Preliminary Specifications

s AMYO 8Mbit (512K x16-bit / 1024 x8-bit) Flash memory
LE28FW8203

Description

The LE28FW8203 (hereinafter referred to as ‘this device') is a flash memory that consists of 8,388,608bits(524,288Words x 16bits) and
it can erase and program due to a 3V-single supply voltage. This device features erase suspend/resume functions with which the device can
suspend and resume erase.  During erase is suspended, this device can read or program the cells not to be erased.  The erase unit is
basically 32,768 Words/65,536 Bytes, but erase in a smaller unit, which is 2,048 Words/4,096 Bytes (a small sector), is also possible.
Moreover, this device supports the chip batch erase operation that erases a chip entirely and the multiple sector batch erase operation that
selects multiple sectors to erase them at atime.

Features
W Power supply voltage: 2.7V ~ 3.6V
W Accesstime: Random access: 70ns (Max.)
W HardwarelD entry

SDP command entry and A9 High voltage entry.

ID read entry by applying high voltage to A9 is possible as well as the same entry by a command input.
W Power consumption

Operation mode (readout): 25 mA (Max.)

Standby mode: 10 pA (Max.)
M Detection of program/erase end

Device status can be determined by Hardware Sequence Flag (Toggle bit/ Data polling) and RY/BY #.

M Erase unit

Sector: 32K Words/64K Bytes (Sector volume of the boot sector is different.)

Small sector: 2K Words/4K Byte

Chip: al the memory cells
W Package

48-pin TSOP (12 mm x 20 mm) Type | Normal bend

48-ball FBGA (6 mm x 8 mm)
M Sector protection: Program/erase can be prohibited in unit of sector in a given range.
W Multiple sector batch erase

After specifying multiple sectors to be erased, all the selected sectors can be erased at atime altogether.
MW Security Sector range

2K Word/4K Byte Security sector range are available in total except for the memory cell range
W Reliability: W/E endurance: over 10K cycles (Typ. 100K cycles), Dataretention period: over 10 years
M Product Combination

Part Number Boot Package
LE28FW8203T-70T Top TSOP438
LE28FW8203T-70B Bottom TSOP438
LE28FW8203F-70T Top FBGA48
LE28FW8203F-70B Bottom FBGA48

*This device incorporate technology licensed from Silicon Storage Technology, Inc. The SuperFlash is registered trademarks of Silicon
Storage Technology, Inc. This preliminary specification is subject to change without notice.

SANYO Electric Co., Ltd. Semiconductor Business Headquarters

1-1, 1 Chome, Sakata, Oizumi-machi, Ora-gun, GUNMA, 370-0596 JAPAN
Revision 1.00-June 11, 2004-AY/ay-1/36



Preliminary Specifications

8M-Bit Flash Memory
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Preliminary Specifications

Table 1: Pin descriptions

Symbol 110 Function
A18~A0 nout Pins for address input. These address values are latched inside the device during awrite cycle.
npu
A-1 High voltage (VID) is applied to A9 when “sector protection 1” is carried out.
WE# Input This pin enables write operation.  It's active, when WE# = Low level.
This pin enables output buffers. It's active, when OE# = Low level.
OE# Input . . . . . . .
High voltage (VID) is applied to this pin when “sector protection 1” is carried out.
This pin enables the device. It's active, when CE# = Low level.
CE# Input ) .
It'sin a standby mode, when CE# = High level.
This pin resets the device and sets it into a readout mode.
RESET# Input o o
The deviceisreset, when “RESET# = Low” isinput.
BYTE# Input This pin switches between Word mode and Byte mode.
RY/BY# Output Ready/Busy output
DQIS/A-L Data output and input pins. While the device is in a read operation, these pins function as output
Q14 D;QO Input / Output | pins. During awrite cycle, these pins function as input pins and are latched inside. When OE or
CE# is set to high, DQ shifts to High impedance.
Voo Power supply | This pin supplies 3.0 V-power voltage (2.7V ~ 3.6V) .
Vss Ground This pin suppliesOV.
NC No connection

