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256M AND type Flash Memory
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Description

The Hitachi HN29W25611 Seriesis a CMOS Flash Memory with AND type multi-level memory cells. It has
fully automatic programming and erase capabilities with a single 3.3 V power supply. The functions are
controlled by simple external commands. To fit the I/O card applications, the unit of programming and erase
isas small as (2048 + 64) bytes. Initial available sectors of HN29W25611 are more than 16,057 (98% of all

sector address) and less than 16,384 sectors.

Features

e On-board single power supply (Veo): Ve =33V £0.3V
* Organization
O AND Flash Memory: (2048 + 64) bytes x (More than 16,057 sectors)
O Dataregister: (2048 + 64) bytes
e Multi-level memory cell
O 2 bit/per memory cell
e Automatic programming
O Sector program time: 3.0 ms (typ)
O System busfree
0 Address, datalatch function
O Internal automatic program verify function
O Statusdata polling function
e Automatic erase
0 Single sector erasetime: 1.5 ms (typ)
O System busfree
O Interna automatic erase verify function
0 Status data polling function
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HN29W 25611 Series

e Erasemode
0 Single sector erase ((2048 + 64) byte unit)
» Fast seria read accesstime:
O First accesstime: 50 ps (max)
0 Serial accesstime: 50 ns (max)
* Low power dissipation:
O leep =50 mA (max) (Read)
O lgg, =50 pA (max) (Standby)
O lecsllces = 40 mA (max) (Erase/Program)
O lgss =5 MA (max) (Deep standby)
« Thefollowing architecture is required for data reliability.
O Error correction: more than 3-bit error correction per each sector read
O Spare sectors. 1.8% (290 sectors) within usable sectors

Ordering Information

Type No. Available sector Package

HN29W25611T-50 More than 16,057 sectors  12.0 x 18.40 mm? 0.5 mm pitch
48-pin plastic TSOP | (TFP-48D)
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HN29W 25611 Series

Pin Arrangement

48-pin TSOP
Vss [] 10 48[ JVsg
Vec ] 2 47 Jvgg
OE[]3 46 | NC
1100 [ 4 45| | CDE
1o1[] 5 44[]NC
o2 6 43 ] RES
o3[ 7 42 ] NC
Vss[ |8 41 ] vee
NC[ ]9 40 NC
NC[] 10 39 |NC
NC[] 11 38 | NC
NC[] 12 37 INC
NC[] 13 36| NC
NC[] 14 35 |NC
NC[ 15 34 ]NC
NC[] 16 33 INC
Vee L] 17 32 Jvgg
1104 | 18 31| | RDY/Busy
1os [ ] 19 30 |WE
1106 [ 20 29[ INC
o7 [ |21 28| |CE
sc[] 22 27 NC
Vs [ 23 26| ] Vee
Vgg [ 24 25] Jvgg
(Top view)
Pin Description
Pin name Function
I/00 to 1107 Input/output
CE Chip enable
OE Output enable
WE Write enable
CDE Command data enable
Vet Power supply
Vg™ Ground
RDY/Busy Ready/Busy
RES Reset
SC Serial clock
NC No connection

Note: 1. All V. and Vg pins should be connected to a common power supply and a ground, respectively.
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Block Diagram
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HN29W 25611 Series

Memory Map and Address

Sector address

' A
2048 bytes 1 64 bytes
BFFFH oo mmmmm e Rt
2048 bytes . 64 bytes
SFFEH | I
2048 bytes | 64 bytes
3FFDH| ___ . yyt
| ;
: 2
: 2
' [8]
! O
' %)
H <
: o}
' o™
' O
' —
E ~
' [To]
' o
! ©
: —
2048 bytes 64 bytes
0002H | - oL ]
| 64
0001H | oo 2048 bytes | ;64 bytes |
2048 bytes ' 64 bytes
0000H : v
000H 80:0H 83|sz Column address
< : %
2048 + 64 bytes P >
Control bytes
Address Cycles I/00 | 1/01 [1/02|1/03 | 1/04 |1/05 | 1/06 | 1/07
Sector address | SA (1): First cycle A0 | A1 | A2 | A3 | AA | A5 | A6 | A7
SA (2): Second cycle| A8 | A9 |A10|A11|A12 |A13| x*2 | x
Column address| CA (1): First cycle A0 | AL | A2 | A3 | Ad | A5 | A6 | A7
CA (2): Second cycle| A8 | A9 |A10|A11l| x X X X

Notes: 1. Some failed sectors may exist in the device. The failed sectors can be recognized
by reading the sector valid data written in a part of the column address 800 to 83F
(The specific address is TBD.). The sector valid data must be read and kept outside
of the sector before the sector erase. When the sector is programmed, the sector
valid data should be written back to the sector.
2. An x means "Don't care". The pin level can be set to either V,; or V|, referred
to DC characteristics.
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HN29W 25611 Series

Pin Function

CE: CE is used to select the device. The status returns to the standby at the rising edge of CE in the reading
operation. However, the status does not return to the standby at the rising edge of CE in the busy state in
programming and erase operation.

OE: Memory data and status register data can be read, when OE isV,, .
WE: Commands and address are latched at the rising edge of WE.
SC: Programming and reading datais latched at the rising edge of SC.

RES: RES pin must be kept at the V| z (Vs + 0.2 V) level when V¢ isturned on and off. In this way, data
in the memory is protected against unintentional erase and programming. RES must be kept at the Vg (Ve
+ 0.2 V) level during any operations such as programming, erase and read.

CDE: Commands and data are latched when CDEisV,, and addressislatched when CDE isV .

RDY/Busy: The RDY/Busy indicates the program/erase status of the flash memory. The RDY/Busy signal
isinitially at a high impedance state. It turns to a V,, level after the (40H) command in programming
operation or the (BOH) command in erase operation. After the erase or programming operation finishes, the
RDY/Busy signal turns back to the high impedance state.

1/00to I/O7: Thel/O pins are used to input data, address and command, and are used to output memory data
and status register data.

M ode Selection

Mode CE OE WE sSC RES CDE RDY/Busy*® I/00to I/07

Deep standby x*t X X Vig X Vou High-Z

Standby \ x x x Vir X Vou High-Z

Output disable vV, Vi Vi, X Vi X Vou High-Z

Status register read** A A Vi X Vg X Vou Status register outputs
Command write* Vi Vi Voo Voo Ve Voo Vg, Din

Notes: 1. Default mode after the power on is the status register read mode (refer to status transition). From
I/00 to 1/O7 pins output the status, when CE =V, and OE =V, (conventional read operation
condition).

