LENESANS
HN29V1G91T-30

128M x 8-bit AG-AND Flash Memory

REJ03C0056-0400Z
Rev. 4.00
Jul.20.2004

Description

The HN29V1G91 seeis achives a wrie speed of 10 Mytes/sec, with is 5times faster thn Reresas's
previous multi level cell Flashmemory, using 0.13um processdchnobgy and AG-AND (Assit Gae-
AND) type Flash ramory cell using nulti level celltechnology providg both the rost cost effective
solution and hijh speed programing.

Features

e On-board sigle power suppt Vec=2.7VD3.6V
e Operaion Tenperaure range:Ta=0b +70°C
e Memory organkzaion
— Memory array (2048+64) btes x 16384 page 4 Bank
— Page sie: (2048+64) btes
— Block size: (2048+64) btes x 2 page
— Page Ryister: (2048+64) btes x 4 Bank
e Multi level memory cell
— 2bit/cell
e Automatic program
— Page program
— Multi bank program
— Cache program
— 2 page cache program
e Automatic Erase
— Block Erase
— Multi Bank Block Erase
e Access tine
— Memory array to register (1st accesséim 120us mex
— Serial access: 35 nsm
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e Low power dsspaion
— Read kc1 (50 ns cgle): 10 nA (typ)
— Read kc2 (35 ns cgle): 15 mA (typ)
— Programiccs (single bank): 10 nA (typ)
— Programlccq (Multi bank): 20 mA (typ)
— Erase ¢¢5 (single bank): 10 nA (typ)
— Erase ¢cg (Multi bank): 15 mA (typ)
— Standbylsg; (TTL): 1 mA (max)
— Standbylsg, (CMOS): 50uA (max)
— Deep Sandbylsgs 5pA (max)
e Programtime: 600us (typ) (Sigle/Multi bank)
— trarsfer rate: @ MB/s (Multi bank)
e FEraseime: 650us (typ) (Simgle/Multi bank)
e The fdlowing architecture is reqiredfor data reliahlity
— Error corredon: 3 bt error corredbn per 512bie are recormended.

— Block replacerant: When an error occulig programpage, block replacesnt including
corresponding page shdube done. \Wen an error occurs Erase operation, future access to this
bad bbck is prohbited. Itisrequied b manage i creaing a gble or using anoher appropate
scheme by the systenValid blocks. Initial valid blocks for more than 98% per Bark.
Replacemant blocks rast be ensured one than 1.8% of valid blocks per Bank).

— Wear bveling: Wear kveling isto level Programand Erase @les n one bbck in order b reduce
the burden for one btk and ét the devce bstfor long ime. Acually, it does dedctthe block
which is erased and rewritterany timesand replace it with less accessed block.

To secure 10cycles as the progrderase enduranceeed to control not to exceed Progrand
Erase cygles b one bbck. You shoud adoptwear bveling oncem 5000 Progranand Erase afes.
It is better toprogramit as a ariable by sdtware.
e PrograniErase Endurancei® cycles
e Package line up
— TSOP: TSOP Tye-| 48ph package (TFP-48DA)

Ordering Information

Type No. Operating voltage (Vcc)  Organization Package
HN29V1G91T-30 27Vto3.6V %8 12.0 x 20.00 mm?
0.5 mm pitch

48-pin plastic TSOPI (TFP-48DA)
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Pin Arrangement

48-pin TSOP
RES 1 48 [ NC
NC []2 O 47 [ NC
NC []3 46 [ NC
NC []4 45 [ NC
NC []5 44 [ 1/08
NC []6 43 [ 1107
RB 7 42 [ 1/06
RE [ 8 41 [ /05
CE [9 40 [ NC
NC [10 39 1 NC
NC 11 38 [ PRE
Vee 12 37 [ Ve
Vgs 13 36 [ Vg
NC []14 35 [ NC
NC []15 34 [ NC
CLE []16 33 [ NC
ALE []17 32 [ /04
WE []18 31 [ 1/03
WP []19 30 [ 1/02
NC []20 29 [ 1/01
NC []21 28 [ NC
NC []22 27 [ NC
NC []23 26 [ NC
NC []24 25 [ NC
(Top view)

Pin configuration

Pin name Function

I/01to /08 Command, address, data Input/output

CLE Command Latch Enable

ALE Address Latch Enable

CE Chip Enable

RE Read Enable

WE Write Enable

WP Write Protect

R/B Ready/Busy

PRE Power on Auto Read Enable

RES Reset

Vee Power

Vss Ground

NC No Connection
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Block Diagram

16
Page address buffer I j
| a |_ I|_ —\r--T- - - - T T T T T T T T a
! Bank0 I'1Bank1Bank] | Bank3 |
: T :
! L H I I I
I I I Il !
| Iy i 11 |
I T I
| |
R R R L
| | |
| |fecoden | xie3sapage | 11l [{[9%%%T | x16384 page |
: | | I 11 |
| : | I 11 |
P '
16 | | | 1 11 |
| - [ 1 11l |
! Loy '
l T I
| |
| | | 1l |
Q> | |
Vo1 O3 Muli- | 8 | Data : Data register : I hi I Data register :
to ¢ | plexer [77]input | 2048+64 byte | | | I ! ! 2048+64 byte |
/08 Oes] buffer : : : I: | : :
I I !
| | |
: Y-Gating [ : : H : : Y-Gating :
| Y-Decoder | : H : : Y-Decoder |
| | | Il |
- ] L
Input data I I
Vee O * 1 control e
8 12
Vgs O— Column address
counter
Data
[ output buffer
RB Qe——«—]
CE O Read/Program/Erase
% T control
RE O Control [ |
WE O——{signal
WP C buffer
CLE O—
ALE O—
PRE O—|
RES O—|
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Memory map and address

Memory Map
FFFFH [ L]
FFFEH [ [
FFFOH | } 77777 1Page = (2048+64)Bytes: Program Size
I
} 1Block = (2048+64)Bytes x 2Pages: Erase Size
} = (4096+128)Bytes: Erase Size
I
} 1Device = (2048+64)Bytes x 2Pages x 32768Blocks
|
,,,,,,,,,,,,,,,,,,, |- — —
ooo6H | | } 77777
ooo5H | [
0004H | L I~
ooo3H | } 77777
ooo2H | [ Block 2
ooOMH | } 77777 Block 1
0000H 2048bytes |64bytes Block 0
Data register |
~
2048bytes 64bytes
Bank Organization
Bank0 Bank1 Bank2 Bank3
(8192Blocks) (8192Blocks) (8192Blocks) (8192Blocks)
(16384pages) (16384pages) (16384pages) (16384pages)
Block 0 Block 1 Block 2 Block 3
page 0 page 1 page 2 page 3
page 4 page 5 page 6 page 7
Block 4 Block 5 Block 6 Block 7
[ page 8 | [ page 9 | [ page 10 | [ page 11
[ page 12 | [ page 13 | [ page 14 | [ page 15
[ ] [ ] [ ] [ ]
[ ] [ ] [ ] [ ]
[ ] ] [ ] [ ]
Block 32764 Block 32765 Block 32766 Block 32767
page 65528 page 65529 page 65530 page 65531
page 65532 page 65533 page 65534 page 65535
Addressing
Symbol | 1/08 | 1/07 | /06 | I/O5 | 1/04 | 1/O3 | 1/02 | /01
1st Cycle CA1 A7 A6 A5 A4 A3 A2 A1 A0 | Column
2nd Cycle CA2 L L L L | A1 |A10| A9 | A8 |address
3rd Cycle RA1 | A19 | A18 | A17 | A16 | A15 | A14 | A13 | A12 |Row
4th Cycle RA2 | A27 | A26 | A25 | A24 | A23 | A22 | A21 | A20 |address
A12, A13: Bank select
A14: Page select
A15 to A27: Block select
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Pin Functions
Chip Enable: CE

CE is used for lhe seécion of he devie.

It goes ® the sandbymode wherCE goes ¢ ‘H’ | evel when he devie & in the Ouput disabk shte.
When he devte i in the Busy state durng Progranor Erase or Bad operaon, CE signalis ignored and
the device does noteturn to the sandbymode evenfiCE goes ¢ High.

Read Ehable. RE

TheRE signal contols seral dat ouput Datis avalable kea after the faling edge oRE.
The internal address counter is@increnented by one (Address = Address + 1) on this falling edge.

Write Enable: WE

WE is the signal to latch each déatathe device fronthe I/O port.
Data are btched i the devte on he rising edge oWE.

Command Latch Enable: CLE

The A_E inputsignalis used ¢ contol loading of the operabn node conmand into the internal register.
The conmand is latched hto the internal register fromthe 1/0 porton the rising edge oWE when CLE is
high.

Address Latch Enable: ALE

The ALE inputsignalis used ¢ contol loading of the input addressiformation or nputdag into the
internal addresslat register.
Address $ latched on he rising edge oWE with ALE high ard Data is latchd with ALE low.

I/O port: 1/01 to 1/08

The 1101 © 1/08 pins are used as a pdor transferrng address, comand and nputoutputdat to and
from the device.

Write Protect: WP

The WP signal is used to protect the devicenfraccidental programing or erasing. Th&P low reset
internal progranferase operabn. Itis usualy used for pratcing the dag with the WP low during the
power-ondff sequence whemputsignak are nvalid.

Ready Busy: RB

The RB output signalindicaks he satus of he devie operabn. When t is low, it indicakes hatthe
Program Erase or Rad operabn isin process and returns to Ready stat@®(RH) after canpletion of
the operabn.

The ouput buffer for tis signalis an open-drai and hasa be puled up b V¢ with appropréte regster.
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Reset: RES

TheRES signal contols resetoperaiton for devce. When power on and power off, keemp p level
(Vsst 0.2V), and keep piVyp level (Vcc £ 0.2V) durhg programerase, read operan.
The tanstion o deep sandbymode s execuéd whenRES set \ p level during sandbymode.

Power on auto Read bable: PRE

The PHE contols aub read operabn executd during power-on. The power-on auto-read is enabled when
PRE pnis tiedto Vcc. Plase corct Renesas Technoby's saks office before usig the power-on awuk
read.
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Mode selection

The addressiput conmand input, and dad inpufoutputoperaiton of he devce are comblled by RES,
WP, WE, CE, CLE, ALE,RE, PRE signak. The folowing showsle operabn logic table.