Table 2: Pin Input / Output for Each Operation Mode

Operation CE#|OE#| WE# | AO | AL | A2 | AB | AAd | A5 | A6 | A7 | A9 DQ15 ~ 0 RESET#
Manufacturer Code @ Vie [ Vi | Vin | Ve | Vie | Ve | Vie | Vi | Ve | Ve | Ve [ Vie® (0062h) Vin
Device Code @ Vie | Vi Vin Vie | Vi | Vie | Vi | Vi | Ve | Ve | Ve | Vie® (002Dh) Vin
Read Vie | Vi Vin AO | A1 | A2 | A3 | A4 | A5 | A6 | A7 | A9 Dout Vin
Standby Viu X X X X X X X X X X X High-Z ViH
OUtpUt Disable X Vi1 ViH ngh—Z ViH
Write (Erase/Program) Vie | Viu Vi A0 | A1 | A2 | A3 | AAd | A5 | A6 | A7 | A9 Din Vin
Write Disable X Vi X AO | A1 | A2 | A3 | A4 | A5 | A6 | A7 | A9 Dout Vin

X X Vin AO [ A1 | A2 | A3 | A4 | A5 | A6 | A7 | A9 | High-Z / Dour Vix

. . " Low .

Sector Protection 1% Vi | Vig® Vie | Vik | X X | X X | Ve | X |V X Vin
©
Pulse

Readout of Sector Protection .

o Vi [ Ve | Viw [ Ve [ Ve | X | X | X | X [ Vv | X |V®| (Table 3) Vi
Information®®
Sector protection suspend X X X X X X X X X X X X X Vip®
Hardware Reset X X X X X X X X X X X X High-Z Vi

(1) Reading a device code and a manufacturer code, protecting sectors, reading sector protection information and suspending sector protection can also be
done by command input. Refer to Table 3 Software Command Sequence for those operations by command input.

(2) “X” inthistableindicatesV, or Vu.

(3) 100s- low pulses. Refer to Figure 23

(4) Vipindicates High voltage.

SANYO Electric Co., Ltd.
3/36




8M-Bit Flash Memory

Preliminary Specifications

Basic Function Description
Refer to the following descriptions, and timing diagrams or algorithms specified in descriptions of each item.

(1) Read Operation

For data readout, both CE# and OE# should be set to a low level. |f CE# is set to a high level, the chip gets deselected. OE#
functions as a gate to determine whether inner output should be sent to outside.  If it is set to ahigh level, it prohibits output and the output
pins turn to a high impedance state. For the details, refer to the Readout Timing Chart (Figure 3).

This device has a self-power save function, with which the device automatically turns to a standby status if address input doesn’t change
for more than 150ns during normal cell readout. Consequently |pp becomes 2uA (typ). Due to this function, the I pp value during readout
changesto 1mA / MHz (typ) that corresponds to an operation frequency. Once an address or any input of a control pin has changed, the self-
power save isautomatically cleared. This self-power save function doesn’t lead to alonger access time.

(2) ID read operation

ID read operation reads ID code (manufacturer code and device code). With this function, the device can be identified from outside.
This operation is used, for example, to automatically set a program sequence for programming with a PROM writer. Two ways of 1D code
readout are available in thisdevice. The contents of the code to be read compile with | D codetable (Table4). The readout timing is the
same as that of memory cell readout.

-a Hardware ID Read Operation

The hardware 1D read operation reads 1D code by applying high voltage to A9. (Vip). Typicdly, this is used when PROM writer
executes ID code readout. From the lower address of 00h and 01h, a manufacturer code and a device code are read respectively. By
canceling the high voltage in A9, the read operation is restored. For the input waveform at the hardware 1D readout, refer to the Hardware
ID read timing chart (Figure 12).

-b _Software ID read operation

The software ID read operation reads the device code without applying high voltage to a chip. Since ID code can be read without
applying high voltage to the address bus, this is effective to identify the device incorporated in the set. To execute the software ID read,
command input of 4-bus cycleisrequired. In the 4th bus cycle, input 00h or O1h to the lower address. From the addresses of 00h and 01h,
the manufacturer code and the device code are read respectively. To clear the Software ID read operation, the reset command must be
input. For the waveform at the software ID read, refer to the Software ID read timing chart (Figure 13-a). To clear the software ID
read mode and to read regular cells, Reset Operation ((5)-a, (5)-b) must be executed. The software ID read operation can not be executed
when the device is set to the (3)-b Fast Program Mode or (10) Security Sector Mode.

