Uy

tan fas ] tacm tas

ta

ALE ——F—+—
tr tre |

RE# twe \/ \/ \

o 7)o Wl R o TJ? S O (0

[ S Data out from
Col. Add.N Row Add Col. Add.N

R/B# N ad

7 VIHorVvIiL

Figure 12 Read Operation
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3.1.2. Random Data Output (05H-EOH)

The device may output random data in a page instead of the consecutive data by writing random
data output command (05h-EOh). The column address of next data, which is going to be out,
may be changed to the address which follows random data output command. Random data
output can be operated multiple times regardless of how many times it is done in a page.
Random data output shall be issued when the device is in a read idle condition.

S gE#HET
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tes
CE# | k

CLE | ktCLS tCLHﬂ
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w72
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tes |tew
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taLs taLH

\
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tie

Y

L CAO CAS8
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Figure 13
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3.1.3. Read for copy back(00h-35h)

The Copy-Back Read is configured to efficiently rewrite data stored in a page without data
reloading when no error within the page is found. The data is read out only at page buffer for
copy-back program.

Though it is not required, it is recommended that the host read the data out of the device to
verify the data prior to issuing the Copy-Back Program (85h-10h) command to prevent the
propagation of data errors.

| fes |to tes | ten
CE# « % /) H D D

wes TeaTaniantaniat

tay tas tacn tais

ta

ALE ———7—

tr tre |

RE# e

r tcea
tos|ton ‘%. .
T tREA
D
. e o

N
[ E— [ Data out from
Col. Add.N Row Add Col.Add.N

R/B# \ /

7 VIHorVviL

o FARY L
CLe JtCLS teLH 55

_an )

Nl

twh

ALE

Al AN

W
RE# \

Col Add Row Add

R/B#

VIH or VIL

Do not input data while data is being output

Figure 14 Copy-Back Program operation
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3.1.4. Multi-Plane Read (00h-32h-00h-30h)

The Multi-Plane Page Read operation is an extension of the Page Read operation. The device
supporting Multi-plane page read operation also allows multi Random data-output from each
plane (i.e. Multi-Plane Random Data Output) once multi-pages from each plane are loaded to
cache register. With the primary command, R/B# returns to ready in a short time (i.e. tpgsy) after
the first command 32h since it does not load data from a selected page, and the selected page
data of each plane are transferred to the cache registers in less than tg after command 30h.
When setting page addresses of each plane, the page addresses shall be identical although
block addresses differ.

The Multi-Plane addresses shall be set in a consecutive manner from a lower address plane to a
higher address plane and the same plane address shall not be set twice within a set of address
sequence for the Multi-Plane Page Read operation. Starting plane address shall be Plane0.
Once the data is loaded into the cache register, the data on the first plane can be read out by
issuing the Multi-Plane Random Data Output command. The data on the other plane can be also
read out using the identical command sequences.

Following figure define Multi-plane Page Read and Multi-plane Random Data Output timings.

CLE J( teis tCLHﬂ XtCLS teiH XtCLS tewn /‘/[CLS e
tes | to tes | ton fes | tey tes |ten
ces Al b b b b 4

WE# \ 4 }twc 1 Y Y ERY \ \ *‘LI—W/—CL/—\J—\J/—\J—\J

tay_tacs tan) tacs tay _tas [ALH‘ tas
| |

- 1 I

tossy R

tws
DBSY |
_tos| tos|ton
T T m I
| CA C. PAQJjiit PA8 it PALE6
/ L | Il | IM 00n to7 to1l to7 to15 to2 30n
Col. Add.N Row Add Col. Add.N Row Add
R/B#

twe

[1]
| tes |toy tes te tes [ten
cex MMMM /)
twe twe

wes Y o T e P Ve Vann U s Uann Fuml

tay tais | tacn tas [*‘i‘

| |
ALE /( LJ \1\
tre
'

RE# \ / L

[ [ - =
Col. Add.N Row Add Col. Add.N Col AddN

" W viHorviL

Figure 15 Multi-Plane Read operation

Following figure defines another type of Multi-plane Page Read operation. Multi-plane Page
Read is initiated by repeating command 60h followed by three address cycles twice and
following a 30h command. In this case, only same page of same block can be selected from
each plane.
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Figure 16 Multi-Plane Read operation
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3.1.5. Multi-Plane Read for Copy Back (00h-32h-00h-35h)

The Multi-Plane Copy Back Program operation is extension of the two sets of commands, multi-
Plane Read for Copy Back and multi-Plane Copy Back Program. The Multi-Plane addresses
shall be set in a consecutive manner of a lower address plane to a higher address plane and the
same plane address shall not be set twice within a set of address setting sequence for the Multi-
Plane Read for Copy Back Program operation. Starting plane address shall be Plane0.
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Figure 17 Multi-Plane Read for copy back operation
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Following figure defines another type of Multi-Plane Copy Back Program operation. It consists of
the two sets of commands, multi-Plane Read for Copy Back and multi-Plane Copy Back
Program. Multi-plane Read for Copy back is initiated by repeating command 60h followed by
three address cycles twice and following a 35h command. In this case, only same page of same
block can be selected from each plane.
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Figure 18 Multi-Plane Read for copy back operation
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Page Program Operation
Common Page Program(80h-10h)

The device is programmed basically on a page basis, but it does allow multiple partial page
programming of a word or consecutive bytes up to 2,176, in a single page program cycle. The
number of consecutive partial page programming operation within the same page without an
intervening erase operation must not exceed 4 times for a single page. The addressing should
be done in sequential order in a block.

A page program cycle consists of a serial data loading period in which up to 2,176bytes of data
may be loaded into the cache 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 and then serial data loading. The words other than those to be
programmed do not need to be loaded.