Logic Table
Mode RES*® Wp+? CE WE CLE ALE RE PRE*®
Read Mode Command Input H X L f H L H x*?
Address Input H X L Lf L H H xx?
(4clock)
Write Mode ~ Command Input H H L Lf H L H x*?
Address Input H L Lf H x*?
(4clock)
Data Input H H L Lf L L H xx?
Data Output H X L H L L I x*2
During Read (Busy) H X L H L L H x*?
During Program (Busy) H H X X X X X x*2
During Erase (Busy) H H X X X X X x*?
Write Protect H L X X X X X xx?
Stand-by H Vs 0.2V H X X X X Vss 0.2V
Nccx 0.2V Nect0.2V
Deep Stand-by Vss 0.2V Vss 0.2V X X X X X Vss 0.2V
Nccx 0.2V Nect0.2V

Notes: 1. H: Vi, L: Vi, xi Viyor Vi

2. PRE must be “H” fix when using Power On Auto Read and “L” fix when not using it.
3. RES, W, PRE must be set L: Viip, H: Vinp, X: Vinp Or Vip

Program/Erase Characteristics

Symbol Min Typ Max Unit Notes
Program Time tprOG — 0.6 2.4 ms
Cache Program Time tcPrOG — 0.6 4.8 ms
Dummy Busy for Cache Program tcesy — 3 2400 us
Dummy Busy Time toesy 1 — 4 us
Number of Partial Program Cycles in a Same Page N — — 8 cycles
Block Erase Time teERS — 0.65 20 ms
Page mode Erase Verify Time tpev — — 50 us
Block mode Erase Verify Time teev — — 70 us
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Command Definition

Command Sets 1st. cycle 2nd. cycle acceptable while Busy
Read 00h 30h

Multi Bank Read 00h 31lh

Random Data output in a Page 05h EOh

Read for copy back 00h 35h

Copy Back Program 85h 10h

Page Data output 06h EOh

Multi Bank Copy Back Program 85h 11h

Data Recovery Read 06h EOh

Data Recovery Program 85h 10h

Reset FFh — Acceptable
Page Program 80h 10h Acceptable*2
Random Data Input in a Page 85h — Acceptable*2
Multi Bank Page Program 80h 11h Acceptalble*2
Cache Program 80h 15h

Block Erase 60h DOh

Multi Bank Block Erase 60h-60h DOh

Read Status 70h — Acceptable
Read Error Status 72h — Acceptable
Read Multi Block Status 71h — Acceptable
Read Multi Block Error Status** 73h, 74h, 75h, 76h — Acceptable
Status mode Reset 7Fh —

Page mode Erase Verify 60h D2h

Block mode Erase Verify 60h D3h

Read ID 90h —

Device Recovery 00h 38h

Notes: 1. Read Multi Block Error Status
73h: BankO Error Status, 74h: Bankl Error Status, 75h: Bank?2 Error Status, 76h: Bank3 Error
Status

2. The input of the program data can be done only in Busy state of Erase operation.
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Device Operation

Page Read

It becones Busy state WitRWE rising edge aér writing 00h abng wih four address ales and 30h and
data trarsfer starts frmm memory array tothe dataregister. The dewde ouput the daa serally from
specified cdumn address wieninputting address ly the repetitive Hgh to low trarsition of the RE clock
after it is Ready state.

It is possble o shoren Busy time afer the 2nd pge when e daa of page ovedpped ¢ 4 bank
consecuvely like Page 0, Pagel, Page 2, Paggeread out (Please see 4 page read below).

The dah of Page 1d Page 3 argansferredd the daa regster when wriing 00h and 30h spédging
column address and Page 0.

The devte ouputthe das of Page 0 seaily by clocking RE after transferring it fronmemory arrayto the
dat@regster.

The dah of Page 1, Page 2, Page 3 athare tansfered b the dat register can be opiut usng Page dat
outcommand (06hEOh) afer the dah of Page O oyntut
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A

e ) \
CE

U 0 OO0

VYAV

column address M Page address N

o

Page address N

pageN

(™

R/B (A)

columnJ N=0,4,8,12...

10 oon)CA1XCAZXRATXRAZ(30)———Dar)Poun)—0Em)XCATCAZXRATXRAZEON Do) Pusr)B)

R/B r
\ Busy /
TR P31 N
Memory array
Data register O I
M
4page read
_ t
R/B R (A)

L

pageN columnK  pageN+1

(2) (3)

columnL  pageN+2

columnM  pageN+3

/0 (B) {osn)XcatXCcAzXRATXRAZ)EON){Par) o) CosnXcatycaaXRaXRAZX Eom Doy (Do)

“4) 5)
Bank 0 Bank 1 Bank 2 Bank 3
Memory array Page N Page N+1 Page N+2 Page N+3
Data register | | | | |
M
Bank 0 Bank 1 Bank 2 Bank 3
Memory array Page N Page N+1 Page N+2 Page N+3
A R w A ES B
Data register | cUXXXX00—— HXRORKRNRH RRRRNARRE
column J column K column L column M
4
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Random Data output n a Page Read

When the device oyiut the dat serglly in Page reathode operabn, he daa from any column addressn
a Page whh isreading can be ogtut by writing 05h and EOh wh two column address ayles.

There s no restiction on an order of coimn address with can be spefied andtiis possble © speciy
many times hcluding sane column addressni the sane Page address.

as [\ A A
)W\ O A
RVATRVRVRVAY VYV VYV
we | \ [\
T e VVV . VY

address L address N pageN address M pageN

o —oonXcarXcazXRa1XRAZX30n)— L XL+t XL+2)X05h XCALXCAZXEOn)—— M XM+1XM+2)
R/B \—/

Memory array

. SAVAVAAVAVAY; SAVAVAVAVAVAAV I
Data register
L

M
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Multi Ba nk Read

Multi Bank Read operation enablesréad the data of any Page address in 4 bantting/00h conmand
with four address ajes can be spdoed b maximum 4 Bank. There $ no restiction on an order of a
Bank to speciy.

Page address specified later beepmffectivewhenit is specified twice inthe sane Bark.

The device becoaReady site atrising edge oWE after writing 31h cormand with speciying address
ard the data trarsfer fran the memory array tothe data regster is started

After it becones Ready state, it exetes spedying a bank for read and cohn address for arting read by
writing 06h and EOh comend with four address ayles. Afer thatthe device oyiut the daa serally from
column address with is speciied byclockingRE. It is possible to specifgny bank for read and to read
the cata which is trarsferredto the cbta regster reatedyy.

_ t
R/B |_R| (A)
column J column K column L column M column J' column K’
page N page P page Q page R page N page P
1/10 AddressAddressAddressAddress @ @@% m B)
Bank0 Bank1 Bank2 Bank3 Bank0 Bank1
() @) @)
R/B(A)
column L’ column M’
page Q page R
1/0 (B)——0enXaddress)EONXDo) Oy 06X Address XD Boy)
Bank2 Bank3
“4) ©)
Bank 0 Bank 1 Bank 2 Bank 3

Memory array

Data register

Bank 0 Bank 1 Bank 2 Bank 3
Page N
Memory array Page Q Page R
e B R Page P E R 9 E o
Data register %7 %ﬂ %7 %7
column J’ column K’ column L’ column M’
) (©) “4) 5)

Note: 1. (2) (3) (4) (5): repeatable
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Multi Bank Read Random Data output

The data can be read out setting colladdress freglon e wayto the read operain of Page address
data in each Bank in Multi Bank Read operation. ftdssible to read out tltata by writing 05h and EOh
command with two colunm address cycles. There is mstriction to specify any columaddress and it is
possble 1 specly it including sane one n the sane page addressany times.

_ !
R/B |_R| (A)
column J column K column L column M column J’
page N page P page R page N column J”
1/10 .(Address)-.(Address}.(Address}.(Address @ @ Address @% % @ Address @% .—(B)
M 2
RB
(A) (C)
column K’ column L
page
O e o S e o S e o o o e o o o |
(©) 4)
RB
(C}
column M’
page R
R o o e e s o o
®)
Bank 0 Bank 1 Bank 2 Bank 3
Memory array Page N i WY 1 page R 1:
¥
Data register | | | | | | | |
(1)
Bank 0 Bank 1 Bank 2 Bank 3
Memory array X Page N & X Page P 1 X Page Q & Page R
Data register M LM*_QGM:IT [ COOROORKKE- R | A= %ﬁ
column J’ column K’ column L’ N column M'\_4
) column J’ 3) column K” (4) column L” (5) column M”
Note: 1. (2) (3) (4) (5): repeatable
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Page Program

Page prograrmoperaton enabés o write the dafiinto onePag address. Tl dita is stoedinto the data
register afer writing 80h command with four addressniput (Column address, Page address) ana ogtut
It is also sbred semlly from column address with is inputand hen aubmatic programoperaion strts
after writing 10h cormand (Progranconmand). Progranoperaiton rmust be execied to a Page address
which the datiis erased. A nufbver of addional programin the sane Page address maximum 8 times.

N N /A
e AAM MMM MR R R
YAVAVAVAVAYRYAYAYAY Y

RE
Column Page \—/

address M address N

o @Y cAm}cadXrATXRA2 BB

tPROG

R/B

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Page N
Memory array Program
Data register | ¢ I
M
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Page Program Random Data input in a Page

This operation enables to input the progi@aiain the Page address randgwriting 85h conmand with
two coumn address inpubn the wayto the progranoperaton in the Page programmode.
It can nputthe daf by specfying a colimn addressri the sane page whth you wantto programthe data

using tis mode.

After conmpletion of he da& input, programit to the spedied colmn addresss execuéd aubmatically by
writing 10h command (Progranstart conmand). Progranoperaton nmust be execudd to a Page address

which the dceta is erased

A number of addional programin the sane Page address maximum 8 times.