Table4:1D code
Type BYTE# A7 ~ AO A-1 Code (HEX)
H X 0062h
Manufacturer code 00h
L L 62h
Top Boot
. H X 002Dh
Device Code 01h
L L 2Dh
H X 0062h
Manufacturer code 00h
L L 62h
Bottom Boot
. H X 002Eh
Device Code 01h
L L 2Eh

-c Common Flash Interface

This device contains the CFl information to describe the characteristics of the device. To execute the CFl Entry, command input of
only 1-buscycleisrequired. Once the device enters the CFl Query mode, the system can read CFl data at the addresses given in Table 10-
ato 10-d. For the waveform at the CFI, refer to the CEl Mode Enrry timing chart (Figure 13-b). To clear the CH mode and to read
regular cells, Reset Operation ((5)-a, (5)-b) must be executed. The CFl operation can not be executed when the device is set to the (3)-b
Fast Program Mode or (10) Security Sector M ode.

SANYO Electric Co., Ltd.
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8M-Bit Flash Memory

Table 3-a: Software Command Sequence (BY TE#=H Word Mode)

Command Sequence VS:tSe 1% Bus 2" Bus 39 Bus 4" Bus 5" Bus 6" Bus
Cycle | address| data |address| data |address| data | address| data | address| data | address| data
Read/Reset A** 1 XXXh | Fon | RA® | RD®
Read/Reset B** 3 555h | AAh | 2AAh | 55h 555h Foh | RA® | RD®
ID Read 3 555h | AAh | 2AAh [ 55h | 555h | 9o0h IA® IDY
Program 4 555h | AAh | 2AAh | 55h 555h | Aoh | PA® [ PD®
Chip Erase 6 555h | AAh | 2AAh | 55h | 555h | 80h | 555h | AAh | 2AAh | 55h | 555h | 10h
Sector Erase 6 555h | AAh | 2AAh | 55h | 555h [ 80h | 555h | AAh | 2AAh | 55h | SA® | 30h
Small Sector Erase 6 555h | AAh | 2AAh | 55h | 555h | 80h | 555h | AAh | 2AAh | 55h [ sA2® | 70h
Erase Suspend 1 XXXh | BOh
Erase Resume 1 XXXh 30h
Sector Protection*** 3 XXXh | 60h | SPA® [ 60h | SPA® | 40h | SPA® | SPD™
Sector Suspend 4 555h [ AAh | 2AAh | 55h | 555h | EOh | XXXh| 01h
Reset of Sector Suspend 4 555h | AAh | 2AAh | 55h | 555h | EOh | XXXh| 00h
Read of Sector Protection
Suspendie ot 3 555h | AAh | 2AAh | 55h | 555h | 9oh | TA® | TD®
Read of Sector
Brotection Informetion 3 555h | AAh [ 2AAh | 55h | 555h | 90h | SPA® | SPD®?
Fast Program Set 3 555h | AAh | 2AAh | 55h | 555h | 20h
Fast Program 2 XXXh | Ach | PA® | PD®
Fast Program Reset 2 | XXXh| 90h | XXXh Fon
00h
Security Sector Entry 3 555h AAh | 2AAh 55h 555h 88h
Security Sector Program 4 555h | AAh | 2AAh | 55h 555h | Aoh | PA® | PD®
Security Sector Erase 6 555h | AAh | 2AAh | 55h | 555h | 80h | 555h | AAh | 2AAh | 55h [SHRAO| 30h
Security Sector Reset 4 555h | AAh | 2AAh | 55h | 555h | 90h | XXXh| 0Oh
CFI Entry 1 555h | 98h

note:

* Valid address pins for inputting command codes are A10 ~ AO. The least significant address is AO, and the valid DQs are DQ7 ~ DQO.
* Addressed and data are shown in hexadecimal.
* XXXh indicates a discretionary address.
** Two kinds of read/reset command function are identical, and the both set the device to the readout mode.
*** To protect a sector by Software Command Sequence, RESET# must be set to V,p during command input.

Brevity code descriptions of Address/Data

(1) RA: read address

(2) RD: output data of readout

(3) 1A ID read address (A7, AB, A5, A4, A3, A2, Al, AD)

(4) ID: ID code output (Manufacturer code = 0062h Device Code = 002Dh (Top Boot), 002Eh (Bottom Boot))

(5) PA: program address

(6) PD: program input data
(7) SA: sector address (A18, Al7, A16, Al5, Al4, Al3, Al2)
(8) SA2: small sector address (A18, Al7, A16, A15, Al4, Al13, Al12, All)

(9) SPA: sector protection address (A18, Al7, A16, A15, Al4, A13, A12, A6, Al, A0)
(10) SPD: readout data of sector protection status

(11) TA: readout address of sector protection suspended status (A6, Al, AQ)

(12) TD: readout data of sector protection suspended status

SANYO Electric Co., Ltd.
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Table 3-b: Software Command Sequence (BY TE# =L Byte M ode)