2. Refer to the command definition. Data can be read, programmed and erased after commands are
written in this mode.

3. The RDY/Busy bus should be pulled up to V.. to maintain the V,,, level while the RDY/Busy pin
outputs a high impedance.

4. An x means “Don't care”. The pin level can be set to either V, or V,, referred to DC characteristics.
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Command Definition* 2

First bus cycle Second bus cycle
Bus Operation Datain Operation Datain Data out
Command cycles mode* mode
Read Serial read (1) (Without CA) 3 Write O00OH Write SA (1)*
(With CA) 3+ 2h*®  Write 00H Write SA (1)*
Serial read (2) 3 Write FOH Write SA (1)*
Read identifier codes 1 Write 90H Read ID**°
Data recovery read 1 Write 01H Read Recovery
data
Auto erase Single sector 4 Write 20H Write SA (1)*
Auto program Program (1)  (Without 4 Write 10H Write SA (1)**
CA*")
(With CA*¥") 4+ 2h*®  Write 10H Write SA (1)*
Program (2)** 4 Write 1FH Write SA (1)*
Program (3) (Control bytes)*” 4 Write OFH Write SA (1)*
Program (4)  (WithoutCA*") 4 Write 11H Write SA (1)*
(With CA*") 4+ 2h*®* Write 11H Write SA (1)*
Reset 1 Write FFH
Clear status register 1 Write 50H
Data recovery write 4 Write 12H Write SA (1)*
HITACHI
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Third bus cycle

Fourth bus cycle

Bus Operation Datain Operation Datain
Command cycles mode mode
Read Serial read (1) (Without CA) 3 Write SA (2)**
(With CA) 3+ 2h*® Write SA (2)** Write CA (1)®
Serial read (2) 3 Write SA (2)*
Read identifier codes 1
Data recovery read 1
Auto erase  Single sector 4 Write SA (2)* Write BOH*"
Auto program Program (1) (Without 4 Write SA (2)** Write 40H™ 12
CAY)
(With CA¥) 4+ 2h** Write SA (2)** Write CA (1)
Program (2)** 4 Write SA (2)* Write 40H™ "
Program (3) (Control bytes)*” 4 Write SA (2)* Write 40H™ 12
Program (4)  (WithoutCA*") 4 Write SA (2)* Write 40H™ 12
(With CA¥) 4+ 2h** Write SA (2)* Write CA (1)
Reset 1
Clear status register 1
Data recovery write 4 Write SA (2)* Write 40H™ 1
HITACHI
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Fifth bus cycle Sixth bus cycle
Bus Operation Datain Operation Datain
Command cycles mode mode
Read Serial read (1) (Without CA) 3
(With CA) 3+ 2h** Write CA (2)*°
Serial read (2) 3
Read identifier codes 1
Data recovery read 1
Auto erase Single sector 4
Auto program Program (1)  (Without 4
CA*")
(With CA*¥") 4+ 2h*®*  Write CA (2)*® Write 40H™ 1
Program (2)** 4
Program (3) (Control bytes)*” 4
Program (4)  (WithoutCA*") 4
(With CA*") 4+ 2h*®  Write CA (2) Write 40H™ 12
Reset 1
Clear status register 1
Data recovery write 4
Notes: 1. Commands and sector address are latched at rising edge of WE pulses. Program data is latched

g ke

@

10.
11.

12.

at rising edge of SC pulses.

The chip is in the read status register mode when RES is set to V, first time after the power up.
Refer to the command read and write mode in mode selection.

SA (1) = Sector address (A0 to A7), SA (2) = Sector address (A8 to A13).

CA (1) = Column address (A0 to A7), CA (2) = Column address (A8 to A11).

(0 < A1l to AO < 83FH)

The variable h is the input number of times of set of CA (1) and CA (2) (1 <h <2048 + 64).

Set of CA (1) and CA (2) can be input not only one time but free times.

By using program (1) and (3), data can additionally be programmed for each sector before erase.
ID = Identifier code; Manufacturer code (07H), Device code (99H).

The manufacturer identifier code is output when CDE is low and the device identifier code is output
when CDE is high.

Before program (2) operations, data in the programmed sector must be erased.

No commands can be written during auto program and erase (when the RDY/Busy pin outputs a
VOL)'
The fourth or sixth cycle of the auto program comes after the program data input is complete.
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Mode Description

Read

Serial Read (1): Memory data DO to D2111 in the sector of address SA is sequentially read. Output data is
not valid after the number of the SC pulse exceeds 2112. When CA isinput, memory dataD (m) to D (m + j)
in the sector of address SA is sequentially read. Then output datais not valid after the number of the SC pulse
exceeds (2112 to m). The mode turns back to the standby mode at any time when CE is V..

Serial Read (2): Memory data D2048 to D2111 in the sector of address SA is sequentially read. Output data
is not valid after the number of the SC pulse exceeds 64. The mode turns back to the standby mode at any
timewhen CEisV,,.

Automatic Erase

Single Sector Erase: Memory data DO to D2111 in the sector of address SA is erased automatically by
internal control circuits. After the sector erase starts, the erasure completion can be checked through the
RDY/Busy signal and status data polling. All the bits in the sector are "1" after the erase. The sector valid
data stored in a part of memory data D2048 to D2111 must be read and kept outside of the sector before the
sector erase.

Automatic Program

Program (1): Program data PDO to PD2111 is programmed into the sector of address SA automatically by
internal control circuits. When CA isinput, program data PD (m) to PD (m + j) is programmed from CA into
the sector of address SA automatically by internal control circuits. By using program (1), data can
additionally be programed for each sector before the following erase. When the column is programmed, the
data of the column must be [FF]. After the programming starts, the program completion can be checked
through the RDY/Busy signal and status data polling. Programmed bits in the sector turn from "1" to "0"
when they are programmed. The sector valid data should be included in the program data PD2048 to PD2111.

Program (2): Program data PDO to PD2111 is programmed into the sector of address SA automatically by
internal control circuits. After the programming starts, the program completion can be checked through the
RDY/Busy signal and status data polling. Programmed bits in the sector turn from "1" to "0" when they are
programmed. The sector must be erased before programming. The sector valid data should be included in the
program data PD2048 to PD2111.

