NM29N16

General Description

The NM29N16 is a 16 Mbit (2 Mbyte) NAND FLASH. The
device is organized as an array of 512 blocks, each consist-
ing of 16 pages. Each page contains 264 bytes. All com-
mands and data are sent through eight 1/0 pins. To read
data, a page is first transferred out of the array to an on-chip
buffer. Sending successive read pulses (RE low) reads out
successive bytes of data. The erase operation is implement-
ed in either a single block (4 kbytes) or on multiple blocks at
the same time. Programming the device requires sending
address and data information to the on-board buffer and
then issuing the program command. Typical program time
for 264 bytes is 400 us. All erase and program operations
are internally timed.

The NM29N16 incorporates a number of features that make
it ideal for portable applications requiring high density stor-
age. These features include single 5V operation, high read/
write endurance (250k cycle), and low current operation
(15 mA during reads). The device comes in a TSOP Type I
package which meets the requirements of PCMCIA cards.
The NM29N16 is suited for numerous applications such as
Solid State Drives (SSD), Audio Recording, and Image Stor-
age for digital cameras.

&National Semiconductor

February 1996

16 MBit (2M x 8 Bit) CMOS NAND FLASH E2PROM

Features

Single 5V £10% power supply

Write/Erase endurance of 250,000 cycles, target of
1,000,000 cycles

Fast Erase/Program Times

— Average Program Time of 400 us/264 bytes

— Typical Block Erase Time of 6 ms

Organized as 512 blocks, each consisting of 16 pages
of 264 bytes

— Read/Program in pages of 264 bytes

— Erase in Blocks of 4 kbytes

High Performance Read Access times

— Initial 25 us page transfer

— Sequential 80 ns access

Low Operating Current (typical)

— Typical Read current of 15 mA

— Typical Program current of 40 mA

— Typical Erase current of 20 mA

— Standby current less than 100 pA (CMOS)
Command Register for Mode Control:

— Read —Reset

— Auto Page Program —Suspend/Resume
— Auto Block Erase —Status Read

400 mil TSOP Type Il Package

JEDEC standard pinout

Block Diagram
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Pin Connection (top view)
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Pin Assignment

1/0)_g 170 Port

CE Chip Enable

WE Write Enable

RE Read Enable

CLE Command Latch Enable
ALE Address Latch Enable
WP Write Protect

R/B Ready/Busy

Vcc/Vss | Power Supply/Ground

Package Type
S = Standard Pinout, TSOP Type II

TL/D/11915-85

Single Reverse Pinout, TSOP Type Il
Power Supply
= Commercial Temperature
NAND (0°C to +70°C)
Flash E = Extended Temperature
(-25°C to +85°C)
Density
16 = 16 Mbit
32 = 32 Mbit
Number of Valid Blocks
NM29N16
Symbol Parameter Units
Min Typ Max
Ny Valid Block Number 502 508 512 Blocks
Note 1: The NM29N16S/R may include unusable blocks. Refer to notification (17) toward the end of this document.
Capacitance™ (t, = +25°C,f = 1 MHz)
Symbol Parameter Condition Min Type Max Units
CiN Input VN = OV 5 10 pF
Cout Output Vout = 0V 5 10 pF

*This parameter is periodically sampled and is not 100% tested
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Absolute Maximum Ratings

Recommended Operating

If Military/Aerospace specified devices are required, Conditions

please contact the National Semiconductor Sales i .
Office/Distributors for availability and specifications. Min Typ Max  Units
Power Supply (Vo) —0.6Vi07.0V Power Supply (Vcc) 45 50 55 v
Input Voltage (V|n) —06Vto7.0V High Level Input Voltage (VIH) 2.4 Vcc+ 05 V
Input/Output Voltage (Vj;0) ~ —0.6V to Veg £0.5V (<7V) Low Level Input Voltage (Vi) —0.8* 0.8 v
Power Dissipation (Pp) 0.5W ~2V (Pulse Width < 20 ns)

Soldering Temperature (Tgoiger) (10 seconds) 260°C

Storage Temperature (Tstg) —55°Cto 150°C

Operating Temperature (Topr) 0°Cto 70°C

DC Operating Characteristics (15 = 0°Cto 70°C, v = 5v +10%)

Symbol Parameter Conditions Min Typ Max Units
I Input Leakage Current VIN = 0Vto Vee +10 HA
ILo Output Leakage Current VouTt = 0.4Vto Ve +10 RA
lccot Operating Current (Serial Read) CE =V tcycLe = 80 ns 15 30 mA
lcco2 Operating Current (Serial Read) lour =0mA | 4 clg=1ps 5 mA
lccos Operating Current (Command Input) tcycLe = 80 ns 15 30 mA
lccos Operating Current (Data Input) tcycLe = 80 ns 50 70 mA
lccos Operating Current (Address Input) tcycLe = 80 ns 15 30 mA
lccos Operating Current (Register Read) tcycLe = 80 ns 15 30 mA
lcco7 Programming Current 40 60 mA
Iccos Erasing Current 20 40 mA
lccs1 Standby Current CE = V4 1 mA
lccs2 Standby Current CE = Voo — 0.2V 100 A
VoH High Level Output Voltage loy = —400 pA 2.4 \"
VoL Low Level Output Voltage loL =21mA 0.4 \Y
loLR/B) Output Current of (R/B) Pin VoL = 0.4V 10 mA

Pin Functions

The NM29N16 is a sequential access memory which utilizes
time sharing input of address and data information.