The Page Program confirm command (10h) initiates the programming process. Writing 10h
alone without previously entering the serial data will not initiate the programming process. The
internal write state controller automatically executes the algorithms and 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(I06) of the Status Register. Only the Read Status command and Reset
command are valid while programming is in progress. When the Page Program is complete, the
Write Status Bit(I00) 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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Do not input data while data is being output

Figure 19 Program & Read Status Operation
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3.2.2. Page Program Operation with Random Data Input(85h-10h)

The device supports random data input in a page. The column address for the next data, which
will be entered, may be changed to the address which follows random data input command
(85h). Random data input may be operated multiple times regardless of how many times it is
done in a page.
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| les L les
CE# ‘ ‘
ALl
H‘ ten
e\ o L e LERYAYA
taLs

ALE

RE#

Col Add Row Add

R/B#

cLe JEH\ lorg / \ \w S

‘ ™ A

| tes | les
CE# ‘\ ‘ « % /Z‘/ %
ey
WE# L tay Ht J taLH §§§§§§§§§ \4
ALS

ALE // fwHE
- A\

A\ —_—
RE# <§§§§§§§

Col Add Row Add

R/B#

VIH or VIL

Do not input data while data is being output

Figure 20 Random Data Input In a Page
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Copy-Back Program with Random Data Input(85h-10h)

The Copy-Back program is configured to quickly and efficiently rewrite data stored in one page
without utilizing an external memory. Since the time-consuming cycles of serial access and re-
loading cycles are removed, the system performance is improved.

The benefit is especially obvious when a part of a block is updated and the rest of the blocks
also needs to be copied to the newly assigned free block.

The operation for performing a copy-back program is a sequential execution of page-read
without serial access and copying-program with the address of destination page. A read
operation with "35h" command and the address of the source page moves the whole 2,176-byte
data into the internal cache register. As soon as the device returns to Ready state, optional data
read-out is allowed by toggling RE#, or Copy Back command (85h) with the address cycles of
destination page followed may be written. The Program Confirm command (10h) is required to
actually begin the programming operation. Data input cycle for modifying a portion or multiple
distant portions of the source page is allowed. When there is a program-failure at Copy-Back
operation, error is reported by pass/fail status.

Once the program process starts, the Read Status Register command (70h) may be entered 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(I0 6) of the Status Register.

When the Copy-Back Program is complete, the Write Status Bit(IO 0) may be checked. The
internal write verification 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.

During copy-back program, data modification is possible using random data input command
(85h) .
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Figure 21 Page Copy-Back Program Operation
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Figure 22 Page Copy-Back Program Operation with random data in

Multi-Plane Program Operation(80h-11h-80h/81h-10h)

Device supports multiple plane program: it is possible to program 2 pages in parallel, one per
each plane.

A multiple plane program cycle consists of a double serial data loading period in which up to
4352 bytes of data may be loaded into the cache register, followed by a non-volatile
programming period where the load data is programmed into the appropriate cell. The serial
data loading period begins with inputting the Serial Data Input command (80h), followed by the 5
cycle address inputs and serial data for the 1st page. Address for this page must be in the 1st
plane. The device supports random data input exactly same as in the case of page program
operation. The dummy Page Program Confirm command (11h) stops 1st page data input and
device becomes busy for a short time (tpgsy).

Once it has become ready again, either the "81h" or "80h" command must be issued, followed
by 2nd page address (5 cycles) and its serial data input. Address for this page must be in the
2nd plane. Program Confirm command (10h) makes parallel programming of both pages to start.
Use can check operation status by monitoring R/B# pin or reading status register commands
(70h or 78h), as if it were a normal page program; read status register command is also
available during Dummy Busy time (tpgsy)-

In case of fail in any of 1st and 2nd page program, fail bit of status register will be set; however ,
in order to know page failed, ONFI 1.0 "read status enhanced" command must be issue for
further information.
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Figure 23 Multi-Plane Program
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3.2.5. Multi-Plane Copy back Program(85h-11h-85h-10h)

Multi-Plane Copy-Back Program is an extension of the Copy-back Program. As for page
program, device supports Multi-plane copy back program with exactly same sequence and
limitations. Multi-plane copy back program must be preceded by 2 single page read for copy
back command sequences. Starting address should be plane 0.

Multi-plane copy back cannot cross plane boundary, the contents of the source page of one
device plane can be copied only to a destination page of the same plane.
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Figure 24 Multi-Plane Read for Copy Back Program
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Block Erase Operation
Common Block Erase Operation(60h-DO0Oh)

The Erase operation is done on a block basis. Block address loading is accomplished in three
cycles initiated by an Erase Setup command (60h). Only address PA6 to PA17 is valid while
PAO to PAS is ignored. The Erase Confirm command (DOh) following the block address loading
initiates the internal erasing process. This two-step sequence of setup followed by 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
command may be entered 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 106 of the Status
Register. Only the Read Status command and Reset command are valid while erasing in
progress. When the erase operation is completed, the Write Status Bit(IO 0) may be checked.
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Figure 26 Block Erase Operation
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3.3.2. Multi-Plane Block Erase Operation(60h-60h-DO0h)

Multi-Plane Block Erase allows the erase of two blocks in parallel, one block per 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, multi-plane erase does not need any dummy Busy time between 1st
and 2nd block insertion and should obey the multi-plane operation rule.
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Figure 27 Multi-Plane Block Erase Operation
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Reset(FFh)

The device offers a reset feature, executed by writing FFh to the command register. When the
device is in Busy state during random read, program or erase mode, the reset operation will
abort these operations. The contents of memory cells being altered are no longer valid, as the
data will be partially programmed or erased. The command register is cleared to wait for the next
command, and the Status Register is cleared to value EOh when R/B# is high. If the device is
already in ready state a new reset command will be accepted by the command register. The
R/B# pin changes to low for tgst after the Reset command is written.

t
CLE 4@5 teLn
fcs tcs
CE# \

WE# ‘ tRST
‘ twe
10 FFh
R/B#

Figure 29 Reset Operation

Read Device information
Read ID and ONFI Signature (90h)

The device contains a product identification mode, initiated by writing 90h to the command
register, followed by an address input of 00h. Five read cycles sequentially output the
manufacturer code (Alh), and the device code and 3rd, 4th, 5th cycle ID respectively. The
command register remains in Read ID mode until further commands are issued to it. Figure 30
shows the operation sequence.