Program (3): Program data PD2048 to PD2111 is programmed into the sector of address SA automatically
by internal control circuits. By using program (3), data can additionally be programed for each sector befor
the following erase. When the column is programmed, the data of the column must be [FF]. After the
programming starts, the program completion can be checked through the RDY/Busy signal and status data
polling. Programmed bits in the sector turn from "1" to "0" when they are programmed.

HITACHI
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Program (4): Program data PDO to PD2111 is programmed into the sector of address SA automatically by
internal control circuits. When CA isinput, program data PD (m) to PD (m + j) is programmed from CA into
the sector of address SA automatically by internal control circuits. By using program (4), data can be
rewritten for each sector before the following erase. So the column data before programming operation are
either "1" or "0". Inthis mode, E/'W number of times must be counted whenever program (4) execute. After
the programming starts, the program completion can be checked through the RDY/Busy signal and status data
polling. The sector valid data should be included in the program data PD2048 to PD2111.

16383 16383 T 16383
Sector | Sector | |/ Sector
address address address

Memory array Me:mory array
0 l ‘ l ' ‘ l O
i N ’ |
° . e —
0 2111 O Column address 2111
Register Register

Serial read (1) (Without CA)

Program (1) (Without CA)
Program (2)

Serial read (1) (With CA)
Program (1) (With CA)

74

Memory arr:ay

1

—

o

Register

Serial read (2)
Program (3)

2048 2111

Status Register Read

The status returns to the status register read mode from standby mode, when CE and OE isV,,. In the status

register read mode, 1/0 pins output the same operation status as in the status data polling defined in the

function description.

Identifier Read

The manufacturer and device identifier code can be read in the identifier read mode. The manufacturer and
deviceidentifier codeis selected with CDE V,, and V ,, respectively.

HITACHI
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Data Recovery Read

When the programming was an error, the program data can be read by using data recovery read. When an
additional programming was an error, the data compounded of the program data and the origin data in the
sector address SA can be read. Output data are not valid after the number of SA pulse exeeds 2112. The
mode turns back to the standby mode at any time when CE isV,,,. The read data are invalid when addresses
are latched at arising edge of WE pulse after the data recovery read command is written.

Data Recovery Write

When the programming into a sector of address SA was an error, the program data can be rewritten
automatically by internal control circuit into the other selected sector of address SA’. In this case, top address
[SA13] of sector of address SA’ must be the same as SA. Since the data recovery write mode is internally
Program (4) mode, rewritten sector of address SA’ needs no sector erase before rewrite. After the data
recovery write mode starts, the program completion can be checked through the RDY/Busy signal and the
status data polling.

HITACHI
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Command/AddressyData I nput Sequence

Serial Read (1) (With CA before SC)

Caddress sAm—{sA@—{cAml—{cAe) ( CAm—cAg———
CETN__ ¥ -
WETN_ /ST N\ "
sc Ltow /NN N
Data output Data output

Serial Read (1) (With CA after SC)

CRdaross § Am}—cAe { A@+—cAwy -
TOE —\ / i i {
METN SN\ T\ k e W
ow / \ / \ / \
s /;a:\_O{I:L}J’ Data output ‘T/_\ Data output
Serial Read (1) (Without CA), (2)
Command/Address _| OOH/FOHI I SA (l)l I SA (Z)I ()(}_
CDE —\ / 3~
WE f—
WE "/ ___/ _/
sc Low
Data output
Single Sector Erase
Command/Address [ 20H] [sA W}—{sA (@)} [ BOH]
CDE T\ \ a
WE —\ SN

SC Low

Erase start

HITACHI
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Program (1), (4) (With CA before SC)

o {Torainl—{sA ml—{sA @—{cAm—{ca ) { A@OHca@y ) 40H
CDE —\ / § / « /
WVETN /T O\ ) /N ) -/
sc Low
Data input Data input Program start
Program (1), (4) (With CA after SC)
Command SA (L SA(2) e AL CA(2 4 A (AY—CA @) 40H
CEN___ . § /~
N e N e N S A VY e U e A VI U A i U
ow / \ / \_/ \ / N— —/ \—S
s - m Data input Data input Program start
Program (1), (4) (Without CA)
Command/Address —J10r/11H] [sa —{sA @] 4 40H
CDE \ ( /
—_ (C
WETN\_ /T O\ N\ ) _/
sc _Low /N
Data input Program start
Program (2)
Command/Address 1FH [sA W)—{sA @] { 40H
CDE ™\ \ (
_ ((C
WE ——\ / \ )) \ /
SC _Low /NN SN
Data input Program start

HITACHI
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Program (3)
Command/Address OFH [sA W—{sA @] ) { 40H]
CDE \ ()() /
- ((
WE \ / 0\ / )) \ /
sC _Low /N /N
Data input Program start
ID Read Mode
Command/Address 90H (h—
CDE \ N
WE —\ N
SC _Low (()_
Manufacture Device code Manufacture ’
code output output code output

Data Recovery Read Mode

Command/Address 01H

_

CDE

WE T\ / )

SC _Low

()_
%
h
S_

Data output

Data Recovery Write Mode

Command/Address [12H] [sA W]—sA 2] [ 40H]
CDE \ /
WE —\ /A e N

SC Low

Program start

HITACHI
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Status Transition

00H/FOH  /Read (1) / (2)
setup
. ~ CE
ID read setu
< 4 BUSY A
20H Sector SA (1), SA (2) Sector BOH Erase OF
Erase setup address input start read
. FFH
P Erase finish
SC, CDE
olumn address J
to
CA(1) CA(1)]
CAQ) PR
— 10H SA (1)
CE ! PD2111
Standby [ QutPut [/11H " Program \SA (2)Sector address Program ™\ » /Program ‘M
Y ¢— disable (1)/(4) setup input data input start ) read
< FFH 1 SC, CDE 7
P Program finish
1FH SA (1), oo
/OFH Brogram (2)/(ANSA (2), /Sector address dP ogram Program ) ‘M
setu input ataln ut start rea
. FFH B p lc :’CCDE p |
. Program finish |
< Program error or
__ Status register clear 50H Erase error
< C_E*Z
 FFH*2
(N ERROR
01H*! Bata recovery\ OE, SC . /Dara recovery
read setup read
CE SAg g
tErrgkr) ! output [12H*L Brogram retry\ SA(2) . Sector addresa\ 40H
sa*n y disable setup input
4 _FFH
_pﬁ Stat! ist ) OF
OE ;\/ Status register )
< read
S o/ y

Notes: 1. (01H)/(12H) Data recovery read/write can be used only for Program (1), (2), (3), (4) errors.
2. When reset is done by CE or FFH, error status flag is cleared.
3. When Program (3) mode, input data is PD2048 to PD2111.
4. When Error standby, Icc3 level is current.