The da& of 1 byte or nore needa be nputwhen t isin randomdat input

ce | (

A A

|\ «.
{

= \AAMARRAAAR QMM KR

A\ KX

77

77

RVAVRVEVAVAVAVAVAVARVAVAVARVAVAWAVAY
ALE 4/—\ [

RE

\

Column Page
address L address N

Column
address M

tPROG

T

10

R/B

KOO P a g e N
Memory array Program
£ S
Dataregister | 0—— o—— |
L —"'M
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Multi Bank Page Program

It is possible to prograrthe data to any one pagddress in each bank sittaneously since this device
adops 4 bank sticture. The bankatbe programed the datiis chosen froml bank & maximum 4 bank.
Address and data for next bagén be input consecutively yriting 11h conmand (dummy conmand)
after writing 80h cormand with column and paged@dress, daas wel as usuapage program
Programoperaton o severabanks speéiied aubmaticaly are execud smultaneousy by writing 10h
command (progranstart conmand) afer daginputto the meximum 4 bank corpletes.

R/B tossy toesy (A)
column J page N column K page P
o (aonxXcancazxRaKRAZ( D )P X11h)—BonXcATXcAzXRANKRAZY D )< P X 11h)———B)
(1) Bank0 (2) Bank1
R/B toesy tproG
(A) || | ]
1o column L page Q column M page R
(B) —8onXCA1XCA2XRATXRAZYX D ) Dy X 117800 XCATXCAZXRATXRAZ) D1y )< By X 100710 B
(3) Bank2 (4) Bank3
Bank 0 Bank 1 Bank 2 Bank 3
Page P — Page Q _— Page R
M Page N A SSIOEEER) 0000000000000
emory aray | program ®) Program “5) Program (5) Program (5)
1 I I
Data register | ¢—> | | ¢>—>
column J column K column L column M
(1) 2 (3) 4)
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Multi Bank Page Program Random Data Input in a Page

This mode enalds o inputprogramdat speciying an addressia page with the dagis progranmed
when it is in Multi Bank Page Programperation. Th data can be input salty by writing 85h command

with column addressd on he wayto the datinputto the page addrese be programmed as wdl as

randomdag inputin page node. Afer the daa

executed by writing 11h camand (dummy conmand) and then 80h comand as well as Multi Bank Page

Program

input programand addresdAt inputto nextbank &

Programoperaion o severabanks speéied aubmaticaly is execugd simultaneousy by writing 10h

command (progranstart conmand) afer the co

npletion of da&inputto the final bank.

Address ofhe randondat can be seih everypage for prograrfreely.

tDBSY

L]

togsy

R/B
column J page N column J’
N~ TN
no  CeonXcanXcazXRATXRAZY < D )i <85 XCATKCAZY < Dy )< D X 111)——(B)
(1) Banko
RB (A)

column K page P

N —
V0 (B)<gonXcat){cazXRATXRAZ~ D)

@)

C
L
column K
—
(D)~ XcAnX oAz~ D (u X11h)——(D)

Bank1

tDBSY

RB (C)

column L page Q

[ — N N —
110 (P 8onXcAXCAZXRATXRAZ~ D )

3)

E
L
column L’
f—
{Du )5 XA cAZ <P )i X 11 )»——(F)

Bank2

tF’ROG

RB (E)

column M

N
/0 (Fr<eon)XcatXcazXRATXRA—~0n )

page R

Bank 0

LI
column M’
—

(5)
Bank3

Bank 2

ARSI
Page N

Memory array Program P 5
N ogram| () £ rogram  (5) & |
Dataregister [ 0— o— | [o— o—+ ]| [[o—r o—+] [&—ro—r |
column J column J’ column K column K’ column L column L’ column M column M’
M 2 ®) “4)
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Cache Program

Cache prograroperation enables to use the datastegiof the bank which do not program the cache
register.

The prograndat for nextpage address transferré to Flash nemory from exiernal dat buffer byusing

the cache register while progrenimg the prinary data.

Setp for progranstarts after writing 15h cormand following 80h cormand and progranaddresslat
transfer.

After thatthe devce kin the Busy state. The datregister of he bank whth do notprogramis cleared
when progranoperation inside the device starts arehtit is ready to receive the data of next page
address.

In this case nexpage addressumt be dfferentpage address ohe bank wih one wheh prograns just
before.

It is prohibited to prograrthe data to pageddress in sambank consecutively using cache program
Next page address for prograhout spedy one n differentbank.

The da& of nextpage address can larisferredo Flash nemory by writing 80h command as welas he
dattransfer of helstpage address aniaen 15h cormand (prograndunmmy conmand) inputis requred
after programaddress/data input. bfecones Busy state until the programperation to the 1st page address
completes and the data of data register is clealethe programoperaton o the 1stpage address does not
complete, it kecanes Busy state util the dita o data redster exep for one of the bank which prograns

next

70h conmand is issued to find out the status in captegramoperation after Ready/Busy beocesReady.
The True Ready/Busy status (I/GB)cache prograrbecongs busy wherCPU is active and shows that the
internal programoperaiton is in the process. The TrueeRdyBusy status (1/06) shoudl be veriied b find
outthe progranconpletion if 15h conmand is used for lhe last progranming. Resetoperaiton is requred

by writing FFh when programperaion conpletes ushg 15h cormand and noves b the oter operabn
except for cache progranReset operation is notqared if 10h cormand (progranstart conrmand) is

used for he last progranming.

_ t t t
RB CBSY casv CBSY __(p)

o0 @@ «m@ @D m@ XD

@) 2nd page 3rd page
(%)

1) 1st page

t(:st tCBSY ‘CPROG

R/B (Ay

10 @@ 1)) @@ A, @@ @) @@

(M-1) th page M th page (M+1) th page
(7) ®)

Bank 0 Bank 1 Bank 2 Bank 3
Page Q

Page P Page R

Page N
Program (2)

Memory Array
~

' Program T(4) N ~  Program (6) 9 ProgramT (8)
{ : ] [ ] [ ‘ |
©) (5) @)

Data Register % ]
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2page Cache Program

2 page cache prograoperation is available usirgpth Multi Bank Progranand Cache Prograoperation.
It enables to input the progragiata for the ddress of next bank conséieely by writing 11h command
(durmmy command) following 80h cormand and progranaddresslatinput Setip for progranstarts by
writing 15h command afer dag inputand hen he devce sin the Busy state (kgsy). The dadregisters of
two banks wtih do notprogramare ceared when prograwperaiton inside he devce sartsand hen t is
ready to receive the data of next two page address.

In this case nextwo page addressust be dfferent page address dfi¢ bank wih ones whth prograns

just before.

RiE toesy teesy toesy teasy @)
Address) Address) Address) ’Address!
110 p
DAY A D ANy 4 e Coa G s TNy AU Ay A E A
1st page 2nd page 3rd page 4th page
(1) ) (3) 4) (5) (6)
_ tDBSY tCBSY tDBSY tCPROG
R/B (A)
o e T 5 - - -
(M-1)th page M th page (M+1)th page (M+2) th page
Bank 0 Bank 1 Bank 2
KD Page Q
Memory array rogram KRR
6
T T Program( ) T |
Data register I I | I I
M 4) (5)
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Copy Back Program

Copy Back Progranoperaiton enalds to copythe daa to differentpage address of sarhank wthout
taking it to external data regster. Tle cata trarsfer tothe deta regster is startetb copy memory array dta
of 1 page address ving 35h cormand following 00h comrmand and addressputwith 4 cycles. Then
copy of the daa is started by writing 10h cormand following 85h command and address thi 4 cycles for
postcopy. Address for postopy must be dosen page address wihihas erased (FFh).

o\ /\ N N\
= \AAAMAA AAAAAAD

RV AVAVAVAV AV R VAV AVAVAVARV IRV
we /)

RE
Column  Page Column  Page \_/
address J address M address K address N
" —{oonHentieagpatirad-asn———{ssnH{cafioadiaflag-{on——{ron}—Gau
B trroG
R/B
M @)
Bank 0 Bank 1 Bank 2 Bank 3
[ 77777777 777777777
Memory array Page M S R R R =R R
R Q)] R

Data register [[IIIIITIITITIIIIIT | | |

Bank 0 Bank 1 Bank 2 Bank 3

=R =R

Memory array Page N R R OR R R R
[ 77777777 777777777
Program  (2)
i

Data register [IIIIIIITTITIITIITN | | |

Note: 1. Postcopyaddress mstbe spedied onem sane bank.
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Copy Back Program with Random Data Input In a Page

Source copylag which has tansferredd the daa register can be upded when copyback program
operaton is execugd.

Memory arraydat which has sken outto the dat register is updaed to the inputdat after storing source
copy datto the dataregister and mputing the daia following 85h comrmand and 4 addreseputwith 4
cycles. 1 bye dat or more nustbe nputwhen randondat inputis execuéd. Programo postcopy page
addressd execuéd by writing 10h cormand afer dag input

Address for postopy must be chosepage address wth has erased (FFh).

N N N\ N
e \AAAAAMMAAAARAARN AAAAAN AAR

R VAVAVAVAVAVARVAVAVAVAVIRVAYAVIRVAVAVAVAVAVARVERRY
S A S [\

ALE
RE
Column  Page Column  Page Column -
address J address M address K address N address L
10 —{oonjCAnCARARagssn—gsrionYCARANRAHDIA o KPrHESIEANCAZHDI SO0 —ron-aus
_ 2
R/B @
M 3)
Bank 0 Bank 1 Bank 2 Bank 3
[ /777777777 77777777
Memory array Page M = R OR R R R
R (@) R

Data register [IIIIIIITIIITITIITN | | |

Bank O Bank 1 Bank 2 Bank 3

Memory array R EA S R 7 ES

Data register [/ [ n | | |
Dy (@] Dy
column K column L
Bank 0 Bank 1 Bank 2 Bank 3

Memory array Page N N

R4
d
R4
d
R4
¢
7
C
P
d
R4

7 XXX 77 7 X000 7 A
Program & (3)
:

Data register  [[AXXXNI /] XXX/ ] [ | |

Note: 1. Postcopyaddress mstbe spedied onem sane bank.
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Copy Back Program with Data Output

When copyback progranoperaiton is execuéd, it is possble o confirm the source copgat outputing
one whth has tansferredd the datiregister o external. It is possble © oufputthe source copgat after
storing it to the datiregister and nputing EOh cormand following 06h command and addressputwith 4
cycles. Progranto postcopy page address execuéd by writing 10h comrmand following 85h cormand
and postopyaddress inputvith 4 cycles afer dakoutput Address for postopy must be chosen page
address with has erased (FFh).ofy dat can beupdaed after postcopyaddress inputvith 4 cycles and
the datiinput