tCLS

CLE tCLS

tCs ‘ tCS tC‘H ‘tCEA
e\ |2 |2
WE#

tALH
tALH | tALS tAR

ALE
RE# tDH

DS tREAT ] tREA

Address ar

10 90h an code’

ID Read

command

V] VIHor VIL

Figure 30 Read ID Operation
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tCLS
CLE _ /tCLS
tCs _ tCS [tCH tCEA
CE# ) ‘ ‘
WE#
tALH
tALH tALS tAR
ALE
RE# tDH
tbs W tREA™ | (RE
10 90n, Address aF— 4E 46 49
ID Read -
command .
] VIHorViL
Figure 31 Read Signature
Device Maker Code | Device Code | 3rd Cycle 4th Cycle 5th Cycle
FM29F04I13 Alh F3h 10h 15h 57h
FM29LF04I13 Alh A3h 10h 15h 57h
Read ID Definition Table
3" ID Data
Description I07 | 106 | IO5 | 104 | 103 | 102|101 | 100
1 0 0
. 2 0 1
Internal Chip Number 4 1 0
8 1 1
2 Level Cell 0 0
4 Level Cell 0 1
Cell Type 8 Level Cell 1] o0
16 Level Cell 1 1
1 0 0
Number of Simultaneously 2 0 1
Programmed Pages 4 1 0
8 1 1
Interleave Program Not support 0
Bet Itiple chi
etween multiple chips Support 1
Not Support 0
Cach
ache program Support 1
LBEERBFERARMBERAH
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4" |D Data

N semmF

NN

Description

107

106

105

104

103

102

101 | 100

Page Size
(w/o redundant area)

1KB

2KB

4KB

8KB

R kOO
R OO

Block Size
(w/o redundant area)

64KB

128KB

256KB

512KB

PR, OO

R OO

Spare Area Size
(byte/512 Byte)

16

32

IO Organization

X8

X16

Serial Access Minimum

45ns/30ns

20ns

Reserved

Reserved

R OO

R Rk O|O

59D Data

Description

107

106

105

104

103

102

101 | 100

Plane Number

Rk IO|O

= Ol |O

Plane Size(w/o
redundant Area)

4Gb

8Ghb

R RPFRPPFP OO OO

PP OOIRLIFLIO|IO

PO, O, OIL|O

ECC Level

1 bit/512
Byte

2 bit/512
Byte

4 bit/512
Byte

8 bit/512
Byte

Internal ECC

ECC disable

0

ECC enable

1

To retrieve the ONFI signature, the command 90h together with an address of 20h shall be
entered. The ONFI signature is the ASCII encoding of ‘ONFI’ where ‘O’ = 4Fh, ‘N’ = 4Eh, ‘F’ =
46h, and ‘I' = 49h. Reading beyond four bytes yields indeterminate values. Figure 31 shows the

operation sequence .
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3.5.2. Read Unique ID(EDh)

The Read Unique ID function is used to retrieve the 16 byte unique ID (UID) for the device. The
unique ID when combined with the device manufacturer shall be unique.

The UID data may be stored within the Flash array. To allow the host to determine if the UID is
without bit errors, the UID is returned with its complement. If the XOR of the UID and its bit-wise
complement is all ones, then the UID is valid. To accommodate robust retrieval of the UID in the
case of bit errors, sixteen copies of the UID and the corresponding complement shall be stored
by the target. For example, reading bytes 32-63 returns to the host another copy of the UID and
its complement.

To change the data output location, it is recommended to use the Random Data Out command
set (O5H-EOH).The Status Read command (70H) can be used to check the completion. To
continue the read operation, a following read command (00h) to re-enable the data out is

necessary.
Bytes Value
0-15 uib
16-31 UID complement(bit-wise)
tCLS
CLE tCLS
tCS
CE# ‘
WE#
tALH
tALH tALS
ALE
RE# tDH
tbs tREAH tRE
10 EDh; ’Adg;ess UOo { ULo uoL UL
tR
R/BH#

Figure 32 Read Unique ID Operation
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Read Parameter Page(ECh)
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The Read Parameter Page function retrieves the data structure that describes the chip’s
organization, features, timing and other behavioral parameters. This data structure enables the
host processor to automatically recognize the NAND Flash configuration of a device. A minimum
of three copies of the parameter page are stored in the device. The Read Status command (70H)
may be used to check the status of read parameter page during execution. After completion of
the Read Status command, O0H is issued by the host on the command line to continue with the
data output flow for the Read Parameter Page command.