Command Latch Enable: CLE The CLE input signal is
used to control the input of commands into the internal
command register. The command is latched into the com-
mand register from the 1/0 port at the rising edge of the WE
signal while CLE is high.

Address Latch Enable: ALE The ALE signal is used to
control the input of either address information or input data
into the internal address/data register. Address information
is latched at the rising edge of WE if ALE is high. Input data
is latched if ALE is low.

Chip Enable : CE The device goes into a low power stand-
by mode during a read operation when CE goes high. The
CE signal is ignored when the device is in a busy state (R/B
= L) such as during a program or erase operation and will
not go into standby mode if a CE high signal is input.

Write Enable : WE The WE signal is used to strobe data
into the 170 port.

Read Enable: RE The RE signal strobes data output. Data
is available trea after the falling edge of RE. The internal
column address counter is also incremented (Address + 1)
with this falling edge.

1/0 Port: 1/0 1-8 The 1/0 1-8 pins are used as the port for
transferring address, command and input/output data infor-
mation to or from the device.

Write Protect : WP The WP signal is used to protect the
device from inadvertent programming or erasing. The inter-
nal voltage regulator is reset when WP is low. This signal is
usually used for protecting the data during the power on/off
sequence when the input signals are invalid.

Ready/Busy: R/B The R/B output signal is used to indi-
cate the operating condition of the device. The R/B signal is
in a busy state (R/B = L) during the program, erase or read
operations and will return to a ready state (R/B = H) after
completion. The output buffer of this signal is an open drain.
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AC Test Conditions

Input Level 2.4V/0.4V
Input Comparison Level 2.2V/0.8V
Output Data Comparison Level 2.0V/0.8V
Output Load 1TTL & Cp_ (100 pF)

AC Electrical Characteristics (15 = 0°cto 70°C, Vcg = 5V +10%)

Symbol Parameter Min Max Unit Notes
toLs CLE Setup Time 20 ns

toLH CLE Hold Time 40 ns

tcs CE Setup Time 20 ns

toH CE Hold Time 40 ns

twp Write Pulse Width 40 ns

taLs ALE Setup Time 20 ns

tALH ALE Hold Time 40 ns

tps Data Setup Time 30 ns

toH Data Hold Time 20 ns

twe Write Cycle Time 80 ns (1)
twH WE High Hold Time 20 ns

tww WP High to WE Falling Edge 100 ns

tRR Ready to RE Falling Edge 20 ns

trc Read Cycle Time 80 ns

tREA RE Access Time (Serial Data Access) 45 ns

tcEH CE High Time at the Last Address in Serial Read Cycle 250 ns 3)
tREAID RE Access Time (ID Read) 90 ns

tRHZ RE High to Output High Impedance 5 20 ns

tcHz CE High to Output High Impedance 30 ns

tREH RE High Hold Time 20 ns

tir Output High Impedance to RE Rising Edge 0 ns

tRsTO RE Access Time (Status Read) 45 ns

tcsTO CE Access Time (Status Read) 55 ns

tRHW RE High to WE Low 0 ns

twHC WE High to CE Low 50 ns

twHR WE High to RE Low 50 ns

tAR1 ALE Low to RE Low (Address Register Read, ID Read) 200 ns

tcR CE Low to RE Low (Address Register Read, ID Read) 200 ns

tR Memory Cell Array to Starting Address 25 us

tws WE High to Busy 200 ns

tAR2 ALE Low to RE low (Read Cycle) 150 ns

tRB RE Last Clock Rising Edge to Busy (At Sequential Read) 200 ns

tcRy CE High to Ready (in case of interception by CE at Read Mode) 100+ tr(R/B) ns 2
tRsT Device Reset Time (Read/Program/Erase/Suspend) 10/20/1500/10 us
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AC Electrical Characteristics (15 = 0°Cto +70°C, voc = 5V £10%) (Continued)
Note 1: In case that CLE, ALE, CE are input with clock, twc exceeds 80 ns. Transition time tt < 5 ns
set-up time  hold time twp n xx N ﬂ

20 ns 40 ns 40 ns 20 ns

CLE X
ALE

tx
[ \ / N /
4 4
: X/
/ HOLD
SETUP typ | TIME SETUP | TIME

twe
TL/D/11915-5

Note 2: CE high to Ready time depends on Pull up resister tied to R/B pin. (Refer to notification (10) toward the end of this document.)
Note 3: In the case that CE turns to a high level after accessing the last address (263) in read mode (1) or (2), CE high time must keep equal to or greater than

300 ns when the delay time of CE against RE is 0 to 200 ns as shown below.
In the second case, the device will not turn to a “Busy” state when the CE delay time is less than 30 ns.

topy = 250ns

® : 0-200ns -~ tpy = 250ns

= N
RE —59—\ I\ ]

3 ®

R/B

\ / @ : 0-30 ns — BUSY SIGNAL

BUSY IS NOT OUTPUT
TL/D/11915-6

Programming and Erasing Characteristic (r = o:cto + 70°C, vee = 5v +10%)

Symbol Parameter Min Typ Max Unit Notes
tPROG Average Programming Time 300-1000 5000 us
N Divided Number on Same Page 10 Cycles 1)
tBERASE Block Erasing Time 6 6 100 ms
tMBERASE | Multi-Block Erasing Time 6-12 6-12 130 ms 2)
tsr Suspend Input to Ready 1.5 ms
Nw/E Number Write/Erase Cycles 25x105 | Cycles

Note 1: Refer to the notification (16) toward the end of this document
Note 2: tygerase depends on the number of blocks to be erased (min 6 ms + 15 us x Erase block number)
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Schematic Cell Layout and Address Assignment
Programming is done in page units of 264 Bytes while the erase operation is carried out in blocks of 4 kBytes.