Command Sequence vs:tse 1% Bus 2" Bus 39 Bus 4" Bus 5" Bus 6" Bus
Cycle |address| data |address| data |address| data | address| data |address| data | address| data
Read/Reset A** 1 XXXh | FOh RA® | RD®
Read/Reset B** 3 AAAh [ AAh | 555h 55h | AAAh | FOh RA® | RD®
ID Read 3 AAAh | AAh | 555h 55h | AAAh | 90h IA® ID®W
Program 4 AAAh | AAh | 555h 55h | AAAh | Aoh | PA® | pPD®
Chip Erase 6 AAAh | AAh | 555h 55h | AAAh| 80h | AAAh| AAh | 555h 55h | AAAh | 10h
Sector Erase 6 AAAh | AAh | 555h 55h | AAAh| 80h | AAAh| AAh | 555h 55h SI\Y 30h
Small Sector Erase 6 AAAh | AAh | 555h 55h | AAAh| 80h | AAAh| AAh | 555h 55h | SA2® | 70h
Erase Suspend 1 XXXh | BOh
Erase Resume 1 XXXh 30h
Sector Protection*** 3 XXXh| 60h | SPA® | 60h | SPA® | 40h | SPA® | spDU?
Sector Protection
4 AAAh | AAh | 555h 55h | AAAh | EOh | XXXh | o01h
Suspend
Reset of Sector
] 4 AAAh | AAh | 555h 55h | AAAh | EOh | XXXh | o0o0h
Protection Suspend
Read of Sector Protection
3 AAAh | AAh | 555h 55h | AAAh| 90h | TA® | TD®2
Suspended Status
Read of Sector
] ) 3 AAAh | AAh | 555h | 55h [ AAAh | 90h | SPA® | spD®
Protection Information
Fast Program Set 3 AAAh | AAh | 555h 55h | AAAh | 20h
Fast Program 2 XXXh | Ach | PA® | PD®
Foh
Fast Program Reset 2 XXXh 90h XXXh ooh
Security Sector Entry 3 AAAh | AAh 555h 55h | AAAh | 88h
Security Sector Program 4 AAAh | AAh | 555h [ 55h | AAAh| AOh | PA® | PD®
Security Sector Erase 6 AAAh | AAh | 555h 55h | AAAh | 80oh | AAAh | AAh | 555h 55h [SHRAU’| 30h
Security Sector Reset 4 AAAh | AAh | 555h 55h | AAAh | 90h | XXXh | ooh
CFl Entry 1 AAAh | 98h

note:

* Valid address pins for inputting command codes are A10 ~ A0 and A-1. The least significant address is A-1, and the valid DQs are

DQ7 ~ DQO.

* Address and data are shown in hexadecimal.
* XXXh indicates a discretionary address.
** Two kinds of read/reset command function are identical, and the both set the device to the readout mode.
*** To protect a sector by Software Command Sequence, RESET# must be set to V|p during command input.

Brevity code descriptions of Address/Data

(1) RA: read address

(2) RD: output data of readout

(3 IA: ID read address (A7, A6, A5, A4, A3, A2, Al, AO)
(4 ID: ID code output (Manufacturer code = 62h, Device Code = 2Dh (Top Boot), 2Eh (Bottom Boot))
(5) PA: program address

(6) PD: program input data
(7)  SA: sector address (A18, Al7, A16, Al5, Al4, Al3, Al2)

(8) SA2: small sector address (A18, Al7, Al16, A15, Al4, Al13, Al12, All)

(9) SPA: sector protection address (A18, Al7, A16, A15, Al4, Al3, A12, A6, Al A0)

(10) SPD: readout data of sector protection status

(11) TA: readout address of sector protection suspended status (A6, Al, AQ)
(12) TD: readout data of sector protection suspended status

SANYO Electric Co., Ltd.
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(3) Program Operation
The program operation rewrites a target memory from '1’ datato 'O’ data. In this device, programming can be executed in units of
word (16bits) or byte (8bits).

-a Word(Byte) Program Operation

This device can execute the program operation in units of word (16bits) or byte (8bits). This operation is called as the word (byte)
program operation. This operation is done by setting OE# to a high level and inputting the word (byte) program command that consists of
4 bus cycles. Asthe word (byte) program is executed only to the memory cells in the erase status, the target sectors for the word (byte)
program must be erased in advance. The target program address is set in units of word (byte). The address is latched into the memory at
falling edge of WE# and the program data is latched at rising edge of WE#. As for the input waveform at the word (byte) program, the
contents of input command and outline of the word (byte) program operation, refer to the Word(byte) Program Timing Chart (Figure 6),
the Softwar e Command Seguence (Table 3) and the Word(byte) Program Algorithm (Figure 18) respectively.