tCLS
tCS
CE#
WE#
tALH
tALH tALS
ALE
RE# tDH
DS tREA tRE
10 ECh) {ddress POo ( Plo P01 PLi
tR ‘
R/B# ‘
Figure 33 Read Parameter ID Operation
Byte Number | O/M Descriptions Values
Parameter Page signature
Byte 0: 4Fh, “O”
0~3 M Byte 1: 4Eh, “N’ ‘Z';T{ ‘L';ﬂ’
Byte 2: 46h, “F” '
Byte 3: 49h, “I”
Revision number
N 2-15 Reserved(0)
4-5 M 1 1=supports ONFI version 1.0 02h,00h
0 reserved (0)
Feature supported
6-15 reserved (0)
5 1 = supports source synchronous
4 1 = supports odd to even page Copyback
6~7 M 3 1 = supports interleaved operations 10h,00h
2 1 = supports non-sequential page
programming
1 1 = supports multiple LUN operations
0 1 = supports 16-bit data bus width
N Optional command supported
8-9 M 6-15 Reserved (0) 38h,00n
LBEERBFERARMERAH
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5 1 = supports Read Unique ID
4 1 = supports Copyback
3 1 = supports Read Status Enhanced
2 1 = supports Get Features and Set Features
1 1 = supports Read Cache commands
0 1 = supports Page Cache Program command
10~31 Reserved All 00h
46h,55h,44h,
41h,
39-43 M Device manufacture (12 ASCII | 4eh,4dh,49h,
characters)‘FUDANMICRO ” 43h,
52h,4fh, 20h,
20h
46h,4dh,32h,
39h,
46h,30h,34h,
49h,
p ” 33h,20h,
Devi FM29F0413 20h, 20h,
ce 20h, 20h,
mod 20h, 20h,
el 20h, 20h,
20 20h,20h
44-63 M el 46h,4dh,32h,
I 39h,
char 4Ch,46h,30h,
acter 34h,
S) p ” 49h,33h,
FM29LF0413 20h, 20h,
20h, 20h,
20h, 20h,
20h, 20h,
20h,20h
64 M Manufacture ID Alh
65~66 o Date code 00h,00h
67~79 Reserved All 00h
00h, 08h,
80~83 M Number of data bytes per page 00h. 00h
84~85 M Number of spare bytes per page 80h, 00h
. 00h, 02h,
86~89 M Number of data bytes per partial page 00h. 00h
90~91 M Number of spare bytes per partial page 20h,00h
40h, 00h,
92~95 M Number of pages per block 00h. 00h
. 00h, 10h,
96~99 M Number of blocks per block unit 00h, 00h
100 M Number of logic units 01h
101 M Number of address bytes 23h
102 M Number of bits per cell 01h
103~104 M Bad blocks maximum per LUN 28h, 00h
105~106 M Block endurance 0Ah,04h
107 M Guaranteed valid blocks at beginning of target 01h
108~109 M Block endurance for guaranteed valid blocks 01h,03h
110 M Number of programs per page 04h
Partial programming attributes
5-7 Reserved
1l M 4 1 = partial page layout is partial page data 00h
followed by partial page spare
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1-3 Reserved
0 1 = partial page programming has constraints
112 M Number of ECC bits 08h
Interleaved addressing
113 M 4-7 Reserved (0) 00h
0-3 Number of interleaved address bits
Interleaved operation attribute
4-7 Reserved (0)
114 o 3 Ad_dress restrictions for program cache 00h
2 1 = program cache supported
11 =no block address restrictions
0 Overlapped / concurrent interleaving support
115~127 Reserved All 00h
128 M I/O pin capacitance, maximum OAh
Timing mode support
6-15 Reserved (0)
5 1 = supports timing mode 5 1Fh,00h(3.3
4 1 = supports timing mode 4 V)
129~130 M 3 1 = supports timing mode 3 0Fh,00h(1.8
2 1 = supports timing mode 2 V)
11 = supports timing mode 1
0 1 = supports timing mode 0, shall be 1
131~132 0] Program cache timing OOH
133~134 M Maximum page program time (us) E8h,03h
135~136 M Maximum block erase time (us) 10h,27h
137~138 M Maximum page read time (us) 1Eh,00h
139~163 Reserved All 00h
164~165 M Vendor specified revision number 00h,00h
166~253 Vendor specific All 00h
254~255 M Integrity CRC Set at test
256~511 M Value of bytes 0~255
512~767 M Value of bytes 0~255
768+ 6] Reserved

Notes:

1. “O” Stands for Optional, “M” for Mandatory

2. The Integrity CRC (Cycling Redundancy Check) field is used to verify that the contents of the
parameters page were transferred correctly to the host. Please refer to ONFI 1.0 specifications
for details.

The CRC shall be calculated using the following 16-bit generator polynomial: G(X) = X*® + X*°

X2+ 1
. CRC value
Part Number Organization Vcc range Byte254-255
FM29F0413 X8 2.7-3.6V 88H. 9EH
FM29LF0413 X8 1.7 -1.95V 60H. 1EH
L BEEBERBEFERARBERLA
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Read Status(70h)

The device contains a Status Register which may be read to find out whether program or erase
operation is completed, and whether the program or erase operation is completed successfully.
After writing 70h command to the command register, a read cycle outputs the content of the
Status Register to the 1/O pins on the falling edge of CE# or RE#, whichever occurs last. This
allows the system to poll the progress of each device in multiple memory connections even
when R/B# pins are common-wired. RE# or CE# does not need to be toggled for updated status.
The command register remains in Status Read mode until further commands are issued to it.
Therefore, if the status register is read during a random read cycle, the read command(00h)
should be given before starting read cycles.

iCLR
CLE tCLS  tCLH
tCs
CE# \ Y
WP | tCH tCEA
WE# L 1 e tCHZ
tWHR iCo
RE# o RHOH
DS | tDH, tIR

tREA tRHZ

~Status
10 70h
R/B#
V] VIHorVIL
Figure 34 Status Read timing
110 Page Program Block Erase Page Read Definition
FAIL
/100 Pass/Fail Pass/Fail Not use Pass: 0O
Fail: 1
/1O 1 Not use Not use Not use Not use
/O 2 Not use Not use Not use Not use
/1O 3 Not use Not use Not use Don’t Care
/O 4 Not use Not use Not use Don’t Care
Read/Busy Read/Busy Busy : O
/O 5 Read/Busy(ARDY) (ARDY) (ARDY) Ready: 1
Busy : O
I R B R B R B
/106 ead/Busy ead/Busy ead/Busy Ready: 1
/o7 Write Protect Write Protect Write Protect Protected: 0
Not Protected: 1

Table 2  Status Register Definition for 70h and 78h Command

Notes:

1. I/0O0: This bit is only valid for Program and Erase operations.

2. 1/O5: If set to high, then there is no array operation in progress. If cleared to 0, then there is a
command being processed (I/O6 is cleared to low) or an array operation in progress.

3. I/07: the bit indicates if the block is protected, which include WP# protection and other
protection.
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Read Status Enhanced(78h)

Read Status Enhanced is an additional feature used to retrieve the status value for a previous
operation in the following cases:
-On a specific plane in case of multi-plane operations in the same die

Follow figure defines the Read Status Enhanced behavior and timings. Writing 78h to the
command register, followed by three row address cycles containing the page,block.