~

7 . 4

A
rlll_lii

~ l ’A E 1 page = 264 bytes

1 Block = 264 bytes x 16 pages = (4k + 128) bytes

s ! B Total device density = (264 bytes) x (16 pages) x (512 block)
o ' g }'6 PAGES — 1 BLOCK = 17.3 MBits (2.162 MBits)

The address is acquired through the 1/0 port using three con-
secutive clock cycles as shown in Table I.

A page consists of 264 bytes in which 256 bytes are for main
memory and 8 bytes are for redundancy or other uses.

8192 ; : 5
PAGES g ; :
512 BLOCKS : : '
TL/D/11915-28
FIGURE 1. NM29N 16 Schematic Cell Layout
TABLE I. Addressing
1/01|1/02|1/03|1/04|1/05|1/0¢ | 1/07| 1/0g Ao-A; :Byte (Column) Address
First Cycle Ao | A1 | Ao | A3 | A | As | As | A7 Ag-Aq1 :Page Address in Block
Second Cycle| Ag | Ag | Ao | A11 | A2 | A13 | A1 | As Aq2-Apo :Block Address
ThirdCycle | A1g | A17 | A1g | Atg | Ao | *L | *L | *L

*1/0 6-8 at the third cycle must be set low

Operation Mode: Logic and Command Tables

The operation modes such as Program, Erase, Read, Erase Suspend, and Reset are controlled by the twelve different_coman_d
operﬂ)ns shown in Table Ill. The Address, Command Input and Data Input/Output are controlled by the CLE, ALE, CE, WE, RE
and WP signals as shown in Table II.

TABLE Il. Logic Table

CLE | ALE | CE | WE | RE | WP
Command Input H L L T H *
Data Input L L L 1 H *
Address Input L H L 1 H N
Address Output L H L H l *
Serial Data Output L L L H 1 *
During Programming (Busy) * * * * * H
During Erasing (Busy) * * * * * H
Program, Erase Inhibit * * * % N L
H: Vi, L Vi *: Vi or Vi

http://www.national.com 6



Operation Mode: Logic and Command Tables (Continued)

TABLE Ill. Command Table (HEX Data)

Once the device is set into Read mode by “00H” or “50H” command, additional Read commands are not needed for sequential

page read operations. Table Ill shows the operation mode for Reads.

TABLE IV. Operation Mode for Reads

CLE|ALE|CE|WE|RE| 1/04-1/0g | Power
Read Mode L L|JL|IH]|L Data Output Active
Output Deselect| L L|L H [High Impedance| Active
Standby L L |H * |High Impedance | Standby

Device Operation
READ MODE (1)

The Read mode (1) is set by issuing a “00H” command to the command register. Refer to Figure 2 below for timing details and

block diagram.

CLE—/_\
“\ DA

NN
N e W

R/ \ * BUSY / “ \
M
1/0 —ooC HC XK oA
[
START ADDRESS INPUT
TL/D/11915-29
M| 263
L& ‘< 1 > A data transfer operation from the cell array to the register starts at the rising
SELECTED [ edge of WE in the third cycle (after latching the address information). The
PAGE 1 \ ! CELL device will be in a busy state during this transfer period.
N 1 J1 ARRA‘Y After the transfer period the device returns to a ready state. Serial data can
e output synchronously wi e RE clock from the designated starting
b tput h | ith the RE clock fi the d ted starti

pointer indicated during the address input cycle.
TL/D/11915-30

FIGURE 2. Read Mode (1) Operation

First Cycle | Second Cycle Accegte:ti)rl‘: (;zr;rand . )

Bit Assignment of HEX Data
Sequential Data Input 80 (Example)
Read Mode (1) 00 DATA INPUT : 80H
Read Mode (2) 50 ﬁe‘
Reset FF Yes - N A
Auto Program 10 |1|°|°|°|°|°|°|°|
Auto Block Erase 60 DO V08 ;6 s 4 5 g VO
Suspend in Erasing BO Yes TL/D11915-84
Resume DO
Status Read 70 Yes
ID Read 90

http://www.national.com
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Device Operation (continued)

READ MODE (2)

The Read mode (2) is the same timing as Read mode (1) but it is used to access information in the extra 8 byte redundancy area
of the page. The starting pointer is therefore assigned between byte 256 and 263.

ac [\
e \_LA A D
RV
we [\
® \VAVAVAVAE.
R/ * BUSY ’

Address Ag—Ap are used to set the starting pointer for the redundant memo-
ry cell while Ag—A7 are ignored.

Once the “50H” command is set, the pointer moves to the redundant cell
f locations and only those 8 cells can be addressed regardless of the Az-A7
address.