16
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HN29W 25611 Series

Absolute Maximum Ratings

Parameter Symbol Value Unit Notes
V. voltage Ve -0.6to +7 \Y 1

Vs Voltage Vg 0 \%

All input and output voltages Vin, Vout -0.6to0 +7 V 1,2
Operating temperature range Topr 0to +70 °C

Storage temperature range Tstg —65 to +125 °’C 3
Storage temperature under bias Tbias -10 to +80 °C

Notes: 1. Relative to V.
2. Vin, Vout = -2.0 V for pulse width < 20 ns.
3. Device storage temperature range before programming.

Capacitance (Ta=25°C, f =1 MH2)

Parameter Symbol Min  Typ Max Unit Testconditions

Input capacitance Cin — — 6 pF Vin=0V

Output capacitance Cout — — 12 pF Vout=0V
HITACHI
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DC Characteristics (V. =3.3V £ 0.3V, Ta=0to +70°C)

Parameter Symbol Min Typ  Max Unit Test conditions
Input leakage current Iy — — 2 MA  Vin=Vgto Ve
Output leakage current lo — — 2 MA  Vout =V to V.
Standby V. current a1 — 03 1 mA CE=V,

lsg, — 30 50 WA CE=V,*02V,

RES =V, +0.2V

Deep standby V. current lsgs — 1 5 HA RES =V, 02V
Operating V.. current lect — 20 25 mA  lout=0mA, f=0.2 MHz

leca — 30 50 mA  lout =0 mA, f=20 MHz
Operating V. current (Program) |, — 20 40 mA  In programming
Operating V. current (Erase) I, — 20 40 mA  Inerase
Input voltage A -0.3*%%  — 0.8 \Y

V. 2.0 — Ve +0.3° V
Input voltage (RES pin) Vs -0.2 — 0.2 \%

Vi Vee—02 — Vee+02  V
Output voltage Voo — — 0.4 \% loo =2 MA

8 2.4 — — Y, loy = —2 MA
Notes: 1. V, min=-1.0V for pulse width < 50 ns in the read operation. V, min = —-2.0 V for pulse width < 20

ns in the read operation.
2.V, min =-0.6 V for pulse width < 20 ns in the erase/data programming operation.
3. V,ymax =V + 1.5V for pulse width < 20 ns. If V, is over the specified maximum value, the

operations are not guaranteed.

AC Characteristics (V.=3.3V £0.3V, Ta=0to +70°C)

Test Conditions

e Input pulselevels: 0.4V/24V
« Input pulselevels for RES: 0.2V/Ve.—0.2V
e Inputriseandfall time: <5ns
e Output load: 1 TTL gate + 100 pF (Including scope and jig.)
* Referencelevelsfor measuring timing: 0.8V, 1.8V

18
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Power on and off, Serial Read Mode

Parameter Symbol  Min Typ Max Unit  Test conditions Notes
Write cycle time tewe 120 — — ns

Serial clock cycle time tsce 50 — — ns

CE setup time toes 0 — — ns

CE hold time teen 0 — — ns

Write pulse time tue 60 — — ns CE=V,,0E=V,

Write pulse high time twen 40 — — ns

Address setup time tas 50 — — ns

Address hold time tan 10 — — ns

Data setup time tos 50 — — ns

Data hold time ton 10 — — ns

SC to output delay toac — — 50 ns CE=0E=V,,WE=V,
OE setup time for SC tocs 0 — — ns

OE low to output low-Z tom 0 — 40 ns

OE setup time before read toer 250 — — ns

OE setup time before tomws 0 — — ns

command write

SC to output hold ten 15 — — ns CE=0E=V,,WE=V,
OE high to output float tor — — 40 ns CE=V,,WE=V, 1
WE to SC delay time twso 50 — — us 2
RES to CE setup time tee 1 — — ms
SC to OE hold time tson 50 — — ns
SC pulse width tep 20 — — ns
SC pulse low time tepL 20 — — ns
SC setup time for CE tocs 0 — — ns
CDE setup time for WE teps 0 — — ns
CDE hold time for WE teom 20 — — ns
V. setup time for RES tyrs 1 — — us CE =V,
RES to V. hold time tyrn 1 — — us CE =V,
CE setup time for RES teesr 1 — — us
RDY/Busy undefined for V.  toe 0 — — ns
off
RES high to device ready  tg, — — 1 ms
CE pulse high time tepn 200 — — ns
CE, WE setup time for RES  toyre 0 — — ns
RES to CE, WE hold time  toyen 0 — — ns
HITACHI
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Parameter Symbol Min Typ Max Unit Test conditions Notes
SC setup for WE tew 50 — — ns

CE hold time for OE teon 0 — — ns

SA (2) to CA (2) delay time  tgp — — 30 us

RDY/Busy setup for SC trs 200 — — ns

Time to device busy on read tggx — — 1 us

mode

Busy time on reset mode tresy — 45 — us

Notes: 1. tg. is a time after which the 1/O pins become open.

2. twsp (Min) is specified as a reference point only for SC, if ts, is greater than the specified t,,s, (Min)
limit, then access time is controlled exclusively by tg,..

HITACHI
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Program, Erase and Erase Verify