The command register remains in Status Read mode until further commands are issued.

Read Status Enhanced command is prohibited during the reset (FFh) command.

tc s
CLE
— ) teg ten

._tes Ltes

|
| ton
o o U e

e

CE#

taLs

RE#

tps ton  [os tow

|
0T8I o ez Output

A
Row Add

] WVIHorVIL

Figure 35 Status Read Enhanced timing

Ready/Busy

The device has a R/B# output that provides a hardware method of indicating the completion of a
page program, erase and random read completion. The R/B# pin is normally high but transitions
to low after program or erase command is written to the command register or random read is
started after address loading. It returns to high when the internal controller has finished the
operation. The pin is an open-drain driver thereby allowing two or more R/B# outputs to be Or-
tied. Because pull-up resistor value is related to tr(R/B#) and current drain during busy (ibusy) ,
an appropriate value can be obtained with the following reference chart. Its value can be
determined by the following guidance.

VICC
I Ibusy

3.3V deviceVOL - 0.4V, VOH - 2.4V
1.8V device-VOL : 0.1V, VOH - VCCO1V

Ready Vec

L

o ouut |
open drain output
—| Co

|

7/ - ,,E

Figure 36 Rp Vs tr,tf & Rp vs ibusy
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@VCC=1.8V, Ta=25C, CL=30pF

—t—tr ——tf Ibusy

140 18
17

120 ra I
/ 14
100
12
/{

tr,tfjns] 50 o0 5/ L 1 IbusymA]

‘{ 043 | ga

20

F 0.2
17 17 17 17
0 & : = : a 0
1k 2k 3k 4k
Rp(ohm)
@VCC=3.3V, Ta=25"C, CL=50pF
——tr —g=tf Ibusy

250 3

25

o / IbusyimA]
- 15
100 150
1
0.8
50

-+

- 05
. 18 ‘ 18 I - 18 ‘ .l.ﬂ 0
1k 2k 3k ak
Rp(chm)
Rp value guidance
R - 3.3v) = Vee (Max.) — Vo (Max.) __32v
P (min,3.3v) = lov + 5lL BmA+L
_ Vece (Max.) — Vo (Max.) 1.85V
Rp (min,1.8v) = loc» 5 T 3mA+l,

where IL is the sum of the input currents of all devices tied to the R/B# pin.
Rp(max) is determined by maximum permissible limit of tr
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3.9. Data Protection & Power up sequence

The device is designed to offer protection from any involuntary program/erase during power-
transitions. An internal voltage detector disables all functions whenever Vcc is below about Vth.
WP# pin provides hardware protection and is recommended to be kept at V,_ during power-up
and power-down. A recovery time of minimum 2ms is required before internal circuit gets ready
for any command sequences as shown in Figure 37.

L
[

Vth Vth

vee 7T Vth™2. 5V for 3.3V Device
Vth™1.5V For 1.8V Device

L
[t

CE#

L
-+

WP#

2ms

R/B#

Figure 37 Data protection and power on/off

3.10. Multi-Plane Operation Limitation

Multi-plane commands require an address per operational plane. For a given multi-plane
operation, these addresses are subject to the following requirements:

* The plane address bits must be different for each issued address.

* The page address bits must be identical for each issued address.

* Multi-plane copy back cannot cross plane boundaries.

* Multi-plane operation should in the same LUN.

LI BEBERMBTFERARRBRERAT

Shanghai Fudan Microelectronics Group Company Limited Datasheet

FM29F0413/FM29LF04I3 3.3V/1.8V 4G-BIT NAND FLASH MEMORY Ver.1.2 39




Shanghai Fudan Microelectronics Group Company Limited

M

4. Electrical Characteristics
4.1. Valid Block
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Parameter Symbol Min Typ Max Unit
FM29F0413/FM29
LEO4I3 Nys 4,016 — 4,096 Block
NOTE:

1. The device may include initial invalid blocks when first shipped. Additional invalid blocks may develop while
being used. The number of valid blocks is presented with both cases of invalid blocks considered. Invalid
blocks are defined as blocks that contain one or more bad bits. Do not erase or program factory-marked bad

blocks. Refer to the attached technical notes for appropriate management of invalid blocks.

2. The 1st block, which is placed on 00h block address, is guaranteed to be a valid block up to 1K

program/erase cycles with 8bit/512Byte ECC.
3. Each FM29F04I3/FM29LF04I3 chip has Maximum 80 invalid blocks.

4.2. Absolute Maximum Ratings

Parameter Symbol Rating Unit
Vee -0.6 to Vcc+0.4
Voltage on any pin relative to Vss VN -0.6 to Vcc+0.4 \%
Vo -0.6 to Vcc+0.4
Temperature Under Bias Trias -50 to +125 °C
Storage Temperature Tste -65 to +150 °C

NOTE:

1. Minimum DC voltage is -0.6V on input/output pins. During transitions, this level may undershoot to -2.0V for

periods <30ns.

Maximum DC voltage on input/output pins is VCC+0.3V which, during transitions, may overshoot to

VCC+2.0V for periods <20ns.

2. Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional
operation should be restricted to the conditions as detailed in the operational sections of this data sheet.