(The “00H” command is necessary to move the pointer back to the
T T 0-255, main memory cell locations.)

TL/D/11915-31

FIGURE 3. Read Mode (2) Operation

SEQUENTIAL READ (1) (2)
This mode allows sequential read without the additional address input

@ — DATA OUTPUT DATA QUTPUT
ADDRESS INPUT —_— —_—

R/B
BUSY BUSY BUSY

— ————3—
0 G 263 ﬁ

® @%

SEQUENTIAL READ (1) SEQUENTIAL READ (2)

TL/D/11915-32
FIGURE 4. Sequential Read

Sequential Read mode (1) outputs the address 0 to 263 while Sequential Read mode (2) outputs the reﬁndant address location

only. When the pointer reaches the last address, the device continues to output last data with each RE clcck signal.
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Device Operation (continued)
STATUS READ

The NM29N16S/R automatically implements the execution and verification of the program and erase operations. The status
read function is used to monitor the Ready/Busy status of the device, determines the pass/fail result of a program or erase
operation, and determines if the device is in a suspend or protect mode. The device status is output through the I/0 port using
the RE clock after a “70H” command input. The resulting information is outlined in Table V.

TABLE V. Status Output Table

Status Output
1701 Pass/Fail Pass: “0” Fail : “1”
1/02 Not Used “0”
1/03 Not Used “0”
1/0 4 Not Used “0”
1/05 Not Used “0”
1/06 Suspend Suspended: “1” Not suspended: “0”
1107 Ready/Busy Ready: “1” Busy: “0”
1/08 Write Protect Protect: “0” Not Protect: “1”

Application example with multiple devices is shown in Figure 5 below.

The Pass/Fail status in 1/0 1 is only valid
when the device is in the Ready state.
The device will always indicate a Pass
status while in the Busy state at Read
mode.

CE4 CE, CEy CEy CEns 1
CLE =—
ALE DEVICE DEVICE DEVICE DEVICE DEVICE
WE —0 1 —o 2 b—0 35 b—— N |}—g
RE —0 —o —o ———————9 —0
F Y F N F N - -
A 4 A4 A4 A4 A4
1/01-8 |7 ]
_ l—Mm—VCC
R/B g
R/B \
CLE / \ / \
ALE
WE \__/ _/
& /" /
Ty /\ /
RE \ / \ /
1/0 {7or) { ) {7or ) { )
: STATUS ON : STATUS ON

DEVICE 1

DEVICE N
TL/D/11915-33

FIGURE 5. Status Read Timing Application Example
Note: If the R/B pin signals of multiple devices are common-wired as shown in the diagram, the status Read function can be used to determine the status of each

individually selected device.
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Device Operation (continued)

AUTO PAGE PROGRAM

The NM29N16S/R implements the automatic page program operation by receiving a “10H” program command after the
address and data have been input. The sequence of command, address and data input is shown below. (Refer to the detail
timing chart).

( 80 > “ 10 ,‘
| S ) U —
DATA INPUT  ADDRESS DATA INPUT  PROGRAM STATUS READ
COMMAND INPUT 0-283 COMMAND COMMAND

R/B \ / R/B AUTOMATICALLY TURNS TO READY
AFTER COMPLETION.

The data is transferred (programmed) from the register to the selected page at the rising edge of WE

TL/D/11915-34

DATA
INPUT following the “10H” command input. The programmed data is transferred back to the register after pro-
PROGRAM READ & VERIFICATION gramming to be automatically verified by the device. If the program does not succeed, the above program/
verify operation is repeated by the device until success or the maximum loop number set in the device.
/
SELECTED
PAGE
TL/D/11915-35
FIGURE 6. Auto Page Program
AUTO BLOCK ERASE

The block erase operation starts with the rising edge of WE after the erase execution command “DOH” which follows the erase
setup command “60H”. This two cycle process for erase operations acts as an extra layer protection from accidental erasure of
data due to possible external noise issues. The device automatically executes the erase and verify operations.

AUTO BLOCK ERASE

@ @ -~ 0 PASS

—_—
BLOCK ADDRESS FAIL
INPUT : 2 CYCLE

R/B : \
/ BUSY STATUS READ

ERASE EXECUTION
COMMAND COMMAND

FIGURE 7. Auto Block Erase Operation

TL/D/11915-37
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Device Operation (continued)

SUSPEND/RESUME

Because an erase operation can keep the device in a busy state for an extended period of time, the NM29N 16 has the ability to
suspend the erase operation to allow program or read operations to be performed on the device. The block diagram and
command sequence on this operation are shown as below. (Refer to the detail timing chart).

RESUME COMMAND

SELECTED AR
BLOCK SUSPEND COMMAND INPUT [ NPT Ei’fsih?EPERAT‘ON
TO ERASE o N
ESUSPEND THE ERASE OPERAHONE E

TL/D/11915-40

INPUT

—
BLOCK ADDRESS C SUSPEND OPERATION

FIGURE 8. Suspend/Resume Erase Operation

The BO...DO suspend/resume cycle can be repeated up to 20 times during an erase operation. After the resume command input,
the erase operation continues from the point at which it left off and does not have to restart.