R/B |_| |_|
columnJ page M column J’ page M
TN N TN TN column K page N
o {oonfoniondfeadiradtasn—{ponicAnCAZRANRANEND0uy{PougHEsmiCANCAH R 0n—(ronCai)
M 2 3)
Bank 0 Bank 1 Bank 2 Bank 3

Memory array Page M NN NN N
R (M N

R4

Data register [IIIIIITIIIITIITITI ] ]
Bank 0 Bank 1 Bank 2 Bank 3

Memory array = R R E S =

Data register ] |
columnJ’ §(2)

Pout Bank 0 Bank 1 Bank 2 Bank 3

Page N
Memory array [rzzzzrrrrrrrrrrrzrz R R R ROR B
<~ Program T(3) N

T
Data register [[IIIITIITTIIITIIIIT] [ ] |

¢

Note: 1. Postcopyaddress mstbe spedied onem sane bank.
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Copy Back Program with Data Output and Random Data Input in a Page

(A)

R/B
columnJ page M |_| columnJ page M
column K page N

N N
o {oonyCaongeadiosn)—enoarieadiea)eadiEoPouy ~LouHEenealeAd YA D ®
™ @ @)

RB (A
column L |_|
T~
o (@ —{on(CANCAIDr <O ron—(onCai)
4) (5)
Bank 0 Bank 1to 3 Bank 0 Bank 1to 3
[ 77777777777 7777777
Memory array Page M| & = Memory array R R
R (1) R R R
Data register [LLIIIIIIITIIITIIIID | | Data register [N/ TT XXX/ |
S S
colugnn K Din colu21n LD
Bank 0 Bank 1to 3 ) Bank 1to 3

Memory array g ~ Memory array

R B

T
Data register m | | Data register [LIXXXXNITTIXXXXXNT] |

column J’ | (2)

P
«

Dour

Note: 1. Postcopyaddress mstbe spedied onem sane bank.
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Multi Bank Copy Back Program

Multi Bank Copy BackProgramerables toexecue cqy back programto a multiple bank simultaneously.
The datis transferredd the daa register frommemory arraysimultaneousy by writing 35h cormand
after specfying postcopyaddress consecuely. Dataread and updatcan be execatl as wdl as copy
back program

R/B |_l—(A)
page N page P page Q page R

o @@@@@ @@@@@ @@@@@ @@@@@ ()

Bank0 Bank1  Bank2 Bank3

R/B (A)

U i i i

page N’ page P’ page Q' page R’

Vo (B @@@@@@ @@@@@@ @@@@@@ @@@@@@ @%

Bank 0 Bank 1 Bank 2 Bank 3
Page Q

777 777777777777 Page R

7777777777777 77777 Page P
Page N

1) £ n ‘(1) 4 A o) 4 ‘(1)
pataregister [////////1//1///1/17}  |_1////, ///} (/114 T e (i 7/// /1171

Memory array

Bank 0 Bank 1 Bank 2 Bank 3
Page N’ 77777777777 77777 Page Q' r
Memoryarray J7777 7777777777777 Pagep’ 7 - 7 (2) PageR’
T ProgramT @ f #  Program | (2) b £ Program | (2) i LT TTTTTTTTTTT

Data register [/////// ‘//// 11114 R /T e ///)/// {11/ i ‘ T
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Data Recovery Read

Data recwery readerabes tooutput the deta itsef which is transferred frorexternal after program
completion.

It is possble o read outhe daa which is progranmed by writing EOh comrmand following 06h cormand
and read addressputwith 4 cycles. ltis also posdile o read outhe daa of anycolumn addressri sane
page address hyriting EOh cormand following 05h cormand and calmn address inputvith 2 cycles on
the wayto outputing the dag by clocking RE.

R/B I_I

columnL PageM column N
o {10m———06nXCA1XCAZXRANRAZXEON XDoup—Douy——0sMXCACAIKEONoup—Poup
P M
79 Q) 2) (3)
Memory array Program(1) Page M Memory array

pataregister  //////////////]/])  oaaregiser {//5/1//1////////]

column L ) column N (3)
Dout Dout
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Data Recovery Program

Data recoveryprogramenabés o re-progranthe progam data itself which is trarsferredfrom exterral to
differentpage address sane bank. Prograno newly speciied page address éxecugd by writing 10h
command following 85h cormand and address for re-pregming with 4 cycles as welas copyback
program Sane page address canrim chosen dumg this operaiton.

It is possible to update the resgramdata by inputting the datter specifying address for re-
progranming.

Address for re-programing rmust be chosempage address wihi has erased (FFh).

tPROG tPROG
R |
column K PageN
status
o {aom———gshXcatXcaz)RANRAZ—10n)—70n X 53 )
Page M
1) (2)
Page N
Memory array
Program Page M Memory array
R M 7 ¥ Program () T

(/11 11111111117717) (///11111111111117)

Data register Data register

Note: 1. Page Mand Page Mre dfferentpage address.

tPROG

]

tPROG

R/B _I_I

column K page N column L

) @ 3) @)

Memory arra
v aray Program Page M

R (1) R

VZZZITTTITTTTTITTT]  oeta veciser 7 NENANIRZ IR /7
Din Din
column K column L

@ (©)

Memory array

R A

Data register

Memory array

Data register

T Program T (4) 9

Page N
IXXOOXXXXY” 7~ XXX~

R

\
¢ ARKRRRRRRRRY /A0 /

Note: 1. Page Mand Page Mre dfferentpage address.

It is possble o conbine erasig the daa of the block with re-prograrming, as shown belv, in the daa

recoveryprogramoperaion.
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To program, update the data next, then erase, and then re-programming.

R/B
tPROG

10

Program1 ® *1 Program 1 data update specify a page program
R/B
tBERS tPROG

V0 —(eon >R x 2 oon) Casn X8 BB xD—C1on) W
Specify the address for Program?2 Start

® Erase (
Specify a page in the same bank re-programming (same as 1)
same as RA in setting 1. @ Program2
17 R 74|
Page M A
A Page N, N+4
[ 1 s — 1 |7 =7 S— | 77 7 — |
Erase
Program1 Program2
col.K col.L 60h—RA2-DOh
data update
80h-CA1-RA1-Data—10h 85h-CA2-RA2-10h
RAT = PageM 85h-CA2-RA2-Data-85h-CA3-Data
RA2 = PageN
CA2 = col.K
CA3 =col.L

To program, erase next, then update the data, and then re-programming.

B tPROG BERS

10 —EXEREDE I ——— G % - EDE DG
Erase
®

Program1 *1
Within the same bank
as the page specified in *1

R/B tPROG

0

® Program @ Program2 Start
Specify the address for re-programming
(in the same bank as *1)

O] ® ® @
Page M 1 “y 1
—> Page N —> —

A

Program1 Program2
Erase col.K col.L
80h-CA1-RA1-Data—10h 60h-RA2-DOh data update 1on
RA1 = PageM 85h—-CA2-RA2-Data—-85h—-CA3-Data
RA2 = PageN
CA2 = col.K
CA3 = col.L
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Program Data Input in Erase Busy

ProgramData inputin Erase Bisy enabés to programthe dat of anypage address dag busystatus in
erase operation.

It is posside toprogramthe dhta in both block erase rade and multi bank block erase rade if they are in
busy state.

There s no restiction betveen page addss for programing and bbck for erase.

It needs fis wat time afer the erase stus becoras busyto write 80h conmand for programaddress and
dat@input

It can confim the sktus bywriting 70h or 71h comand afer programdat input

The input data is possible toput in both single bank anduiti bankmode and corresponds to the data
inputmode spedying coumn addressn sane page address. iieedsad keep 4is or nore fromwriting
11h conmand to writing 80h command when the data to auftiple bank is programed. 10h cormand
(programstart conmand) nust be ssued a#tr conpletion of erase opelian.

Program data input in single bank

R/B
| taers | trroG
Row i column Row Erase Program
VO CEIX it X0t —BONX S35 X atarss <Cxd—CronX_ sz )—Cion) D i)
. Program
. T start

Wait time 1us min *

Note: 1. Status command available

Program data input with random data mode in single bank mode

=1 tF’ROG
R/B | t |
BERS
Row . column Row column Erase Program
V0 oo Gt XOOD-—(B00X coimes X cress, B~ Codes <Car—Cron e (romy—rom o)
Erase | Program
start o+ Start
g *1 1
Wait time 1us min

Note: 1. Status command available
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Program data input in multi bank program mode (In case of completing data input during busy

status)
RB teroc
| taers |
'
Row '
CRCD 7y o —
Erase ; T - ex. Bank 1 T Program
stert | | Lo Start
e *1 [l *1
Wait time 1us min Wait time 4us min

Note: 1. Status command available

Program data input in multi bank program mode (In case of not completing data input during busy
status)

tDBSY tF’ROG

R/E —l tBERS | u |_’

0 oom) Sotess }OO—B0nX it X a9 C—CBONX G300, X rs)<Ea—ConX St )Ciomy—ronX ™)

|
|
|

Erase , ex. Bank 1 Program
|
|

'
'
: Start
[l *1 *1

Wait time 1us min

Note: 1. Status command available

The correspondence when the erase error occurred iAfrogram Data Input in Erase Busy mode.

In the ProgranDaia Inputin Erase Bisy mode, afer an erase error occurratdone bbck ata two-blocks
simultaneous erase operan, a cein operaion is neeed in a particular case. In case of an erase
operaton of one bbck in the sane bank ashe error-@curred bbck, he reseconmand FFh § needed just
before, as showmiFigure 1.

Otherwise, an illegal two-blocks erase operation wikkkecuted, because the address data of two pages to
programremains.