Exposure to absolute maximum rating conditions for extended periods may affect reliability.
Maximum Negative Overshoot Waveform Maximum Positive Overshoot Waveform
20ns
i 20ns
Yss -
Vec + 2.0V -
WVss-2 0V
20ns Vee
Pad 4 » “« >
20ns 20ns

Figure 38 Input Test Waveform and Measurement Level

4.3. Recommended Operation Conditions
(Voltage reference to GND, FM29F0413/FM29LF0413: T,=-40°C~85°C)

Parameter Symbol Min Typ Max Unit
1.8V Supply Voltage Vce 1.7 1.8 1.95 \%
3.3V Supply Voltage Vce 2.7 3.3 3.6 \%
Supply Voltage Vss 0 0 0 \%
LESEERBFEARBRERLH
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4.4, DC And Operating Characteristics
Test 3.3V 1.8V .
Parameter Symbol Conditions | Min | Typ | Max | Min | Typ | Max Unit
. trc=25ns,C
oerat Seduentia | iee1 | E#=V.
cﬁfrre{ﬁltng lour=OMA | . | 15 | 20 | - |15 20 & mA
Program Icc2 -
Erase Icc3 -
CE#=Vcc-
Standby 0.2,
Current(CMOS) lse2 | \wpg=ownve| - | 0 %0 - 1050
\Y —CO to uA
IN—
Input Leakage Current I Vee(max) - - +10 - - +10
Output Leakage Vour=0to i i i i
Current o Vec(max) *10 *10
; 0.8x Vce+ | 0.8x Vce+
Input High voltage Viy - Ve - 03 | vee | - 03
0.2xV 0.2xV
Input Low voltage Vi - -0.3 - e -0.3 - e
. _ Vcce Vv
Output High voltage v lon=-100UA | - - - o1 -
OH .
Level lon=-400UA | 2.4 | - R
Output Low voltage Vv lor=100uA | - - - - - 01
Level | la=21mA | - - | 04 | - - -
Output Low loL Vo, =0.1V - - - 3 4 A
Current(R/B#) (R/B#) Vo =0.4V 8 10 - - -
NOTE:
1. VIL can undershoot to -0.4V and VIH can overshoot to VCC +0.4V for duration of 20ns or less.
4.5. AC Test Condition
4.5.1. Test Condition
(Ta=-40~85°C)
Parameter Value
Input Pulse Levels 0V to Vcc
Input Rise and Fall Times <bns
Input and Output Timing Levels Vce/2
Output Load 1 TTL GATE and CL=30pF
4.5.2. Capacitance
(TA=25°C, f=1.0MHz)
Parameter Symbol Test Condition Min Max Unit
Input/Output Capacitance Cio VIL=0V — 10 pF
Input Capacitance Cin VIL=0V — 10 pF
Note: Capacitance is periodically sampled and not 100% tested.
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Test .
Parameter Symbol Condition Typ Unit
Program Time/Multi-plane program time trrOG — 400 1000 us
Dummy Busy Time for Multi-plane
PGM/ERS fossy 0.5 us
Number of Partial Program Cycles Nop — — Cycle
Block Erase Time teERS — 4 ms

NOTE:

1. Typical value is measured at Vcc=3.3V, TA=25°C. Not 100% tested.

2. Typical program time is defined as the time within which more than 50% of the whole pages are programmed
at 3.3V Vcc and 25°C temperature.

AC timing Characteristics for

Command/Address/Data

Input
3.3V 1.8V )
Parameter Symbol - - Unit
Min Max Min Max
CLE Setup Time tors? 10 - 10 - ns
CLE Hold Time teL 5 - 5 - ns
CE# Setup Time tcs 15 - 25 - ns
CE# Hold Time ten 5 - 5 - ns
WE# Pulse Width twp 10 - 15 - ns
ALE Setup Time taLs 10 - 10 - ns
ALE Hold Time taLk 5 - 5 - ns
Data Setup Time tos 7 - 10 - ns
Data Hold Time ton 5 - 5 - ns
Write Cycle Time twe 20 - 30 - ns
WE# High Hold Time twh 7 - 10 - ns
Address to Data Loading tao,? 70 i 100 i ns
Timing

NOTE:

1. The transition of the corresponding control pins must occur only once while WE# is held low

2. tapL is the time from the WE# rising edge of final address cycle to the WE# rising edge of first data cycle
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AC Characteristics for Operation

3.3V 1.8v Unit
Parameter Symbol - -
Min Max Min Max

Data T_ransfer From Cell t i 30 ) 40 us
to Register

ALE to RE# Delay tar 10 - 10 - ns
CLE to RE# Delay telr 10 - 10 - ns
Ready to RE# Low trr 20 - 20 - ns
RE# Pulse Width trp 10 - 15 - ns
WE# High to Busy twe - 100 - 100 ns
Read Cycle Time tre 20 - 30 - ns
RE# Access Time trea - 20 - 30 ns
CE# Access Time tcea - 25 - 45 ns
RE# High to Output Hi-Z tRHz - 100 - 100 ns
CE# High to Output Hi-Z tchz - 30 - 30 ns
ggﬁtl-ggrheto ALE or CLE fesp 10 10 ns
RE# High to Output Hold tRHOH 15 - 15 - ns
RE# Low to Output Hold trLOH 5 - 5 - ns
CE# High to Output Hold tcon 15 - 15 - ns
RE# High time treH 7 - 10 - ns
Output Hi-Z to RE# Low tir 0 - 0 - ns
RE# High to WE# Low truw 100 - 100 - ns
WE# High to RE# Low tWHR 60 - 60 - ns
Device Reset Time trer® i 5/10/5 i 5/10/50 us
(Read/Program/Erase) 00 0

Write protection time tww 100 100 ns

NOTE:

1. Ifreset command (FFh) is written at Ready state, the device goes into Busy for maximum 7ys.
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5. Ordering Information

FM 29F 0413 -XXX -C -H M

Company Prefix

FM = Fudan Microelectronics Group Co.,ltd

Product Family

29F = 3.3V PPI NAND Flash

Product Density&Version

04 = 4G-hit (Page Size 2K+128 bytes)
I13= Operating Range -40°C ~+85C

Package Type

TP =TSOP48 (12x20mm)
BGA = BGA63 (9x11mm)

Product Carrier

A =Tray

HSF ID Code

G = RoHS Compliant, Halogen-free, Antimony-free

MSL Level

3= MSL3
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FM 29LF 0413 -XXX

Company Prefix

FM = Fudan Microelectronics Group Co.,ltd

Product Family

29LF = 1.8V PPI NAND Flash

Product Density&Version

04 = 4G-bit (Page Size 2K+128 bytes)
I13= Operating Range -40°C ~+85C

Package Type

TP =TSOP48 (12x20mm)
BGA = BGA63 (9x11mm)