Parameter Symbol Min Typ Max Unit Test conditions Note
Write cycle time tewe 120 — — ns
Serial clock cycle time tsce 50 — — ns
CE setup time tees 0 — — ns
CE hold time teen 0 — — ns
Write pulse time twe 60 — — ns
Write pulse high time twen 40 — — ns
Address setup time tas 50 — — ns
Address hold time tan 10 — — ns
Data setup time tos 50 — — ns
Data hold time ton 10 — — ns
OE setup time before command ty.,s 0 — — ns
write
OE setup time before status toeps 40 — — ns
polling
OE setup time before read toer 250 — — ns
Time to device busy tos — — 150 ns
Time to device busy on read tosr — — 1 us
mode
Auto erase time tase — 15 5.0 ms
Auto program time tasp — 3.0 200 ms
Program(1), (3)
Program(2) tasp — 25 20.0 ms
Program(4), tasp — 3.5 30,0 ms
Data recovery write
WE to SC delay time tweo 50 — — us
WE to SC delay time on tuwsor 2 — — us
recovery read mode
CE pulse high time tepn 200 — — ns
SC pulse width tsp 20 — — ns
SC pulse low time tepL 20 — — ns
Data setup time for SC tsps 0 — — ns
Data hold time for SC toom 30 — — ns CDE=V,
SC setup for WE tew 50 — — ns
SC setup for CE tecs 0 — — ns
SC hold time for WE tecrw 20 — — ns
CE to output delay ter — — 120  ns
HITACHI
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Parameter Symbol Min Typ Max Unit Test conditions Note
OE to output delay toc — — 60 ns
OE high to output float tor — — 40 ns 1
RES to WE setup time tep 1 — — ms
CDE setup time for WE teos 0 — — ns
CDE hold time for WE teon 20 — — ns
CDE setup time for SC tepss 1.5 — — us
CDE hold time for SC teosn 30 — — ns
Next cycle ready time troy 0 — — ns
CDE to OE hold time tenon 50 — — ns
CDE to output delay teoac — — 50 ns
CDE to output invalid teor — — 100 ns
CE setup time for OE teos 0 — — ns
CE hold time for OE teom 0 — — ns
CDE to OE setup time tepos 20 — — ns
OE setup time for SC toes 0 — — ns
OE low to output low-Z tom 0 — 40 ns
SC to output delay tonc — — 50 ns
SC to output hold toy 15 — — ns
RDY/Busy setup for SC trs 200 — — ns
CE hold time for WE town 1.0 — — us
CE hold time for WE on town 2 — — us
recovery read mode

WE hold time for WE town 1 — — us
Busy time on read mode tresy — 45 — us

Note: 1. t, is atime after which the I/O pins become open.

HITACHI
22



HN29W 25611 Series

Timing Waveforms

Power on and off Sequence

<
O
0
<
by}
»

(
- ¥
e XXXX/ TR0
tRp ||tcES tcen| fcesr Rp ||tces tcEH || tcESR
«—> <> «—> T
_ 7 ) s
WE o] INQOOOXXX
aw cWRH| |\
»—<«lcwRrs >4
YRH |«—ple»{ IDFP
(
RES  «1 7 2\ £ T\ o«
t t
BSY
> High-z  Ready BSY "
RDY N ) Y
/Busy /r W

Notes: 1. RES must be kept at the VR level referred to DC characteristics at the rising and falling edges of Ve
to guarantee data stored in the chip.
2. RES must be kept at the Vg level referred to DC characteristics while /07 outputs the Vo, level in the
status data polling and RDY/Busy outputs the Vo, level.

3. : Undefined
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HN29W

25611 Series

Serial Read (1) (2) Timing Waveform

t —»
_ COH
CE 3 ) K ) j/
t
-] tCES CPH ICEH
—_— A ) s
OE tewe fewe K 2 2 7 \XX/ ( (
torws typH twpr loER
WE x 7 p t_)s v \ s z z \ zgx 7 \—/—8 4
tcps t
_t\_/vPt | < twe twp twp|['coH
CDE I '#I' toes
'scc |
sc lSF'FK 4
TR
tsac tsH
1/00 to 1107
DOout/D20480ut  D1out/D2049out D21110ut/D21110ut 2 FFH
\y \y
=N tresy ( (
1 t
RP tbeR ._.IH RS High-Z N "
RDY ¥
/Busy 1\_/ ( ( ( (

Notes: 1. The status returns to the standby at the rising edge of CE.
2. Output data is not valid after the number of the SC pulse exceeds 2112 and 64 in the serial read mode (1)and (2), respectively.

3. After any commands are written, the status can return to the standby after the command FFH is input and CE turns to the V| level.

Serial Read (1) with CA before SC Timing Waveform

h-1 cycle *°

"
_— L
CE | \ ( feod
L»‘cgs ‘ tepH
o x/f fewe tewe tewe tewe _, k! S F toews towe k‘ (( \ z i 7 SS
Tobws| e el w7ty o) ] o] "
RARE = » A S\ A
t, t ] [ tsw T = 7
ops | fwe|| cos| e twr el Tl wi| twp , twpl
o e ez O M O o 8
. wsp tscc | lscc* tsoH oS tscc | tscc ™ tson
CDH tcos
< X R
= Ipg|

D(mjout  D(m+T)out

D(nout D(n+1)out

con

oH
9@“@2&

s § % )

toBR 0 trs High-Z [ f

& _/ =] ) § )
Notes: 1. The status returns to the Standby at the rising edge of CE.

. Output data is not valid after the number of the SC pulse exceeds (2112-n). (i <2111-n, 0 <n < 2111)
- Output data is not valid after the number of the SC pulse exceeds (2112-m). (j<2111-m, 0<m<2111)
. After any commands are written, the status can return to the standby after the command FFH is input and CE turns

to the V| level.

. This interval can be repeated (h-1) cycle. (1< h <2048 + 64)
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HN29W 25611 Series

Serial Read (1) with CA after SC Timing Waveform

#5
h cycle’ .

T ] ‘con 1
| § § n- ﬂ%_
L» fces fopm etoen™
OE XA( tewe towe “P % J toews tewe . 3 K “ \XX/ %
totws| twe| twph {oER ‘ twpH OFR |
_ \ — r \ r \_A —
w XT3 e U V0
twp twe fwp) fwe ) twp|'coH
cox YRRy [0 % TR AR
0‘ fscc _lscc+2 tsoH
fcos
7 \
fos -

D(m+1)out

D(KJout+2 CA(1) CA(2) " Dmyout

D(mj)out+3

! »

o O — § §

Notes: 1. The status returns to the Standby at the rising edge of CE.
2. Output data is not valid after the number of the SC pulse exceeds 2112. (0 < k < 2111)
3. Output data is not valid after the number of the SC pulse exceeds (2112-m). (j <2111-m, 0 < m < 2111)
4. After any commands are written, the status can return to the standby after the command FFH is input and CE turns to the V) level.
5. This interval can be repeated h cycle. (1< h <2048 + 64)

Erase and Status Data Polling Timing Waveform (Sector Erase)

e 4 L0 /X0000N,

T toe
L_» tegs CEH L—»tOE tcos

— VT g r \ | Lk
o X Lo e oe . | LUf W Rf W

toEWS tywpH | twpH twpH tase 'RDY
' am W an U an U an I BV N Wl

DS |dwe twp twp twp
_ CDS -
CDE 8 CDS Z'(\X/ \X/ \MS_

tcoH

SC
or
1/00 to 1/07
20H SA(L) SAQ2) BOH 107 = Vg, 107 = Vo
RES /
{ t *2
RP High-Z DB High-z
RDY a r
/Busy /

Notes: 1. Any commands,including reset command FFH, cannot be input while RDY/Busy outputs a Vg, .
2. The status returns to the standby status after RDY/Busy returns to High-Z.