After the one-block erase operation succeed, it is pessilprogranby specifying the address to program
again with the comand 85h, because the data topgnegranmed stored in the buffer is amtained.
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Program Data Input in Erase Busy (recommendattern when error occurred) Multi Bank Mode

R/B | 'BERS |
o —(EEADERED— EE B EE 2@ )
BlockO (Bank0), *2 Specify a page program
) Erase Block1 (Bank1) ) *1 Specify a page program Page1 (Bank1) ® @ Error only Blocko
Page0 (Bank0) (Bank0)

pBSY

R/B BERS |_, PROG

0 o WeDE2E— @ F) - EREI D — EEIEID
Specify the address (same as *1, *2)

Reset Pass again for programming @
@ address @ Block2 in BankO erase execute @
infornation
@ ® ® ®
Bank0 Bank1 Bank0 Bank1 BankO Bank1
Block1 Block1
Blocko Block FFh Block2
Block0 command = Block2 y,
Erase erase error Address P
Erase reset Erase ﬁ rogram Program
[ ] [ | [ ] [ | [ ] [ |
Data0 Data1 Data0 Data1 Data0 Datat
80h—CAO-RAO  80h—CAO-RA1 60h—RA2-D0Oh 85h—CA0-RA2  85h—CAO0-RA1
—(Data0)-11h —(Datat) (erase only block2) -11h —10h

It is not necessaryo resetby conmand FFh, whenrainsnit the writing datiin erase lick and 1 pageni
sane bank, and execetwvriting durng eraaig 1 bbckdat, or erasig error occurs and eragi anoher
block in sane bank. Bit in this case, as shown following figure, t is necessaryo speciy the address for
re-programming, afer erasng anoher bbck address.

Write address spefgiing it by command 85h athe address for re-progranmng in the sane bank, when
writing it as shownri following figure.

Program Data Input in Erase Busy (recommendattern when error occurred) Single Bank Mode

R/B | {BERS | tBERS

/0 —eon (R x 2X_Don >——80n XGA x 2X(BA < X Data)—— 700 ) COXPED,
*1 Specify a page program Another address in Same Bank
error (same as *1) erase execute input
R/B PROG

10 ~GI-(32 ) EDEDER T G-z

Specify the address (same as *1)
Pass for re-programming
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Block Erase

Erase operatn for one bbck which is consgted of 2page can be exeast One bbck is conssted of
pageN and page(N+4)

(Ex: pageO and pagepagel and pageb).

Input page address (A14 5,V in lower sde, when erase dtk addressiput

Multi Blo ck Erase

Erase operatn for one bbck in maximum 4 bank § execued simultaneousy. Any block in a bank can be
chosen. Inpupage address (A14 =Y in lower sde, when erase dtk addressiput

Page mode Erase Verify

Whether anyone page addresserased or ndt verifiedin this mode. Verification starts inerrally inside
the devce afer writing D2h command afer 60h conmand and row addresaput It can be vefied
wheher he page address €rased or nafter by writing 70h cormand (setus read command) afer it
becones ready.

Block mode Erase Verify

Whether anyone bbck is erased or nas verified in this mode. Verification starts iternally inside the
device afer writing D3h cormand afer 60h conmand and row addresaput It can be vefied wheher
the block is erased or natfter by writing 70h cormand (setus read command) afer it becones ready

Multi Bank Page mode Erase Verify

Page mde erase verify for eachgmin naximum 4bank is executedt can be verifed whether page
address in each bank is erased or not byngrifiLlh cormand (status read camand) after it becores
ready.

Multi Bank Block mode Erase Verify

Block mode erase verify for eachdak in maximum 4bank is executedt can be verified whether the
block in each bank is erasedrmt by writing 71h comnand (status readonmmand) after it becores ready.

Read ID

ID code can be read out by inputtithge address (00h) after writing 90h aoamd.
Manufacurer code (07h) and Desgé code (01hgan be read owerally by clocking RE.
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Power on Auto Read

The da& of the lowestpage address can be remad serally withoutcommand and addressput after

power B on.
Power on auto readade is activated whengd¢ reaches about 2.7V. Ilténabled only when PRE pin is

tiedto Ve
PRE pin mustbe conne&d D Vcc when usaig power on awtread and ¥swhen notusing .

After power on aud read § execuéd, resebperaion is requred byreadng outl page (2112 lg) dat or
writing FFh cormand.

Note: Please comtct Renesas Technoby's saks office before usig this mode.
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Status Read at Read mode

The conéntof status regster can be read owtriting 70h cormand (setus read command) and byclocking
RE in read operadn. The dat of memory arraycannotbe read ouéven byclocking RE since status read
mode is set after th device kecames reag. 7Fh command needs tobe writtenin case breleasig statis
read node n read operabn.

The da& of memory arraycan be read owtithout address inpu this operaiton.

CLEJ\ M /’\
S\ (W A MMM A

WE —\ /—\ M\ [\ [\ [\ [ \—/ \—/

" ARV ARVATATE
Column Page

address L address N Status data Status data Memory data
10 —oon)~{cancazxRAn(RAZ~3on)<ron)—_ X X ) =<~ )< X )
R \ / Col‘umn
address L

Operation status of status register

Operaton status can be oput by status read.

Command Output

70h Single bank operation status

71h Multi bank operation status

72h Single bank operation error status

73h Multi bank operation bank0 error status
74h Multi bank operation bankl error status
75h Multi bank operation bank?2 error status
76h Multi bank operation bank3 error status
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Status Register check flow (single bank operation)

70h Write
read status register

72h Write

read errorstatus register

oo

YES

| Read ECC check

Not 1 bit error
ECC possible

1 bit error

( Program/erase completed )

70h command status in single bank operation

status
Program/Erase Cache Program Output
110 8 Write protect Write protect Protect: O Not Protect: 1
110 7 Ready/Busy Ready/Busy Ready: 1 Busy: 0
110 6 Ready/Busy True Ready/Busy** Ready: 1 Busy: 0
/05 Not Used Not Used 0
110 4 Not Used Not Used 0
/03 Not Used Not Used 0
110 2 Not Used Pass/Fail (N-1) 0/ Pass: 0 Fail: 1 (cache program)
/101 Pass/Fall Pass/Fail (N) Pass: 0 Fail: 1
Note: 1. True Ready/Busy shows Ready/Busy status of CPU

(R/B output status is same as 1/07).
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72h command status in single bank operation

status Output
110 8 Write protect Protect: 0 Not Protect: 1
110 7 Ready/Busy Ready: 1 Busy: 0
110 6 Program/Erase ECC check Ecc available: 1 Ecc Not available: 0
/05 Erase check Pass: O Fail: 1
110 4 Program check Pass: 0 Fail: 1
/03 Not Used 0
110 2 Not Used 0
/01 Pass/Fail Pass: O Fail: 1

Status Register check flon(Multi bank program/erase)

read

71h Write
status register

Error bank check |

73-76h Write

read errorstatus register *1

o
YES
Read ECC check

Not 1 bit error
ECC possible

1 bit error
NO

Error bank check end

YES

Note:1.

73h:Bank0 error status
74h:Bank1 error status
75h:Bank2 error status
76h:Bank3 error status

( Program/erase completed >
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71h Command Status in Multi Bank Operation

status Output

110 8 Write protect Protect: 0 Not Protect: 1
110 7 Ready/Busy Ready: 1 Busy: 0

110 6 Ready/Busy Ready: 1 Busy: 0

/05 Bank3 Pass/Fail Pass: O Fail: 1

110 4 Bank2 Pass/Falil Pass: O Fail: 1

/03 Bank1 Pass/Fail Pass: O Fail: 1

110 2 Bank0 Pass/Fail Pass: O Fail: 1

/01 All Pass/Fail Pass: O Fail: 1

73h, 74h, 75h, 76h Command Status iMulti Bank Operation / Cache program /2page cache

program

status Output
110 8 Write protect Protect: 0 Not Protect: 1
110 7 Ready/Busy Ready: 1 Busy: 0
110 6 Program/Erase ECC check Ecc available: 1 Ecc Not available: 0
/105 Erase check Pass: O Fail: 1
110 4 Program check Pass: 0 Fail: 1
110 3 Not Used 0 (Don't care)
110 2 Not Used 0 (Don't care)
/101 Pass/Fail Pass: O Fail: 1
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Status Regster check fow (Cache program operaton)

Cache program YES
' pass }

1/01=0 & 1/02=0

ECC impossible

70h Write
read status register

10h

NO (Last program)

NO

I
70h Write

read status register

Next cache program

71h Write
read status register

1/02-5
check

73-76h Write
read errorstatus register

e

YES

| ECC may be possible |

Error bank NO
check end
YES

FFh Write
cache mode clear

NO

Cache program error so
substitute operation

ECC may be possibl

Read ECC check

ECC possible

Next bank

YES

Error bank operate end

YES
( Cache program end >
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Status Register(Cache progranoperaion)

The status is output by writly 70h cormand in cache program?2 page cache programperation.

I/01, 2 wheh shows pasfil and 106, 7 wheh shows RadyBusy is output OR dai of 2 page address
which prograns simultaneousy. In other words,fi either 2 page addressBusy status, 1006 or 107
outpus “0". If either 2 page addressgil/O1 or 102 ouputs “1”".

It verifies the statuwriting 70h conmand in cache programperatiorand verification ofletail error code
which page address faiin programis execuéd by writing 73h-76h command which ouput error coneént
correspondig o bank address.

It can also verify the status iting 70h in 2 page cache programperaton and if either 2 page address
which prograns simultaneousy fails with programerror, t outputs fal status. We recommend verfying
page address wing 71h cormand.

If error occurs in (N-1) page address, err@enagenent of (N-1) page (taking #hdata to replaceent page
address) address needde execudd after programconpletion of N page address.

70h command statusn Cache program /2page cache program operatin

status Output
110 8 Write protect Protect: 0 Not Protect: 1
110 7 Ready/Busy Ready: 1 Busy: 0
110 6 True ready/m*1 Ready: 1 Busy: 0
/05 Not Used 0
110 4 Not Used 0
/03 Not Used 0
110 2 Pass/Fail (N-1) Pass: 0 Fail: 1
/101 Pass/Fail (N) Pass: 0 Fail: 1

Note: 1. True Ready/Busy shows Ready/Busy status of CPU.