Product Carrier

A =Tray

HSF ID Code

G = RoHS Compliant, Halogen-free, Antimony-free

MSL Level

3= MSL3
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6. Part Marking Scheme

TSOP48 12x20mm

N -
e
FM29F0413
YYWWALH M
1 i TTT --4--- Moisture Sensitivity Level
T Blank=MSL3
T T ~~~ HSFID Code
1 L1 G = RoHS Compliant, Halogen-free, Antimony-free
i i i fmmmmee e Lot Number (just with 0~9. A~Z)
T T Assembly’s Code
| T Work week during which the product was molded (eg..week 12)
|
****************** The last two digits of the year In which the product was sealed / molded.
N -
\SJre
FM29LF0413
YYWWALH M

Moisture Sensitivity Level

Blank=MSL3
HSF ID Code

G = RoHS Compliant, Halogen-free, Antimony-free
Lot Number (just with 0~9. A~Z)
Assembly’s Code

Work week during which the product was molded (eg..week 12)
The last two digits of the year In which the product was sealed / molded.
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BGAG63 9x11mm

& e

FM29F0413

YYWWALHM

~ 1 TTT T-—1--— Moisture Sensitivity Level
N Blank=MSL3
% % R HSF ID Code
L
L

G = RoHS Compliant, Halogen-free, Antimony-free
| e Lot Number (just with 0~9, A~Z)
e Assembly’s Code

b Work week during which the product was molded (eg..week 12)
****************** The last two digits of the year In which the product was sealed / molded.

G = RoHS Compliant, Halogen-free, Antimony-free
| = Lot Number (just with 0~9. A~Z)
B Assembly’s Code

e

FM29LF0413

YYWWALHM

~ 0 TTT T--J--- Moisture Sensitivity Level
— Blank=MSL3
i i ommmmee HSF ID Code
B
B

beom e Work week during which the product was molded (eg..week 12)
****************** The last two digits of the year In which the product was sealed / molded.
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1. Package Information
7.1. Pin configuration (TSOP48)

FM29F04I3/FM29LF0413 is offered in 48-pin TSOP package as shown in Figure 39. Package
diagram and dimension are illustrated in Figure 40.

NC — 1 48 =3 N.C
NC — 2 47 |5 NC
NC — 3 46 |43 NC
NC — 4 45 3 NG
N.C — 5 44 — /07
N.C - 6 43 =3 1/06
RB# — 7 42 — 1/05
RE# C— 8 41 = 1/04
CE# 9 40 4= Ng
NC — 10 ; 39 /3 N

NG = 11 48-pin TSOP1 38 &= NC
Vee [ 12 37 =3 Vcc
vss 4 13 — N.C
“fé =k Standard Type = N

.  — 34 3 .

CLE 4 16 12mm x 20mm 33 /= NC
ALE — 17 32 /= 103
WE# ] 18 31 |/ 102
wp# — 19 30 &= o1
N.C ] 20 29 = 1100
NC ] 21 28 & NC
NC — 22 27 &= NC
N.C — 23 26 | N.C
N.C [ 24 25 =3 N.C

Figure 39 FM29F0413/FM29LF04I3 pad assignments, TSOP48
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&

|
1
|
|
1
|
1
i
D

T 104000900060800000800400

TR

Fans
\441’
| 1 |
]
T Y
| ] \\
I — : —h. |
e e ‘1—_____“'(\_ //“_
Bl /A N\
. ; Base Metal ,.L_J
3 : Ao I
b / o A7
= 1 i X . GAGE PLANE 1
= 7L,7 41&{{:,7,81 \ L LL’J With Plating
_ FH\L4/LL——? o . R
= - ¥ g Section B—B
Detail C
Symbol MIN NOM MAX
A - - 1.200
Al 0.050 - -
A2 0.950 1.000 1.050
b 0.170 0.220 0.270
C 0.090 0.150 0.210
e 0.500(BSC)
D 19.800 20.000 20.200
D1 18.200 18.4000 18.600
E - - 12.400
L 0.450 0.600 0.750
9 Oo 40 80

NOTE: Dimensions are in Millimeters.
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7.3 Ball Assignment: 63-Ball FBGA(Balls Down, Top View)

WNCRO) ® 9
B | (9 CRO
c \CACH NCACA Ty
D CECATECRACRT
: ®) @ @9 @ & &
F ®) @ @9 @ & &
6 @) @ @9 @ @ &
H ® @ 6 & 0 @
¥ CRCAON NTNT)
K SCO®S
L | @9 @& ® 9
w | & @ ®9 (9

Figure 41 FM29F0413/FM29LF0413 ball assignments, FBGA63
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7.4 Package Dimensions: 63-Ball FBGA (Balls Down, Top View)
Al INDEX A1 INDEX
E; ™ ]0.10 (2X) 109 876,543 21
/ ® O 00 |a
00 o |s
— [ 000000 ¢
coolooo ¢
|
b i—-—r—-— B F3998%3 -
ocoolocoo  |H
ooolofoo
[¢] 00 0I®0O0 :—‘
® O I OO |L |
D T o® |Mm!
1 J
) E *-L b
A0.10 (2x)] E1) DETAL B
TOP_VIEW BOTTOM VIEW
DETAIL A
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Symbol MIN NOM MAX
A - - 1.000
b 0.350 0.400 0.450
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D1 8.800(BSC)
E 8.900 | 9.000 | 9.100
El 7.200(BSC)
e 0.800(BSC)
SE 0.400(BSC)
SD 0.400(BSC)
NOTE:
1. Dimensions are in Millimeters;
2. The Diameter of Pre-reflow solder ball is ®0.4mm.
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NAND Flash Technical Notes

Initial Invalid Block(s)

Initial invalid blocks are defined as blocks that contain one or more initial invalid bits whose
reliability is not guaranteed. The information regarding the initial invalid block(s) is called the
initial invalid block information. Devices with initial invalid block(s)have the same quality level as
devices with all valid blocks and have the same AC and DC characteristics. An initial invalid
block(s)does not affect the performance of valid block(s) because it is isolated from the bit line
and the common source line by a select transistor. The system design must be able to mask out
the initial invalid block(s) via address mapping. The 1st block, which is placed on 00h block
address, is guaranteed to be a valid block up to 1K program/erase cycles with 8it/512Byte ECC.