HITACHI
25




HN29W 25611 Series

Program (1) and Status Data Polling Timing Waveform

R

_L PN e
cEs » tcen tce cos
OF X | ¥
X/rEOEwg tewe  fewce | SS /] \X/ 1\_/ \X/
T tweal twen loEPs  — » RpY .
> . »
J— 3 " 4 4 )
we X7 T h g ] NG W W L
t ASP tcps
teps, [welcps| twp|  twpl| | cPss tow[twel [ > e
— 5 N
oot XXREL |7 I v van nav7amimmvisdl
[ [ «SCCy 1 —lcpH
CDH CDH topr * tscHw
e Xy AN
— “lp—pHetaPHeta .
tscs| 0S| Tty e tacprbe o le 'QSDZH’ tsptsp _'DS| [on
1/00 to /07 Y IR AAAAAW
XXX QOUXKXN)
10H SA(l) SA(2 PDO PD1 PD2111  40H 1107 = Vg,
RES (€
5 SS LoY:! *3
trp High-Z High-Z
RDY (f
Busy / 2 —
/Busy w ’ /

Notes: 1. The programming operation is not guranteed when the number of the SC pulse exceeds 2112.
2. Any commands, including reset command FFH, cannot be input while RDY/Busy is VoL
3. The status returns to the standby status after RDY/Busy returns to High-Z.
4. By using program (1), data can be programmed additionally for each sector before erase.
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HN29W 25611 Series

Program (1) with CA before SC and Status Data Polling Timing Waveform

h-1 cycle*®
[ |
e | | /Ry
et il [en
| cEs % w tcen fce tcos|
oE Vi N N N FW_
O X/\ torws| tewe | fewe tewe | tewe % fewe BB _/
tweH|  twen|  twen twpH twH toeps=r*loe
z;; e—>| f—>| > r [N
o= . X
D ARVEYav Ay R U AV ARVARAVAN
+»] > 10 . teos
PN {w WP ASP\X/ L
J— tsw
CDE \x xi
—Hr-tcon
*2 te-tschw
sc \
oF
1/00 to 1107
10H SA(1) SA(@) CA(l) CA(2) PD(n) PD(n+1) PD(n+)*l CA(1) CA(2)' PD(m)PD(m+1)PD(m+j)*2 40H 1107=Vo, 1/07=Voy
RES Jool ) )
t
RP . tpe —
RDY High-Z , [+—> High-Z
Busy _/ ) ) -
Notes: 1. The programming operation is not guaranteed when the number of the SC pulse exceeds (2112 — n).(i < 2111 — n, 0 < n < 2111)

. The programming operation is not guaranteed when the number of the SC pulse exceeds (2112 — m).(j < 2111 —m, 0 < m < 2111)
Any commands, including reset command FFH, cannot be input while RDY/Busy is Vo, .

The status returns to the standby status after RDY/Busy returns to High-Z.

. By using program (1), data can be programmed additionally for each sector before erase.

. This interval can be repeated (h — 1) cycle.(1 < h < 2048 + 64)

Program (1) with CA after SC and Status Data Polling Timing Waveform

h cycle*6
= | |
=k m /X
>t — [
| CcES % w tcen fce tcos
o V7 N 3 fW_
Ok X/ ‘ toews| towc | towc 33 towe % \X/ j
twpH twpH t‘yﬂ: foeps=reloe trpy i
J— N p r
WE tow %_,z /
> [ > t
tepsirt tw twp ‘ COS
cDSS
oe KXKL TR
~
+1 |tcosH tcom
SC
Sjﬁj& - X\
tp t AH ¢ H DF
e et
1/00 to 1/07
10H SA(l) SA(2) PDO PD1 PD(k)*l CA(1) CA(2) PD(m) PD(m+1)pD(m+j)*2 40H 1/107=Vo, 1107=Voy
Sy ) )
trp . o B
RDY High-Z . ., [—>| High-Z
Busy __/ ) ) 2
Notes: 1. The programming operation is not guaranteed when the number of the SC pulse exceeds 2112.(0 < k < 2111)

. The programming operation is not guaranteed when the number of the SC pulse exceeds (2112 — m).(j < 2111 - m, 0 < m < 2111)

Any commands, including reset command FFH, cannot be input while RDY/Busy is Vg, .

. The status returns to the standby status after RDY/Busy returns to High-Z.

By using program (1), data can be programmed additionally for each sector before erase.

. This interval can be repeated h cycle.(1 < h <2048 + 64)
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HN29W 25611 Series

Program (2) and Status Data Polling Timing Waveform

Notes: 1.
2.
3.
4.

Gl - )\ VXK /XXX

/Busy J % ”

The programming operation is not guranteed when the number of the SC pulse exceeds 2112.

Any commands, including reset command FFH, cannot be input while RDY/Busy is V(, .

The status returns to the standby status after RDY/Busy returns to High-Z.

By using program (2), the programmed data of each sector must be erased before programming next data.

— P le— tcos
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oF f
X/rEOEw§ lewe fewe % /] \X/ 1\_/ \X/
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we X/ i i AN
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I s
T [\
o “—lcpH
CDH tschw
«© T
—p +tpy —tap - 5%
tscs| 0] [tac e ltas o i le S, | foH
o7 TTA KO J0 KO RO KRR O ERRER
NNNNNNN
1FH  SA(1) SA(2 PDO PD1 PD2111  40H 1107 = Vg, 1107 = Vgy
RES (€
4 33 [Io}:! 3
trp High-Z High-Z
RDY —