71h command statusn 2page cache program operatin

status Output

110 8 Write protect Protect: 0 Not Protect: 1
110 7 Ready/Busy Ready: 1 Busy: 0

110 6 Ready/Busy Ready: 1 Busy: 0

1105 Bank3 Pass/Fail (N or N-1) Pass: 0 Fail: 1

110 4 Bank2 Pass/Fail (N or N-1) Pass: O Fail: 1

1103 Bank1 Pass/Fail (N or N-1) Pass: 0 Fail: 1

110 2 Bank0 Pass/Fail (N or N-1) Pass: 0O Fail: 1

/101 Pass/Fail (N or N-1) Pass: 0 Fail: 1
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73h, 74h, 75h, 76h command status iCacheprogram / 2page cache program operatin

status Output
110 8 Write protect Protect: 0 Not Protect: 1
110 7 Ready/Busy Ready: 1 Busy: 0
110 6 Program/Erase ECC check (N or N-1) Ecc available: 1 Ecc Not available: 0
/105 Erase check (N or N-1) Pass: 0 Fail: 1
110 4 Program check (N or N-1) Pass: 0 Fail: 1
/03 Not Used 0
110 2 Pass/Fail (N-1) Pass: 0 Fail: 1
/101 Pass/Fail (N) Pass: 0 Fail: 1
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Reset operation

This device can enter standbyde interruptig each operation ede bywriting FFh conmand (reset
command) during each operation. Paadress data during prograpeation, block data during erase
operaton are noguaranéed afer conpleting resebperaion.

Reset operation in the Cache program (B = Ready, True RB = Busy)

C 15 CERRD
I/0 80h (5h ) (FFh D

R/B | [ |

RsTP

Reset operation in the Cache program (B = Ready, True RB = Busy)

C150)
110 80h QED,

R/B | [ ] |

RsTP —

s
m
]

tRsTP Min

Reset operation in the Erase Verify

o —CE>—Came> =

R/B

RSTEV

Reset operation in the Erase Verify

1/0 60h D2h/D3h

R/B

|

X0
m
(%]

tRSTEV

tRSTEV Min
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Reset operaton in the Program

I/O {80h/85h 10h/15h < FFhJ‘ { 00h )
R/B | Program busy
Program start
tRSTP
Reset operation in the Erase
I/(_) 60h { DOh ) ’\iFh h { 00h )
RIB | Erase busy
Erase start
tRSTE
Reset operation in the Read
o {oon ) 30h/31h/35h (FFn) {o0h )
R/B | Read busy
Read start
tRSTR

This device can enter deep standlydeinterrupting each opetian mode by naking RES pin low during
each operation.

Page address daduring progranoperaton, bbck data during erase operian are noguaraneed aféer
completing resebperaion.

Reset operaton in the Program

1/0 { 80h/85h 10h/15h
R/B | Program busy
Program start
RES trsTP [ 1
trsTP MiN

Note: 1. Power on sequence.
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Reset operation in the Erase

1/0 { 60h { DOh )
R/B | Erase busy
Erase start y
RES trsTE *1
trsTE Min
Note: 1. Power on sequence.
Reset operation in the Read
1/0 @ 30h/31h/35h
R/B | Read busy
Read start J
RES trRsTR *1
trsTR Min
Note: 1. Power on sequence.
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Usage forWP

WP atthe low level prohbits the erase operi@in and e progranoperaion. When usewP, use it as
follows.

Program operation

e
/0 {80h/85h ) {10h/15h )
WP
RB
tWWS tWWH

Prohibition of the Program operaton

e
/0 {80h/85h ) {10h/15h )
WP
RB
By tWWS N tWWH _
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Erase operatbn

e I—

(o ————goomnon)
I/0 60h DOh/D2h/D3h
WP
R/B

twws twwh

Prohibition of the Erase operaton

e I

(oo j—————ponmznman)
110 60h DOh/D2h/D3h
WP
R/B

twws L
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Status Transition

PRE=L

[ oeiey } B‘-’owerOn Read|

V
> Deep Standby
Power Off
PRE=H | (RES=L)

Power On &

Reset Operation

Power On Read __ Any Operation RES Reset  |Operatiop|
2nd Access State E —HoL Operation End | Deep Standby
FFH or
PKbyte Rea Status Register Read

ID Read
ﬁb{ ID Read Setup]ﬂb[Manufacture CodeJib[ Device CodeJ

Any Command Input
ID Read Operation End

Read Address Setup

WE Input (Not Status Command)
2nd Access State End

Copy Back Program Operation1 (Read)
35H

2nd Access |SRAM Read Access
State RE

> 1st A
Output st Access

disable

(CE=L) WE Input (Not Status Command)

2nd Access State End

Random Output Setup

Address
Input Setup

Random Output Operation

EOH
WE Input 2nd Access |SRAM Read Access
State2 ] RE

2nd Access State End

Deplete Recovery Operation

38H

Deplete
Recovery

Q : BUSY Status

Operation End

Rev.4.00, Jun.20.2004, page 46 of 89

Downloaded from Elcodis.com electronic components dist

RENESAS

ributor



http://elcodis.com/parts/5957449/HN29V1G91T-30.html

HN29V1G91T-30

Erase Address Setup
Erase Verify Address Setup

Address
Input Setup

Erase Operation
Erase
(Program Data
input available;

Operation End

Erase Verify Operation

D2

H
W Erase Verify

FFH
< Operation End

A

Program Address Setu|
9 P 80H / \
CE
S o 80H | Address
(Rgnd:bHy Output Input Setup
CE= )’ disable
(CE=L)

Random Data Input Setup 85H

CA1 |CA2 Dip is need .
Setup at lowest 1Cycle "

Address
Input Setup

Dummy
) RA2/CA2 | 11H| g
Copy Back Program Operation2 (Program) Setup v
Data Recovery Program Setup 85H | Data Input
State
| 85H | Address CA1 [CA2
Input Setup Setup
FFH

Program Operation
FFH

_ 10H
FFH Operation End | Program |«

Cache Program Operation

Cache Program Standby [* FFH _ 15H
True Busy State _| Operation End ‘ Program |« o

([ ):BUSY Status

m
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Absolute Maximum Ratings

Parameter Symbol Value Unit Notes
Vcc voltage Vee -0.6 to +4.6 \Y 1

Vss voltage Vss 0 \%

All input and output voltage Vin» Vout -0.6 to +4.6 \ 1,2
Operating temperature range Topr Oto +70 °C

Storage temperature range Tstg -25to +85 °C 3

Notes: 1. Relative to Vss.
2. Vip/Vou = -2.0 V for pulse width with 20ns or less.
3. Device Storage temperature before programming.

Capacitance

Parameter Symbol  Min Typ Max Unit Test conditions

Input capacitance Cin — — 6 pF Vin=0V, Ta=+25°C, f=1 MHz

Output capacitance Cout — — 10 pF Vour =0V, Ta=+25°C,f=1

MHz

Valid Block

Parameter Symbol Min Typ Max Unit

Valid Block Number BankO Nvgo 8029 — 8192 blocks
Bank1 Nve1 8029 — 8192 blocks
Bank2 Nvg2 8029 — 8192 blocks
Bank3 Nves 8029 — 8192 blocks

Spare Block

Parameter Symbol Min Typ Max Unit

Spare Block Number  BankO Nsgo 145 — — blocks
Bank1 Nsg1 145 — — blocks
Bank2 Nsg2 145 — — blocks
Bank3 Nsg3 145 — — blocks
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DC Characteristics

(Vec=27V0D3.6V, Ta=0d+70°C)

Parameter Symbol Min Typ Max Unit Test conditions

Operating Vcc voltage Vee 2.7 3.3 3.6 \Y

Operating Vcc current lect — 10 20 mMA tge =50 ns, CE =V, lout = 0 mA

(Read) lcco — 15 30 MA tge = 35 ns, CE =V, lout = 0 mA

Operating Vcc current lces — 10 20 mA Single Bank Operation

(Program) lcca — 20 30 mA Multi Bank Operation

Operating Vcc current lces — 10 20 mA Single Bank Operation

(Erase) lcce — 15 30 mA Multi Bank Operation

Standby current (TTL) lsg1 — — 1 mA CE =V
WP:VSsiOZV/VCciOZV
PRE=Vss+0.2V/Vec 202V
RES = VCC +0.2V

Standby current (CMOS) Iss2 — 10 50 WA CE=Vcc-02V,
WP:VSsiOZV/VcciOZV
PRE = VSS +0.2V/ VCC +0.2V
RES = VCC +0.2V

Deep Standby current (CMOS)  Isgs — — 5 WA RES=Vss10.2V,
WP:VSSiOZV/VcciOZV
PRE =Vss5+0.2V/ V202V

Input Leakage Current Iii — — %10 HWA V;,=0to3.6V

Output Leakage Current Iio — — 10 HA  Vip,=0to 3.6V

Input voltage Viu 2.0 — Ve +03V

Vi -0.3 — 0.8 \%
Input v%ge Viup Vee= — Vee+02V
(RES, WP, PRE) 0.2
Vi -0.2 — +0.2 \%

Output High voltage Level Vou 2.4 — — \% lon = —400 pA

Output Low voltage Level VoL — — 04 \% lor=2.1mA

Output Low Current (R/B) lol(RB) 5 8 — mA Vo =04V
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AC Characteristics

(Vec=27V0D3.6V, Ta=0d+70°C)

Test Conditions

e Inputpulse bvels: 0.402.4
e Inputrise and fdltime: 3 ns

e Inputand ouputtiming levels: 1.5V /1.5V

V

e Output load: 1TTL GATE and 50 pF (3.0 ¥ 10%)
1TTL GATE and 100 pF (3.3 ¥ 10%)

AC Timing Characteristics for Command / Address / Data Input

Parameter Symbol Min Typ Max Unit Note
CLE Setup Time tes 0 — — ns

CLE Hold Time toin 9 — — ns

CE Setup Time tes 0 — — ns

CE Hold Time ten 6 — — ns

WE Pulse Width twp 15 — — ns 1
ALE Setup Time taLs 0 — — ns

ALE Hold Time tALH — — ns

Data Setup Time tps 9 — — ns

Data Hold Time toH — — ns

Write cycle Time twe 33 — — ns

WE High Hole Time tywn 12 — — ns

CE High to WE low setup time  tcpws 5 — — ns

WE High to CE low hold time twrcn 5 — — ns

CE High to RE low setup time  tcurs 5 — — ns

RE High to CE low hold time trucH 5 — — ns

Note: 1. Iftcgis setless than 5 ns, tywp must be minimum 20 ns. Otherwise, typ is minimum 15 ns.
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AC Timing Characteristics for Operation

Parameter Symbol Min  Typ Max Unit Note

Data Transfer from Cell to Register tr — — 120 us

ALE to RE Delay (ID Read) tart 20 — — ns

ALE to RE Delay (Read cycle) tare 30 — — ns

CLE to RE Delay (Read cycle) tolr 6 — — ns

Ready to RE Low trr 20 — — ns

RE Pulse Width trp 20 — — ns

WE High to Busy twe — - 100 ns

Read cycle time tre 35 — — ns

RE Access Time treA — — 20 ns

CE Access Time tcea S — 25 ns

RE High to Output Hi-Z trrz 10 — 20 ns 1

CE High to Output Hi-Z tonz 0 — 20 ns 1

RE High Hold Time tre 10 — — ns

Output Hi-Z to RE Low tr 0 — — ns

WE High to RE Low twhR 50 — — ns

Device Resetting Time Read trsTR — — 20 us
Program trsTP — — 70 us
Erase trsTE — — 400 us
Erase Verify trsTEV — — 30 us
Device recovery  trstor — — 350 us

Power on busy Time tron — — 200 us

Ve Setup time to Reset tvrs 100 — — us

Vcc to Ready tvrDyY — — 100 us

Reset to Busy tesy — — 100 ns

WP setup time to WE High twws 15 — — ns

WP hold time to WE High twwh 5 — — ns

CE setup time to Deep standby tesp 100 — — ns

Note: 1. The time until it becomes Hi-Z depends on the earliest signal which CE and RE go to high.