To simplify the descriptions, this spec only explains the way of controlling by the rising and the faling edge of WE#. However, the
rising and the falling edge of CE# can also realize the same operation.

-b Fast Word(Byte) Program Operation

This device has a function of fast word (byte) program, aside from a programming method that inputs 4-bus command in units of word
(byte) (-a Word(Byte) Program Operation). This function omits the first 2 bus cycles in the program so that the program could be
finished within two command cycles. Inputting a fast program set command that consists of 4 bus cycles, this device enters the fast word
(byte) program operation mode. As a result, the rest of program can be done within 2 bus cycles. As for the command to set the fast word
(byte) program and the outline of the operation flow, refer to the Software Command Sequence (Table 3) and the Fast Word(byte)
Program Algorithm (Figure 19) respectively. The fast word (byte) program can be canceled either by inputting the fast program reset
command listed in the Software Command Seguence Table (Table 3), by executing the Har dware Reset ((5) -a) or by providing power

again.

(4) Erase Operation

The erase operation rewrites the data from 0 to 1. Three kinds of word unit for erase are available. The first one is a chip erase
operation that erases entire memory of achip. The second one is a sector erase operation that erases in units of 32K Word/64K Byte (As
for a boot sector, the erase unit would be either of 4K Word /8K Byte, 8K Word/16K Byte, or 16K Word/32 K Byte, based on a sector
address listed in Sector Address Table(table 9).). The third one is a small sector erase operation that can erase in units of 2K Word/4K
Byte. To execute each erase operation, it is required to set OE# to a high level and to input the SDP erase command that consists of six bus
cycles. For details of input at the erase operation, refer to the three kinds of Erase Timing Charts (Figure 7, Figure 8, and Figure 9) and
the Softwar e Command Seguence (Table 3).

-a Chip Erase Operation

The chip erase operation rewrites the entire data of the flash memory to 1 data, and it starts by inputting of the SDP command sequence
of 6 buscycles. After the command sequenceisinput, erase is automatically carried out in units of sector within the device.  When all the
sectors are erased, the operation terminates. For details, refer to the Chip Erase Timing Chart (Figure 7), the Software Command
Sequence (Table 3) and the Erase Algorithms (Figure 20). This chip erase operation requires no advance programming by users. Thus,
the erase time is given by the expression Chip Erase Time = Sector Erase Time x Sector Count.

-b_Sector Erase / Multiple Sector Batch Erase Operation

The sector erase operation rewrites data in a given sector (32K Word/64K Byte) or boot sector range to 1. A certain address of the
sector addresses from SAO to SA18 listed in the Sector Address Table (Table 9) is rewritten. The erase operation is automatically
executed to a designated sector within the device, which starts by inputting the SDP command sequence of 6 buscycles. For details,
refer to the Sector Erase Timing Chart (Figure 8-a), Software Command Sequence (Table 3) and the Erase Algorithms (Figure 20).
The Multiple Sector Erase erases multiple sectors simultaneously by repeating the final bus cycle of the sector erase command to input
each sector address and the final bus command (30h).  For this function, the bus cycle must be repeatedly input during the sector erase hold
time (tSEDH).  When any command except for the sector erase command (30h) or erase suspend command (BOh) is input during the sector
erase hold time, the device resets inner command registers and is set to the read mode. For details, refer to Multi-Sector Erase Timing
Chart (Figure 8-b). In this case, the erase time is calculated by the expression Multiple Sector Batch Erase Time = Sector Erase Time x the
number of erase sectors.

Same as Chip Erase (-a), the sector erase /multiple sector batch erase requires no advance programming for the target sector by users.

SANYO Electric Co., Ltd.
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-c_Small Sector Erase Operation

The small sector erase operation rewrites data in a given small sector (2K Word/4K Byte) to 1.  Each sector from SAQ to SA18 listed in
the Sector Address Table (Table 9) isfrom 4k to 32K Words /64K Bytesin size. However, the small erase operation can erase in units of
2K Word /4K Byte regardless of these sector allocation. The way to start by inputting the SDP command sequence of 6 bus cyclesis the
same as that of the sector erase operation, but the final bus commands are not identical. It isimpossible to erase multiple small sectors at a
time. For details of the input at the small sector erase operation, refer to the Small Sector Erase Timing Chart (Figure 9), the Software
Command Sequence (Table 3) and the Erase Algorithms (Figure 20). The small sector erase also requires no advance programming for
the target sector.