11 http://www.national.com
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Device Operation (continued)

RESET
The reset mode compulsorily stops all operations. For example, in the case of a program or erase operation, the regulated
voltage is discharged to OV and the device will go to a wait state. The address and data register are set as follows after a reset:

® Address Register: All “0”
® Data Register: All “1”
® Operation Mode: Wait State

The response after “FFH” reset command input during each operation is as follows:

® |n the case that reset (FFH) command is input during programming:

(80) (10) (Fr) (00 )

INTERNAL Vpp '\
R/B \ : /

' ' "
!

! REGISTER SET

—
“tgsr (~ 1045)
TL/D/11915-41

FIGURE 9. Reset During Programming

® In the case that reset (FFH) command is input during erasing:

T ) ®_
X N
INTERNAL ERASE —/—‘\
VOLTAGE :
R/B \ 5

i REGISTER SET
-

tgs7 (% 1mS)
TL/D/11915-42

FIGURE 10. Reset During Erasing

® |n the case that reset (FFH) command is input during read operation:
@ -
00 FF 00
2, (D
R/8 \ ./

test (= 5 uS)

TL/D/11915-43
FIGURE 11. Reset During Read

® |n the case that reset (FFH) command is input during suspend:

_® (50) )
. THIS RESET CANCELS SUSPEND STATUS.
INTERNAL ERASE 4/_\ .
VOLTAGE .
R/B \ / \! !/
. !

tesy (= 5 uS)

TL/D/11915-44
FIGURE 12. Reset During Suspend
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Device Operation (continued)
® |n the case that the status read command (70H) is input after reset:

)

70
\;—/‘\ 1/0 STATUS : PASS/FAIL — PASS

R/B \ / —
: READY/BUSY -~ READY

FIGURE 13. Read After Reset

@

TL/D/11915-45

* However the following operation is prohibited. If the following operation is executed, set up for address and data register can
not be guaranteed.

70
— T |/0 STATUS : PASS/FAIL -~ PASS

R/B \ : Z R READY/BUSY—~BUSY
TL/D/11915-46
FIGURE 14. Prohibited Reset

* In the case that the reset command is input in succession:
(n (2)
{ FF )}

{ 10 )

hN

THE SECOND "FFH" COMMAND
IS INVALID IF ANY OTHER
COMMAND BESIDES "FFH" IS
INPUT DURING THIS PERIOD.

R/B

TL/D/11915-47
FIGURE 15. Consecutive Resets

ID READ

The NM29N16S/R contains an ID code to identify the device type and the manufacturer. The ID codes are read out using the
following timing conditions:

CLE _/_\
=\ A"
T\

RE /
Reap 1 [+
4 \ 4 \ a \
1/0 \ 90H ) \ 00H ) 8FH ) 64H
ID READ COMMAND ADDRESS 00H MANUFACTURER CODE DEVICE CODE
TL/D/11915-48
TABLE VI. Code Table
1/08 1707 1/06 1/05 1/04 1703 1/02 1701 Hex Data
Maker Code 1 0 0 0 1 1 1 1 8FH
Device Code 0 1 1 0 0 1 0 0 64H

Refer to the timing specifications for the access time of tgeap, tcr, tAR2-

13 http://www.national.com
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Timing Diagrams

Latch Timing Chart for Command/Address/Data

CLE
S 2,
CE
RE
SETUP HOLD
TIME TIME
" \ /£
tos ton
1/01-8
TL/D/11915-7
Command Input Cycle
CLE _7 teLs teLu \
T _X tes ten [
_ twp
" J /
taLs taLn
« 7 %
tos L
|

1/01-8 ﬁ :W

1
TL/D/11915-8

Serial Read Cycle

te
- /
tRen
RE  se— H
" fouz
R D
teea Rz | teea tRuz tRea tauz
[ [—-— —

1/01-8

NS
T
NS
T ?
TS

'Erl

R/B J
TL/D/11915-26
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Timing Diagrams (Continued)

Address Input Cycle

tels
tes twe twe
tyn tyn
E L e twp twp
r ~
tars tark
ALE / \
tos || ton tos || ton fos || fon
[

1/01-8 ﬂ A0-7 Fyﬂ: A8-15 W A16-20 W

TL/D/11915-9

Data Input Cycle
teLn [
CLE
ten /
CE
taLs tye
ALE %
by
WE L e twe L_;;_J typ
t t t P tos | | to
os | | tou os | | fon s H
[

1/01-8 ﬂ DINO Wﬂ: DIN 1 %szes W
|

TL/D/119156-10
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Timing Diagrams (Continued)

Status Read Cycle
tos
CLE tCLS
- —> |=— teun
“——y- £
\ o
WE t
wp
N-—]_  ‘twic testo tonz
[—
byng
’ _71:
1,
tos | | ton tR RHZ
tsto
v % STATUS
&
/ A [ oUTPUT
R/B /
TL/D/11915-11
Read Cycle (1)
CLE I‘ias tCLHF
toen
tes tn s
YT A /
tye
o ON\_J N_/ 7 \ /= o
s tan
Yk tery
ALE i
I twe
RE
‘os || ton Ys||ow  fos||ow  tos||'ow
] s (ad ]l el pupnd | Bhel e | o
1/01-8 ﬁ ooH I X _A0-A7 @Aa-ms@m-m
COLUMN ADDRESS
N
—
R/e X/ J