Identifying Initial Invalid Block(s)

All device locations are erased (FFh) except locations where the initial invalid block(s)
information is written prior to shipping. The initial invalid block(s) status is defined by the 1st byte
in the spare area. FM29F04I3/FM29LF0413 makes sure that either the 1st or 2nd page of every
initial invalid block has non-FFh data at the column address of 2048. Since the initial invalid
block information is also erasable in most cases, it is impossible to recover the information once
it has been erased. Therefore, the system must be able to recognize the initial invalid block(s)
based on the original initial invalid block information and create the initial invalid block table via
the following suggested flow chart. Any intentional erasure of the original initial invalid block
information is prohibited.

Start

|

Set Block Address =0 ‘

|
Increment Block Address|

(%) Check "FFh" at the column address 2048
o of the 1st and 2nd page in the block
Create (or update) No Check "FFh"
Initial — -
Invalid Block(s) Table
| Yes
k.,
NO | astBlock?

Yes
End |

Figure 43 Flow Chart to create initial invalid block table
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NAND Flash Technical Notes(Continued)

Error in write or read operation
Within its life time, additional invalid blocks may develop with NAND Flash memory. Refer to the
qualification report for the actual data. The following possible failure modes should be
considered to implement a highly reliable system. In the case of status read failure after erase or
program, block replacement should be done. Because program status fail during a page
program does not affect the data of the other pages in the same block, block replacement can
be executed with a page-sized buffer by finding an erased empty block and reprogramming the
current target data and copying the rest of the replaced block. In case of Read, ECC must be
employed. To improve the efficiency of memory space, it is recommended that the read or
verification failure due to single bit error be reclaimed by ECC without any block replacement.

The said additional block failure rate does not include those reclaimed blocks.

N semmF

NN

Failure Mode

Detection and Countermeasure sequence

Write

Erase Failure

Status Read after Erase-> Block Replacement

Program Failure

Status Read after Program-> Block Replacement

Read

Single Bit Failure

Verify ECC -> ECC Correction

Program Flow Chart

Start

}

Write 80h

!

Write Address

|

Write Data

l

Write 10h

l

Read Status Register

¥

“oe=17

- orRB=1?

l .Yes
@ No —

" Program Errof}— - 00=07?

lYes

No

. Program Completed
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Figure 44 Program Flow Chart

* |f program operation results in an error, map out the block including the page in error and copy
the target data to another block.
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Erase Flow Chart Read Flow Chart
Start ) start

: !
‘ Write 60h ‘ ‘ Write 00h ‘

v |
‘ Write Block Address ‘ ‘ Write Address ‘

l [
‘ Write DOh ‘ ‘ Write 30h ‘

i il
‘ Read Status Register ‘ ‘ Read Data ‘

— [
T T ‘ ECC Generation ‘

“1o6=1? —_ No
-~ OorRIB=17?
@ l\(es "Reclaim the Error=—___ Verify ECC
No v
Erase Error «— ioa=o07? - lYes
lYes .' Page Read Completed,
Erase Completed

* |f erase operation results in an error, map out the failing block and replace it with another block.
Figure 45 Erase and Read Flow Chart

Block Replacement

Block A
‘lst {
S
thJ//;/A/// // /j/ @
nth —»| an error occurs.
(page) Buffer memory of the controller.
Block B |
1st 1' L
1 ////// oo (2
i |8 @
nth —» o
(page)

Figure 46 Block Replacement
*Step 1
When an error happens in the nth page of Block A during erase or program operation.
*Step 2
Copy the data in the 1st~(n-1)th page to the same location of another free block (Block B)
*Step 3
Then, copy the nth page data of the Block A in the buffer memory to the nth page of the Block B
*Step 4
Do not erase or program to Block A by creating an invalid block table or other appropriate
scheme
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Sales and Service

Shanghai Fudan Microelectronics Group Co., Ltd.
Address: Bldg No. 4, 127 Guotai Rd, Shanghai City China.
Postcode: 200433

Tel: (86-021) 6565 5050 Fax: (86-021) 6565 9115

Shanghai Fudan Microelectronics (HK) Co., Ltd.
Address: Unit 506, 5/F., East Ocean Centre, 98 Granville
Road, Tsimshatsui East, Kowloon, Hong Kong

Tel: (852) 2116 3288 2116 3338

Fax: (852) 2116 0882

Beijing Office

Address: Room 423, Bldg B, Gehua Building, 1 QingLong
Hutong, Dongzhimen Alley north Street, Dongcheng District,
Beijing City, China.

Postcode: 100007

Tel: (86-010) 8418 6608

Fax: (86-010) 8418 6211

Shenzhen Office

Address: Room.2306-2308, Building A7, Chuangzhi Cloud
City, Liuxian Avenue, Xili Street, Nanshan District,
Shenzhen, China.

Postcode: 518000

Tel: (86-0755) 8335 0911 8335 1011 8335 2011 8335
0611

Fax: (86-0755) 8335 9011

Shanghai Fudan Microelectronics (HK) Ltd Taiwan
Representative Office

Address: Unit 1225, 12F., No 252, Sec.1 Neihu Rd., Neihu
Dist., Taipei City 114, Taiwan

Tel : (886-2) 7721 1889

Fax: (886-2) 7722 3888

Shanghai Fudan Microelectronics (HK) Ltd Singapore
Representative Office

Address : 47 Kallang Pudding Road, #08-06,The Crescent
@ Kallang ,Singapore 349318

Tel : (65) 6443 0860

Fax: (65) 6443 1215

Fudan Microelectronics (USA) Inc.

Address : 97 E Brokaw Road, Suite 320,San Jose,CA
95112

Tel : (+1)408-335-6936

Web Site: http://www.fmsh.com/
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