Rev.4.00, Jun.20.2004, page 51 of 89

RENESAS

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5957449/HN29V1G91T-30.html

HN29V1G91T-30

Timing Waveform

Command Latch Cycle

CLE % x’:
~toLs™ —toLy—
_ tes — ~ton—>
ce XXX
twe
WE \ /
~—tas—™ —tau—
ALE JIROOAX
tos " toy ™
wox XUQOUOOOOOOAX

Address Latch Cycle

CLE

CE

ALE

1/0x

tWC

tWC

I:WC

tALS

FtWP —

7

tos

KIOAX
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Input Data Latch Cycle

o

CLE « 7[W

)

)

ALE

1/0x

Serial Access Cycle after Rea@CLE = L, WE = H, ALE = L)

tcea
ce YXOOK% (,(,
tenz*!
tREALS tREH VtREé trea
RE | (-
trp trrz
<~ triz ™!
1/Ox Dour ) Dout ——  Dour
- tRR - tRC —_— «
_ ”
R/B

Note: 1. The time until it becomes Hi-Z depends on the earliest signal which CE and RE go to high.

Rev.4.00, Jun.20.2004, page 53 of 89
RENESAS

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5957449/HN29V1G91T-30.html

HN29V1G91T-30

Invalid input cycle

CE
toHws twhcH

\
ALE
CLE
We A /
I/01 to Din
1/08 (Invalid)

K‘X‘X‘ Vi or Vi

Invalid output cycle

CE
tchRs tRHCH

ALE
CLE

I/01 to
1/08

XZX] Vi or Vi,
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Status Read Cycle

CLE E— -
tCLS tCLH
tes
CE \ W /
N /
ten
o twp
WE \ "/
u o i— tCEA > «
tCHZ
BE o typr—————»
RE \
L tRHZ
tDS tDH ‘ t tREA
L Ll [-— IR —™ |
1/Ox 70h*1 >k XXX (Status output
Note: 1. 70h: Single Bank operation Status
72h: Single Bank operation Error Status
71h: Multi Bank operation Status
73h: Multi Bank operation / BankO Error Status
74h: Multi Bank operation / Bank1 Error Status
75h: Multi Bank operation / Bank2 Error Status
76h: Multi Bank operation / Bank3 Error Status
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Read Operation

tCLR
e

ae T\ Yawiot!

tWB

<> tare
ALE % % E / \
LftR" tre triz

" VAW

tRR

(¢
27

Wox XX X oon X ca1 X ca2 X Ra1 X RA2 X 30h DoyrN —{DoyrN+1 DoyM

Column address  Row address
B N
R/B \ Busy |/
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Read Operaton (Intercepted byCE)

tCLR

CLE /_\ /_\ W

tWB

ALE :XZ / \ I tar2

Wox XX X oon X cat X caz X Rat X RA2 X 30n I e e

Column address  Row address
R/B N

\ Busy v
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Random Data Output in a Page

|
|
|
|
|
»
|
|
|

!

[
tCLR
tWHR

Column address M

*1

!
& -—
v
b X |
= f >
]
% % = 2
3 ! = |
C G
o
(32]
el >
S F
[0}
|5
>®
=13
énc
>
DK
[0}
Ols
>R
- |c
S5
>< 8
c
o
o
q r >
T -
8] N = 3 Q P

Note: 1. The head column address can be specified over and over.
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Multi Ba nk Read
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Notes: 1. A maximum 4 bank from Bank0 to Bank3 can be repeated.
2. Read out specified bank.
3. Itis repeated over and over within the same page setup.
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Page program Operaton
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Page Program Operation with Random Data Input
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(raz )—)
Row
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 cr2 X Rat1)
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(XX can)
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Serial Data
input command address

MM

CLE
R

1/0Ox
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Note: 1. ltis repeated over and over within the same page setup.
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Multi Bank Program (1/2)
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1. A maximum 4 bank from Bank0 to Bank3 can be repeated.

Note:
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Multi Bank Program (2/2)
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Multi Bank Program Operation with Random Data Input (1/2)

HN29V1G91T-30
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1. Maximum three times repeatable.
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Multi Bank Program Operation with Random Data Input (2/2)

HN29V1G91T-30

RENESAS

1. Maximum three times repeatable.
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Cache Program

command

Program
(True)

A
m fon
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U
£
A
«
I
)
son Xcan{eaziRatXRAZ)5)
Column Row Program data
address address
«
last page

*2

.

|
|
|
|
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|

Program
command
(Dummy)

m 45h

data

|
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|
|
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|
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|
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|
|
|
|
|
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|
|
I
2
vox XXeonXcar¥eazyrat(raz)3:)
Roeony(can(era)Ganeud-(ox
Column Row Program
address address
«
|
|
|
| #1

Notes: 1. There is no limitation in the number of Page address which can specify consecutively.
2. Don't specify a Page address inside the same bank consecutively.
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2 Page Cache Progran{1/2)

HN29V1G91T-30
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1. Don't specify a Page address inside the same bank consecutively.
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2 Page Cache Progran(2/2)
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Copy Back Program Operation
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Copy Back Program with Data Output (1/2)
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Copy Back Program with Data Output (2/2)
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Note: 1. Updating copy data
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Multi Bank Copy Back Program (1/3)

"

v,
YRR ERER-CEH DR e )
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88| |
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| |
_ N D S
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Notes: 1. Specifying the address of a source of copy.
2. Specifying the address of a source of copy.
3. A maximum 4 bank can be specified.
4. Read out the data of a source of copy.
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Multi Bank Copy Back Program (2/3)

<C
2
(.
)
<
P

Column
address

<
)

Program data
«
27

Row
address

Column
address

AYA"AV,

ox <D e R~ - IR - O-CD<m)

48 oy i
(@) <

Note: 1. Updating a source data which did Copy Back Read.
Specifying Page address for post-copy.
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Multi Bank Copy Back Program (3/3)
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Note:
Specifying Page address for post-copy.

1. Updating a source data which did Copy Back Read.
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Program Data Input in Erase busy
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Block Erase Operaton
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Multi Ba nk Block Erase
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Note: 1. Possible to specify maximum 4 Bank from Bank O to Bank3.

Rev.4.00, Jun.20.2004, page 77 of 89
RENESAS

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5957449/HN29V1G91T-30.html

HN29V1G91T-30

Page mode Erase Verify
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Multi Bank Page mode Erase verify
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Note: 1. Possible to specify maximum 4 Bank from Bank O to Bank3.
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Multi Bank Block mode Erase verify
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Note:

1. Possible to specify maximum 4 Bank from Bank 0 to Bank3.
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Read ID Operation

CLE / \
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tAR‘I
ALE /—XE—

" /Y

Row address trea—»
1/0x 90h 00h 07h
Read ID command Manufacturer code Device code
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Power on Auto Read
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Power on and off sequence
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(4

. tyrs 7
WP

\

CLE, ALE «
27
PRE 5
tVRS ))
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- /\‘ > « operation don t
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Deep Standby Mode
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Notes on usage

1. Prohibition of undefined command input

The conmands Isted in the command defhition can on} be usedn thisdevice. Itis prohbited to issue a
command thatis notdefined n the list. If an undefied conmand is issued, tie dat held in the devce nay
be lost.

Only the canmands defined canbe issted, in only defined timings. Otherwise, illegal operations may
occur.

2. Limitation of command input in the busy state

In the busy state, following two cenands are acceptahl Do not issue any other corand except below
two commands.

e Status read 70h, 71h, 72h, 73h, 74h, 75h, 76h
e Read comand FFh
3. Commands limitation after commands (80h, 85hare input at the first cycle of a program

After commands (80h, 85h) areputatthe first cycle of a programonly the second asle of he program
commands (10h, 11h, 15h) and resetmmand (FFh) can be used. Afta conmand 80h or 85hsinput,
the commands are proluit.

4. RB (Readybusy) pin handing

R/B is an open-drai ouput pin, and i shoutl be puled up b V¢ with a resistance (are than 2k).

5. Noteson RE signal

If the RE clock is sentbefore he addresssiinput, the internal read operadn nmay start unintenionaly.
Be sure to send tHRE clock afer the addresssiinput

If the RE clock is inputafter the dat of the last addresssread dumg te read operatn, invaid dagis
output

6. Notes on Address taking

This producttakes he address daby four cycles, andvhen five cycles or nore are mput, the address dat
since the fifth cycle becoga invalid.

7. Deep standby mode

During conmand wating or sandbystate, wherRES pin goesd low, the devie tansfersad deep sindby
state.

When RES goes 6 high, he devte retirns formthe deep stndbystte.

During conmand exectibn, gong RES low sibps conmand operabn. IfRES goes ¢ low during
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erasgprograniread operabn, he command operabn is forced b terminate and he appied page datis
not guaranted.

8. Notes on the power supply down

Please do naurn off a power supplin erase busgperaion.
It isrequred b take the following measures on sgemside for expead power down.

When he power downsrecognked b have occurr@ during erase busgperaiton, devce recoverynode
after the power on. The datn other bbcks are pracied, hough he daain the appied block is invalid,
by doing tis.