TL/D/11915-12
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Timing Diagrams (Continued)

Read Cycle (1): Terminated by CE

TL/D/11915-13

CLE ﬂ toLs tCLHr
tes th s
@ 12N, Z
I 1 1
tyc
WE \_7 N N\ JZL_\_7Z t o etz
faLs taLH
t
‘ ] . AR2
ALH L
4 i)
twg tap tae
> P I
RE
tos || tou Ys||tn  tos||tn  fos||ton
| || | | | |- | |
1/01-8 00H AQ-A7 A8-A15 @ A16-420
COLUMN ADDRESS
N
_ r
R/B \ 7
% tVigoor Vi
Read Cycle (2)
CLE teLn
teLs
|y
tes cH
N7 N . W /.
| T

Ve \_72 t 2L_\_/—\_7z ®
ALS
twe ¢
taln . AR2
ALE
taLH
I tee
[PERLE
RE \ /
s || ton Yos| | ton Ny [
] <->| [l ] tr
1/01-8 d 50H W ﬂ AD-A7 KAE—MS A16—AZO) DouT @ @
COLUMN ADDRESS 255+M  255+M+1 263
M
R/B \ /

TL/D/119156-14
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Timing Diagrams (Continued)

Sequential Read Timing

TL/D/11915-15

COLUMN PAGE
ADDRESS ~ ADDRESS
_ N M
PAGE M PAGE M+ 1
ACCESS ACCESS
Auto Program Timing Chart
l— teis
CLE ters / W / \
— tes
CLH — | —
@\ J&L 7720 /\__
[ |
tes oy
_ —
i /LN AVAAVANY 777 AW
t 4
ALS tih I" PROG
t
‘ALH
ALE h‘ taLs by ] 6222)
1 I
RE
tos s \_/_
tos| | ton tos| | ton ton -f| ton
L7 S8 % (R COX X!

TL/D/11915-16
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Timing Diagrams (Continued)

Auto Program

—| J—tes

[/ &

é
:
”1

»| trrog

N s 13. m

RE
tos || ton fos || ton tos Yon
e Jem| ] ]
et
1/01-8 X 8o @ r0-a7 X a8-415 X a16-A20 100 70H
]

STATUS
OUTPUT

R/B \_S 5_7

TL/D/11916-17

Auto Block Erase Timing

, / & 78/
—_— [777777M N I

tBERASE

ALE

L
* tos | | tou W

\/
VA
_/
IR, R D (D

ZA
7

R/B _/ \ BUSY /

AUTO BLOCK ERASE ERASE EXECUTION STATUS READ

SETUP COMMAND COMMAND
COMMAND
TL/D/11915-19
19 http://www.national.com

wwwy.DataSheetdU.com



Timing Diagrams (Continued)

ID Read Operation
CLE
tos \
t
- cLs
tes — —] —tes
1 T T
taLH
s
)
WE
\_72 taLs \J ter
l
taLH tes taR+
ALE 7 \
RE
o |l "/ _/
_ / \ \ \
1/01-8 90H 00 P [ 641 )
— - -
treaiD tReain
ADDRESS MAKER DEVICE CODE
INPUT CODE

Supplementary Device Operation
(1) PROHIBITION OF UNSPECIFIED COMMANDS

The operation commands are listed in Table Ill. Data input as a command other than the specified commands in Table Il is
prohibited. Stored data may be corrupted if an unspeclfied command is entered during the command cycle.

(2) POINTER CONTROL FOR “00H”, “50H”

The NM29N16S/R has two read modes to set the destination of the pointer in either the maln memory area of a page or the
redundancy area. The pointer can be designated at any location between 0 and 255 in read mode (1) and between 256 and 263

in read mode (2). Figure 16 shows the block diagram of their operations.

0

255 256

263

664

6 &4

00H % 50H

00H —
50H —

POINT

ER CONTROL

FIGURE 16. Pointer Control

)

TL/D/11915-49

TL/D/11915-24

http://www.national.com
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Supplementary Device Operation (continued)
The pointer is set to region “A” by the “00H” command and to region “B” by the “50H” command.

(Example)
The “00H” command needs to be input to set the pointer back to region “A” when the pointer exists in region “B”.

ADD START POINT ADD START POINT ADD DIN

A AREA B AREA #
START POINT
TN TN N B AREA
@W—J 50H 00H 80H
ADD ADD ADD ADD DIN
START POINT START POINT START POINT START POINT
A AREA B AREA A AREA A AREA

TL/D/11915-50
FIGURE 17. Example for Pointer Set

In case of programming into region “B” only by setting the start point in region “B” with “50H” command, it is necessary to reset
the content of data register to ““1”” by “FFH” command.

G D D
FFH 50H 80H 10H
\__/ N
ADDRESS DIN
START POINT
B AREA

TL/D/11915-25

(3) ACCEPTABLE COMMANDS AFTER SERIAL INPUT COMMAND OF “80H”
Once the serial input command (“80H”) is input, do not input any command other than the program execution command

(“10H”) or the reset command (“FFH’) during programming.

)
D, N
W LML :
—

ADDRESS :
INTERNAL Vpp INPUT m
R/B \ /
TL/D/11915-51

FIGURE 18. Reset After Serial Input

If a command other than “10H” or “FFH” is input, the program operation is not performed.