28

HITACHI




HN29W 25611 Series

Program (3) and Status Data Polling Timing Waveform

=l /XK, /RN
CE %
' tcos
lces tCEH t(‘E
N A
X/r oews| fcwc  tcwc % E]\- / \X/
T e toeps  —iiri+ ey
> R . oy
WE \ — v B
we X/ ng Er Zl] / ) / \X/ \X/ \X/ t
teps, [welcos twp|  twe| fcpss tsw g ASP . s
__ ; \
AR NN
T l, +
tC t SLC *—tcpH
o con tspL tscHw
) | jg
s “IoH—pre-tarP¢lantHetsp < toF
tscs t;l?s‘ tAS pilettAS prle : "DDS . ton
1/00 to /07 _) e
XXX XXX IR XXX
OFH  SA(1) SA(2) PD2048 PD2049 PD2111  40H 1107 = Vg, 1107 = Voy
ES
g ) SS tDB *3
trP High-Z o
RDY B
/ 2 —
/Busy 33 R /

Notes: 1. The programming operation is not guranteed when the number of the SC pulse exceeds 64.
2. Any commands, including reset command FFH, cannot be input while RDY/Busy is VoL
3. The status returns to the standby status after RDY/Busy returns to High-Z.
4. By using program (3), the data can be programmed additionally for each sector before erase.
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HN29W 25611 Series

Program (4) and Status Data Polling Timing Waveform

—
“ b ) VXN /300K
T Tteg T k—  tcos
CES tcen tce
” 83 AN AY
toews| tewe | fowe SI\_ L/
! twenl | tweH ‘oEPS < tRoy .
—_ \ p ¥ s p'S
we X/ F / \ / X/
L t
C ASP
teps, [Wricos| twel  twel| ‘coss tSW i > cos|
e T | W W
o T scc,, le—tcpn
oA CDH tsp|. tscHw
sc X\k twso72‘ EL Iz
= D TAP*taH : oe
tscs L‘?S: tAS piletAS »y > -r{SDH’tSP S| | o
1/00 to /07 XXZ R —s s
7 I
1IH  SA(@) SA[@ Pq 0 PD1 PD2111 40H 1107 = Vg, 1107 =Vgy
RES e %
> DBR | 1 Ly toB 3
trp R High-Z High-Z
RDY
\ 2 ——
/Busy / N/ SS 7
+—>IlresY

Notes: 1. The programming operation is not guranteed when the number of the SC pulse exceeds 2112.
2. Any commands, including reset command FFH, cannot be input while RDY/Busy is V), .
3. The status returns to the standby status after RDY/Busy returns to High-Z.
4. By using program (4), data can be rewritten for each sector.
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HN29W 25611 Series

Program (4) with CA before SC and Status Data Polling Timing Waveform

h-1 cycle*®
__
= & | | /Xy
et [V PE N
| CES w tcen fce tcos|
o VF ) " I\ X 7
OE X/ [toews| fowe | tewe | fowe | tewe % \X/ j
1t 1 t 1t twph [? t N
\;\I& "WPH ‘WPH \Izi}i ] ) OEP! OE ‘RDY
__ r r
WE TRVEVE T / ) 7\ VAN
) teos
e -
oo W
sc \
ToF
1/00 to 1107
11H SA(l) SA(2) CA(l) CA() PD(n) PD(n+l) PD(n+)*L CA(l) CA(2) PD(m) PD(m+1)PD(m+j)*2 40H 1/07=Vo, 1107=Voy
S » )
rp t t [f
aoy DBR4»| trBSY Jerllrs Highz N DB High-2+4
JALAS \ s —
Busy _/ N /] ) ) =
Notes: 1. The programming operation is not guaranteed when the number of the SC pulse exceeds (2112 — n).(i < 2111 — n, 0 < n < 2111)
2. The programming operation is not guaranteed when the number of the SC pulse exceeds (2112 — m).(j < 2111 — m, 0 < m < 2111)
3. Any commands, including reset command FFH, cannot be input while RDY/Busy is Vg, .
4. The status returns to the standby status after RDY/Busy returns to High-Z.
5. By using program (4), data can be rewritten for each sector.
6. This interval can be repeated (h — 1) cycle.(1 < h <2048 + 64)
Program (4) with CA after SC and Status Data Polling Timing Waveform
h cycle*6
& | ' 0y /Ry
‘ n L 4L i
> tces > >
L 33 33 tcen tce tcos|
o X % N
OE X/ [ torws % fewe % 1/
twpH toepsrHetoe e N
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tscg M leon|  tsec t o SCC
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ES j tresY
o o t ) ) t
DB
> L3S High-z LY High-z*4
RDY (¢ (¢ f——
Busy __/ ) ) °
Notes: 1. The programming operation is not guaranteed when the number of the SC pulse exceeds 2112.(0 < k < 2111)

. The programming operation is not guaranteed when the number of the SC pulse exceeds (2112 —m).(j < 2111 —m, 0 < m < 2111)
Any commands, including reset command FFH, cannot be input while RDY/Busy is Vg, .

. The status returns to the standby status after RDY/Busy returns to High-Z.

. By using program (4), data can be rewritten for each sector.

. This interval can be repeated h cycle.(1 < h <2048 + 64)
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HN29W 25611 Series

ID and Status Register Read Timing Waveform
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Note: 1. The status returns to the standby at the rising edge of CE.
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HN29W 25611 Series

Data Recovery Read Timing Waveform

*1 *3
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Notes: 1. The status returns to the standby at the rising edge of CE.
2. Output data is not valid after the number of the SC pulse exceed 2112 in the recovery data read mode.
3. After any commands are written, the status can turns to the standby after the command FFH is input
and CE turns to the V4 level.
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HN29W 25611 Series

Data Recovery Write Timing Waveform
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Notes: 1. Any commands,including reset command FFH, cannot be input while RDY/Busy is V(, .
2. The status returns to the standby status after RDY/Busy returns to High-Z.
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HN29W 25611 Series

Clear Status Register Timing Waveform
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Note 1. The status returns to the standby at the rising edge of CE.
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HN29W 25611 Series

Function Description

Status Register: The HN29W?25611 outputs the operation status data as follows: 1/O7 pin outputsaV o, to
indicate that the memory is in either erase or program operation. The level of 1/07 pin turnsto a Vo, when
the operation finishes. 1/05 and 1/04 pins output Vs to indicate that the erase and program operations
complete in afinite time, respectively. If these pinsoutput Vs, it indicates that these operations have timed
out. When these pins monitor, 1/07 pin must turn to aVo,. To execute other erase and program operation,
the status data must be cleared after a time out occurs. From 1/00 to 1/03 pins are reserved for future use.
The pins output Vo, s and should be masked out during the status data read mode. The function of the status
register is summarized in the following table.