=3 Busy Busy
R/B
L LI
tore tore

o —(o){e)eREm) I )

Address input

Notes: 1. Pleasemputanyaddress for 81 and @Q\2. Inputan arbirary addressa CA1 and G\2.

2. The address input is necessary forlR#ad RA2 and RA4. Input 00h respectively.
For RA3, input04h.

3. Busy time (pre) is as folows. When te dab protectoperaton is unnecessaryend athe typ
time in normel operaiton. When te dat protectoperaion is execued, the ime of 100ns or
less is needed.

4. This prokctoperaton is paused inputFF conmand orRES = L. In case of this pause, the
protectoperaion is notguaranged.

typ max
tore 890us 100ms
RB —

o) 38h FFh

RSTDR
=350us max

RB -
e 38h t
RSTDR

=350pus max

RES —

350ps min
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9. Unusabk Block

Initially, the HN29V1G91T includes unusable blocks.eTusable blocks ust bedistinguished fronthe
usabe blocks by the systemas folows.

1. Confirmthe blocks which cannde used after ounting on the systn The following data is written
on each page of the blocks which can be used Hbck is composed of two pages, and following
data is writtenin both pages canmonly (Refer to“The Unusable Blocks Indication Flow”).

Initia | Data of Usable Pages

Column address Oh to 81Fh  820h 821h 822h 823h 824h 825h 826h to 83Fh

Data FFh 1Ch 71h C7h 1Ch 71h C7h FFh

2. Do notProgramand Eraseatthe partal invalid blocks bythe system

=
o

|
| |
| ‘ |
’ Page number = (8k + m + n) ‘

Check data *1

YES

] n=n+4 \

Bad block™ NO Check data *1

YES

|

3
[T S A vy S 2 Y
o

o

>

[

NO
m=4
YES

k=k+1

NO

k=8192

YES

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

The Unusable Blocks Indication Flow
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10.Measures for don't care in timing wavefoms for Program Data Input in Erase Busy

The iming waveforns in anymodeis specified “Don’t care”, durin@E = H oher contol signak becone
“Don't care”. WhenCE = H, specify ALE and CLE = HWE andRE = H.

11.Status read during read mode (data output)

Input the shtus node resetonmand (7Fh), whenhe devce retirns b the read mde, afér the satus read
is execuéd the satus read comand (70h), dumg the busysiatus in the read rode.

12.Status read during read mode (data output)

The nemory dat cannotbe ouput only by the RE clock, after tte trarsition from the status read ade to
the read mde bythe 7Fh, whenhe devce i setto the shtus read rade dumg te daga output, in the read
mode.

In this case, 06h comand, colmn address, pagaldress and EOh canand nust be nputto the read
operaton.

13.Status read in Multibank program mode

When execute status read during a dynibusyperiod after input comand 11h in naltibank program
judge ony ReadyBusy.
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HN29V1G91T-30

Package Dimensions

HN29V1G91T-30 (TFP-48DA)

As of January, 2003
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Base material dimension Mass (reference value) 0.52¢g
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Revision History

HN29V1G91T-30 Data Sheet

Rev. Date Contents of Modification

Page

Description

0.01 Jun. 19,2003 —

Initial issue

0.02 Oct. 06,2003 2 Add the explanation to the block replacement

7 Add the note for Power on auto Read Enable using

9 Add the Device Recovery

28 Add the two figures

31 Add the correspondence when the erase error occurred in Program Data
input in Erase Busy mode

48 Change degree of Storage Temperature range

49 Change lo. (R/BYMin8to 5

50 Add to the AC character, tchws, twhehs tehrsy tRHCH

51 Add to the AC character, twws, twwh, tcsp

88 Add the four items to the Notes on usage, No10 to 13

0.03 Nov. 28,2003 2 Change of the description of transfer rate

2 Change of Operating voltage

3 Change of the figure of Pin Arrangement

6 Change of the description of Chip Enable

10 Change of the description of Page Read

13 Change of the figure of Multi Bank Read

17 Change of the figure of Multi Bank Page Program

18 Change of the figure of Multi Bank Page Program Random Data Input in
a Page

21 Change of the figure of Copy Back Program

22 Change of the figure of Copy Back Program with Random Data Input in
a Page

26 Change of the figure of Data Recovery Read

28 Change of the figure of To program, erase next, then update the data,
and then re-programming.

31 Change of the figure of Program Data input in Erase Busy (recommend
pattern when error occurred) Multi Bank Mode

35 Change of 70h command status in single bank operation

39 Change of 71h command status in 2page cache program operation

40 Change of 73h, 74h, 75h, 76h command status in Cache program/2page
cache program operation

41 Change of the figure of Reset operation in the Cache program (R/B =
Ready, True R/B = Busy)

41 Change of the figure of Reset operation in the Erase Verify

42 Change of the figure of Reset operation in the Program

43 Change of the figure of Reset operation in the Erase

43 Change of the figure of Reset operation in the Read

49 Ise1, Ise2, Ises: Change of Test conditions

49 lo.(R/B) Typ: 10 mA to 8 mA

50 twp: Addition of Notel

51 tvrs, tesy: Change of Unit

57 Change of the figure of Read Operation (Intercepted by CE)

63 Change of the figure of Multi Bank Program (2/2)

84 Change of the figure of Deep Standby Mode

85 Notes on usage: Change of 1., 2.
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48
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1.00 Dec. 08, 2003

Deletion of Preliminary

Change of the description of Wear leveling
Tstg: 0°C/+70°C to —25°C/+125°C

Notes on usage: Change of 8.

2.00 Dec. 19, 2003

Vee: 2.7 VI3.6V103.0V/3.6V
Tstg: —25°C/+125°C to —25°C/+85°C

3.00 Jun. 03, 2004

86

Vee: 3.0V/3.6V1t027V/3.6V
tr Max (1st access time): 100us to120us
Program/Erase Characteristics
tprog Max: 1ms to 2.4ms
tcprog Max: 2ms to 4.8 ms
tcesy Max: 1000us to 2400us
teers Max: 2.4ms to 20ms
Notes on usage: Change of 8. Notes: 2., 4.
Change of description
“The address input is necessary for RA1 and RA2. Input 00h
respectively.” to “The address input is necessary for RA1 and RA2 and
RAA4. Input 00h respectively.”
“For RA3 and RA4, input 04h respectively.” to “For RAS, input 04h.”
“Before confirmation of this command, the protect operation is not
guaranteed.” to “In case of this pause, the protect operation is not
guaranteed.”

4.00 Jul. 20,2004 51

AC Characteristics
tyrs Min: 20us to 100us
tyvroy Max: 20us to 100us
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RenesaSTeChnOIOQY Corp. Sales Strategic Planning Div. Nippon Bldg., 2-6-2, Ohte-machi, Chiyoda-ku, Tokyo 100-0004, Japan

Keep safety first in your circuit designs!

1. Renesas Technology Corp. puts the maximum effort into making semiconductor products better and more reliable, but there is always the possibility that trouble
may occur with them. Trouble with semiconductors may lead to personal injury, fire or property damage.
Remember to give due consideration to safety when making your circuit designs, with appropriate measures such as (i) placement of substitutive, auxiliary
circuits, (i) use of nonflammable material or (iii) prevention against any malfunction or mishap.

Notes regarding these materials

1. These materials are intended as a reference to assist our customers in the selection of the Renesas Technology Corp. product best suited to the customer's

application; they do not convey any license under any intellectual property rights, or any other rights, belonging to Renesas Technology Corp. or a third party.

2. Renesas Technology Corp. assumes no responsibility for any damage, or infringement of any third-party's rights, originating in the use of any product data,

diagrams, charts, programs, algorithms, or circuit application examples contained in these materials.

3. All information contained in these materials, including product data, diagrams, charts, programs and algorithms represents information on products at the time of
publication of these materials, and are subject to change by Renesas Technology Corp. without notice due to product improvements or other reasons. Itis
therefore recommended that customers contact Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor for the latest product
information before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.

Renesas Technology Corp. assumes no responsibility for any damage, liability, or other loss rising from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corp. by various means, including the Renesas Technology Corp. Semiconductor
home page (http://www.renesas.com).

. When using any or all of the information contained in these materials, including product data, diagrams, charts, programs, and algorithms, please be sure to
evaluate all information as a total system before making a final decision on the applicability of the information and products. Renesas Technology Corp. assumes
no responsibility for any damage, liability or other loss resulting from the information contained herein.

. Renesas Technology Corp. semiconductors are not designed or manufactured for use in a device or system that is used under circumstances in which human life

is potentially at stake. Please contact Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor when considering the use of a

product contained herein for any specific purposes, such as apparatus or systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater

use.

The prior written approval of Renesas Technology Corp. is necessary to reprint or reproduce in whole or in part these materials.

If these products or technologies are subject to the Japanese export control restrictions, they must be exported under a license from the Japanese government and

cannot be imported into a country other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the country of destination is prohibited.

. Please contact Renesas Technology Corp. for further details on these materials or the products contained therein.
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450 Holger Way, San Jose, CA 95134-1368, U.S.A
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Renesas Technology Europe Limited.
Dukes Meadow, Millboard Road, Bourne End, Buckinghamshire, SL8 5FH, United Kingdom
Tel: <44> (1628) 585 100, Fax: <44> (1628) 585 900

Renesas Technology Europe GmbH
Dornacher Str. 3, D-85622 Feldkirchen, Germany
Tel: <49> (89) 380 70 0, Fax: <49> (89) 929 30 11

Renesas Technology Hong Kong Ltd.
7/F., North Tower, World Finance Centre, Harbour City, Canton Road, Hong Kong
Tel: <852> 2265-6688, Fax: <852> 2375-6836

Renesas Technology Taiwan Co., Ltd.
FL 10, #99, Fu-Hsing N. Rd., Taipei, Taiwan
Tel: <886> (2) 2715-2888, Fax: <886> (2) 2713-2999

Renesas Technology (Shanghai) Co., Ltd.
26/F., Ruijin Building, No.205 Maoming Road (S), Shanghai 200020, China
Tel: <86> (21) 6472-1001, Fax: <86> (21) 6415-2952

Renesas Technology Singapore Pte. Ltd.
1, Harbour Front Avenue, #06-10, Keppel Bay Tower, Singapore 098632
Tel: <65> 6213-0200, Fax: <65> 6278-8001
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