@ o0 )
N N IN CASE OF THIS OPERATION, AN 'FFH’

OTHER COMMAND PROGRAMMING CAN NOT BE EXECUTED COMMAND IS NEEDED.

TL/D/11915-52
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Supplementary Device Operation (continued)
(4) STATUS READ DURING READ OPERATION

COMMAND ( 00 ) @ ' (4]
=T\_A ' |

N ADDRESS \_/ ! !

STATUS L— |
READ COMMAND STATUS STATUS OUTPUT
INPUT READ

TL/D/11915-53
The device status can be read out by inputting the status read command “70H” during the read mode. Once the device is set to
the status read mode after the “70H”” command input, the device does not return to the read mode. Therefore, the status read
during the read operation is prohibited. However, when the read command “00H” is input during [Al, the status mode is reset,
then the device returns to the read mode. In this case, the data output starts from N address without address input.

(5) SUSPEND COMMAND “BOH”

The following issues need to be observed when the device is interrupted by a “BOH” command during block erasing.

@D, - N (L
'RECOVERY‘
TIME (1 ms)

TL/D/11915-54
Although the device status changes from busy to ready after “BOH” is input, the following two cases cannot be recognized.
— After a “BOH” command input, Busy — Ready
— After an erase operation is finished with “DOH”, Busy —> Ready

Therefore, the device status needs to be checked to see whether or not the “BOH” command has been accepted by issuing a
“70H” command after the device goes to ready.

The device responds as follows when a “DOH” command (Resume) is input instead of “70H”.
— “BOH” has been accepted : Erase operation is executed. (The device is busy.)

— “BOH” has not been accepted. (Erase operation has been completed) : “DOH” command cannot be accepted. (The device
is in ready.)
Each case above is confirmed by monitoring the R/B signal.

(6) PROGRAM FAIL

) FALL (o) O_
80 10 70 1/0 80 10
O =\ / ===
ADDRESS DATA ADDRESS DATA
M INPUT N INPUT

TL/D/11915-55
FIGURE 19. Program Fail

When the programming result for the page address M is “Fail”, do not try to program the page to address N in another block.

Because the previous input data is lost, the same sequence of “80H” command, address and data input is necessary.

http://www.national.com 22
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Supplementary Device Operation (continued)

(7) DATA TRANSFER

The data in page Address M cannot be automatically transferred to page address N. If the following sequence is executed, the
data will be inverted (i.e., “1” data will become “0”” and “0” will become “1”).

[—— N —— N N
ADDRESS ADDRESS l
M N
PROGRAM
M 777, DATA
/ INVERTED DATA WILL BE TRANSFERRED.

N DATA

TL/D/11915-56
FIGURE 20. Page to Page Transfer
(8) BLOCK ERASE AFTER SUSPEND COMMAND “BOH”

50 (o0 (o) Co0))
. — —/
oo | T

ERASE EXECUTION SUSPEND
TL/D/11915-57

A block erase command is prohibited when the device has been suspended by inputting “BOH” during a block erase or multi-
block erase operation. Only a program or read operation is allowed during this erase suspend interruption.

(9) INTERRUPTION OF AN ERASING BLOCK

After a “BOH” command input, neither a program nor a read operation is allowed for the accessed block which is currently in an

erase operation.
© )
Do BO DO
) &)

—— L —
BLOCK
ADDRESS
A

TL/D/11915-58

(10) R/B: TERMINATION FOR THE READY/BUSY PIN (R/B)
A pull-up resistor needs to be used for termination because the R/B buffer consists of an open drain circuit.

Vee READY

Vee YA

R BUSY 1.0v :

J) N N

DEVICE — -

R/B Tt
_I G TL/D/11915-62

/;; Vee = 0
VSE 1.5 us Ta = 25°C {5y

i C_ = 100pF
t 1 10ns

TL/D/11915-61

This data may vary by device. We recommend that you use this data as a
reference when selecting a resistor value.

0 1k 2k 3kO 4kQ

TL/D/11915-63
FIGURE 21. Ready/Busy Pin Termination
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(11) STATUS AFTER POWER ON

not be stable at power on.
® Operation mode

Supplementary Device Operation (continued)

Although the device is set to read mode after power-up, the following sequence is recommended because each input signal may

: Read mode (1)

® Address register L All “0”
® Data'register : Indeterminacy
® High voltage generation circuit : Off state

Recommended sequence

POWER ON °

RESET

READ MODE (1)
TL/D/11915-64

(12) POWER ON/OFF SEQUENCE
The WP signal is useful for protecting against data corruption at power on/off. The following timing is recommended:

4.75V .
4.5V _,

v

CE, WE, RE
CLE, ALE
Vi
_ A iL
we OPERATION

TL/D/11915-65
FIGURE 22. NM29N 16 Power On/Off Sequence

(13) NOTIFICATION FOR WP SIGNAL

The erase and program operations are reset when WP goes low. The WP signal must be kept at a high level before 80H/60H
commands may be input. If WP goes high after the 80H/60H commands are input, the program and erase operation cannot be
guaranteed.