1/0 Flag definition Definition

1107 Ready/Busy Vo, = Ready, V,, = Busy

1/06 Reserved Outputs a V, and should be masked out during the status data poling mode.
I/05 Erase check Vo, = Fall, V,, = Pass

1/104 Program check Vo = Fail, Vo = Pass

1/03 Reserved Outputs a V, and should be masked out during the status data poling mode.
1102 Reserved

/01 Reserved

1/00 Reserved

Requirement for System

Specifications

Item Min Typ Max Unit

Usable sectors (initially) 16,057 — 16,384 sector

Spare sectors 290 — — sector

ECC (Error Correction Code) 3 — — bit/sector

Program/Erase endurance — — 10° cycle
HITACHI
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HN29W 25611 Series

Unusable Sector

Initially, the HN29W25611 includes unusable sectors. The unusable sectors must be distinguished from the
usable sectors by the system as follows.

1. Check the partial invalid sectors in the devices on the system. The usable sectors were programmed the
following data. Refer to the flowchart “Indication of unusable sectors’.

Initial Data of Usable Sectors

Column address OHto 81FH 820H 821H 822H 823H 824H 825H 826H to 83FH

Data FFH 1CH 71H C7H 1CH 71H C7H FFH

2. Do not erase and program to the partial invalid sectors by the system.

( START )
!

Sector number =0

4
Read data Column address = 820H to 825H

Sector number =
Sector number + 1
/Y

Bad sector*?

No

Sector number = 16,383

Yes

G

Notes: 1. Refer to table "Initial data of usable sectors".
2. Bad sectors are installed in system.

Indication of Unusable Sectors
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HN29W 25611 Series

Requirementsfor High System Reliability

The device may fail during a program, erase or read operation due to write or erase cycles. The following
architecture will enable high system reliability if afailure occurs.

1. For an error in read operation: An error correction more than 3-bit error correction per each sector read is
required for data reliability.

2. For errorsin program or erase operations. The device may fail during a program or erase operation due to
write or erase cycles. The status register indicatesif the erase and program operation complete in afinite
time. When an error happens in the sector, try to reprogram the data into another sector. Avoid further
system access to the sector that error happens. Typically, recommended number of a spare sectors are
1.8% of initial usable 16,057 sectors by each device. If the number of failed sectors exceeds the number
of the spare sectors, usable data areain the device decreases. For the reprogramming, do not use the data
from the failed sectors, because the data from the failed sectors are not fixed. So the reprogram data must
be the data reloaded from outer buffer, or use the Data recovery read mode or the Data recovery write
mode (see the “Maode Description” and under figure “ Spare Sectorsin Program Error™). To avoid
consecutive sector failures, choose addresses of spare sectors as far as possible from the failed sectors.
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HN29W 25611 Series

START >

!

Program start Set an usable sector

Program end Check RDY/Busy

Check status No * “
Yes Clear status register

! ‘ ,

Load data from ;
external buffer Data recovery read Data recovery write

| |
!

Set another

Program start
9 usable sector

Y
Program end Check RDY/Busy

No

Check status

) Check status: Status register read

Spare Sectorsin Program Error
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HN29W 25611 Series

Memory Structure

bit

o ,

I = /

|3} ]

8 '

< ] <+— sector
o] ]

™ '

= '

byte (8 bits)
«

2,112 bytes (16,896 bits)

Bit: Minimum unit of data.
Byte: Input/output data unit in programming and reading. (1 byte = 8 bits)
Sector: Page unit in erase, programming and reading. (1 sector = 2,112 bytes = 16,896 bits)

Device: 1 device = 16,384 sectors.
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HN29W 25611 Series

Package Dimensions

HN29W25611T Series (TFP-48D)

12.00 Unit: mm
12.40 Max

18.40

<
=
=1p¥ 0.80
e 20.00 + 0.20 —
.1.0.45 Max ~IN hae ——
‘ #7 g S 00 —_ 50 \
* i N ¥
« } 0 \T 050+0.10 | |
o
8§ Liofow S
+
g. o Hitachi Code TFP-48D
- S JEDEC Conforms
*Dimension including the plating thickness EIAJ Conforms
Base material dimension Weight (reference value)| 0.49 g
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HN29W 25611 Series

Cautions

1. Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s patent,
copyright, trademark, or other intellectual property rights for information contained in this document.
Hitachi bears no responsibility for problems that may arise with third party’ s rights, including intellectual
property rights, in connection with use of the information contained in this document.

2. Products and product specifications may be subject to change without notice. Confirm that you have
received the latest product standards or specifications before final design, purchase or use.

3. Hitachi makes every attempt to ensure that its products are of high quality and reliability. However,
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HN29W 25611 Series

Revision Record

Rev. Date Contents of Modification Drawn by  Approved by
0.0 Jan.8,1999 Initial issue M. Shirai T. Totsuka
0.1 Jun. 28,1999 Deletion of V.. =5.0 V £ 0.5 V operation M. Shirai H. Uchida

Sector program time: 1.0 ms to 3.0 ms
Single sector erase time: 1.0 msto 1.5 ms
Error correction: more than 1 bit... to more than 3-bit...
Command Definition: Addition of Data recovery read item
Addition of description for Data recovery read
Change of Status transition
AC Characteristics
Change of parameter name: tgygpg t0 to
toer MiN: 200 ns to 250 ns
toeps MiN: 200 ns to 40 ns
tase typ: 1.Omsto 1.5 ms
tase (Programi, 3) typ: 1.5 msto 3.0 ms
tase (Programl, 3) max: 37.0 msto 20.0 ms
tase (Program?2) typ: 1.0 msto 2.5 ms
tase (Program2) max: 35.0 ms to 20.0 ms
tase (Program3) typ: 2.0 msto 3.5 ms
tase (Program3) max: 40.0 ms to 30.0 ms
tepsy Min: 0 ns to 30 ns
tog, Min: —to 40 ns
Change of Timing Waveforms
Serial read (1) (2), Serial read (1) with CA before SC,
Serial read (1) with CA after SC and Data recovery read
Notes
Change of description for Enable high system reliability 1
Deletion of description for Enable high system reliability 3
and Prohibit the command except command definition

1.0 Dec. 10, 1999 Features: Change of required architecture

Change of table for Command definition
Mode Description

Addition of description for Data Recovery Write
Addition of figure for Data Recovery Write
Change of Status Transition
Timing Waveforms: Addition of Data Recovery Write
Notes: Change all item

Addition of flowcharts

Change of contents
Addition of Memory structure
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