Program
W _7%7 ........
]
! '
W —:1/— ........ _\_/_
! 1
! 1
! |
 ——
R/B 1 \
!
tyy (Min. 100ns)
TL/D/11915-66
Erase
w h ........
I
! '
W —w ........ _\_/_
! 1
! 1
! |
—_—_
R/B \
Ll
tyy (Min. 100 ns)
TL/D/11915-67
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Supplementary Device Operation (continued)

(14) IN THE CASE THAT 4 ADDRESS CYCLES ARE INPUT
Although the device may acquire the fourth address, it is ignored inside the chip.

At Read operation:

ADDRESS INPUT

R/B \

FIGURE 23

TL/D/11915-71

At programming operation:

CLE / \

| S — | S
ADDRESS INPUT l DATA INPUT
IGNORED
FIGURE 24
(15) DIVIDED PROGRAM IN THE SAME PAGE (PARTIAL PAGE PROGRAM)
The device allows a page to be divided typically into 10 segments and to program each page segment selectively as follows:

TL/D/11915-72

THE FIRST PROGRAMMING DATA PATTERN 1 ALL ‘1'
SRR

THE SECOND PROGRAMMING % ALL "1 DATA PATTERN 2 ALL *1'

THE TENTH PROGRAMMING DATA PATTERN 10

RESULT | DATA PATTERN 1 | DATA PATTERN 2 | woreveereroiiimiiniiiii DATA PATTERN 10

TL/D/11915-73
FIGURE 25

Note: The input data of unprogrammed or previously programmed page segments must be “1”. (i.e., Mask all page bytes outside the segment to be programmed
with “1” data.)
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Supplementary Device Operation (continued)
(16) UNUSABLE BLOCK IDENTIFICATION T
The NM29N16 may contain unusable blocks. To simplify
identification, usable or good blocks leave the factory in the —> BAD BLOCK
erased state. On initial power up (after board assembly), TR
reading all the bytes in a usable block will result in FFH '
being read out. Unusable or bad blocks will read out some 1
data other than FFH. These blocks should be mapped out |
of the system and not used. The valid number of blocks is :
as follows: 1
77772777777777777] — BAD BLOCK
. i
Min | Typ | Max Unit TL/D/11915-83
Number of good blocks | 502 | 508 | 512 | Block C: Checkboard Pattern, AAH
C: Inverse Checkerboard Pattern, 55H
Blank Check: Usable blocks will read out ‘FFH’ for all bytes in block
BLOCK NO = 1
‘V‘
FAIL
BLANK CHECK
PROGRAM BLOCK
WITH C PATTERN
READ AND VERIFY
| Bock wo. = BLock No. + 1]
A
BLOCK ERASE
MAP AS
UNUSABLE BLOCK NO. = 512
BLOCK
PROGRAM BLOCK YES
WITH C PATTERN
READ AND VERIFY
C PATTERN
FAIL
BLOCK ERASE
BLOCK NO. = 512
| TEST END X
TL/D/11915-4
FIGURE 26. Identification of Unusable Blocks at Initial Power Up
http://www.national.com 26
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Supplementary Device Operation (continued)

(17) ERROR IN PROGRAM OR ERASE OPERATION (FAIL AT STATUS READ)

The device may fail during a program or erase operation due to exceeding write/erase cycle limits, for example. The following
system architecture will enable high system reliability if a failure occurs:

Program

When the error happens in Block A, try to reprogram the data into another Block B by loading from an external buffer. Then,
prevent further system accesses to Block A (by creating a “bad block” table or other appropriate scheme).

BUFFER
MEMORY
ERROR OCCURS
~
=
BLOCK A
—
-
[T } BLOCK B

TL/D/11915-75

Erase

When the error oocurs after an erase operation, prevent future accesses to this bad block (again by creating or updating a table
within the system or other appropriate scheme).

27 http://www.national.com
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Physical Dimensions milimeters
Output Drawings

Plastic TSOP

11.76 £ 0.20

LEAD #1

C/7 IDENT

0.10£0.05

noogogomog  ooooooooon *’

1 1110 13 _’l 22 DETAIL A

— |<—O.805 TYP 0.30+0.05 TYP TYPICAL

- [&]0.13 @]
18.81 MAX
1.0+£0.1 SEE DETAIL A
i— 18.41+£0.10 [ /i—10.16t0.10——|
[ L Y \
JY A
o =

\_ +0.10
0.15*3:32 Tvp

Plastic Thin Small Outline Package (S)
Order Number NM29N16S
NS Package Number NMDA0044

DIMENSIONS ARE IN MILLIMETERS MDA44 (REV 2)
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NM29N16 16 MBit (2M x 8 Bit) CMOS NAND FLASH E2PROM

Physical Dimensions milimeters (Continued)
Output Drawings

Plastic TSOP
1 10 13 22 _
LEAD #1
IDENT
11.76 £0.20
0o—109° +1.2 MAX
—
t t \ / 0.1040.05 J
0.5%0.1
44 1135 32 23 DETAIL A
— 0.805 TYP 0.30+0.05 TYP TYPICAL

18.81 MAX

[———————————18.41£ 0. 10—

1.0+£0.1 SEE DETAIL A
4:—10.1610.10—1

{ \ 1
+ MJST 8

DIMENSIONS ARE IN MILLIMETERS 0.15%5:39 Tvp MDB44 (REV &)

Reversed Plastic Thin Small Outline Package (R)
Order Number NM29N16R
NS Package Number NMDB0044

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.
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