(5 Reset Operation
The reset operation is available in this device to recover from an abortive end of an automatic operation or to initialize the read mode.
There are two kinds of reset operation: the hardware reset and the read reset.

-a__Hardware Reset

This device can reset its function by setting RESET#to alow level. To complete the hardware reset, RESET# must be kept low at |east
during the tRP time. While RESET# isin a low level, dl of DQ are in the high impedance state. Concerning the input setting at the
hardware reset, refer to the Hardware Reset Timing Chart (Figure 17). To start readout after the hardware reset, you need to set
RESET# to a high level and wait at least for the tRY time. When the hardware reset is completed, the device is set to Read mode (1)
regardless of the adjacent mode.

When the hardware reset is carried out during an automatic erase or program operation, its address data get unsettled.

-b Read Reset

This device has two kinds of read reset commands as listed in the Software Command Sequence (Table 3) to set the mode back to the
read mode, when an automatic operation ends abortively as the timing limited is exceeded ((11)-c) during its internal operation and
consequently the device getslocked. Asfor the input waveform at the reset operation, refer to the Read Reset Timing Chart (Figure 14).
The functions of these two read reset commands are identical. By executing these read reset, it is also possible to shift the ID read mode to
the readout mode of normal cells in addition to restore the device from an abortive end of an automatic operation. However, the device
cannot be set to the readout mode by suspending program or erase operation.  When the read reset is effectively done, this device is set to
theread mode. Table 5 shows the differences between -a Har dwar e Reset and -b Read Reset.

Table 5: Difference between Hardware Reset and Read Reset

Function Read Reset Hardware Reset
Termination of ID Read mode Possible Possible
Clearing of a command register Possible Possible
Unlock when an automatic operation ends abortively Possible Possible
Abortion of an automatic operation Impossible Possible
Reset of sector protection suspend Impossible Possible
Termination of readout mode of sector protection information Possible Possible
Termination of read mode of sector protection suspend Possible Possible

SANYO Electric Co., Ltd.
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(6) Erase Suspend / Resume

This device can execute erase suspend / erase resume only while the device isin the sector erase mode.  The erase suspend mode makes
it possible to suspend an erase operation, to read from the sectors that are not selected as an erase mode and to execute a program to those
sectors. The commands available in the erase suspend mode are (3)-a Word(byte) program, (3)-b Fast Word(byte) program, (2)-b
Software |D Readout, (5)-b Read Reset and Resume Command that aborts the suspend mode.

The erase suspend mode is enabled by inputting an erase suspend command listed in Software Command Sequence Table(Table.3)
while (4)-b Sector Erase/ Multiple Sector Batch Erase is being operated, which includes the sector erase hold time(tSEDH).  When the
erase suspend time (tSUSE) has passed after the erase suspend command is input, the device enters the erase suspend mode.  Whether the
device enters the erase suspend mode can be checked by the Hardwar e Sequence Flag. As for the input waveform at the erase suspend,
see Erase Suspend Timing Chart (Figure 10).

When sectors are continuously read while the erase operation is in progress, DQ6 toggles. On the other hand, when sectors that
suspend an erase operation are continuously read in the erase suspend mode, DQ2 toggles instead of DQ6. RY/BY# turns to a high
impedance state.

During the erase is suspended, (3)-a Word (byte) Program, (3)-b Fast Word(byte) Program, (2)-b Software ID Read, and (5)-b
Read Reset can be applied to the sectors not under the erase mode in the same way as usual programs. The erase operation cannot be
executed to other sectors during the erase suspend time.

To stop the erase suspend and to resume the erase operation, input an erase resume command listed in Software Command Sequence
Table (Table 3). As for the waveform at the erase resume, see Erase Resume Timing Chart (Figure 11). When the erase suspend is
executed during the erase hold time, the device enters the erase hold time (tSEDH) again if the resume command is executed and received
validly. During the erase hold time, an erase sector of M ultiple Sector Batch Erase Operation can be added. After the erase hold time,
DQ6 restart toggling and RY/BY# outputs 0. When the erasing operation is suspended and the resuming operation is received validly, the
device returns to the erase period, DQ6 restarts toggling and RY/BY # outputs O.

(7) Sector Protection
This device has a sector protection function that prohibits program and erase in units of sector. When sector protection is applied to a
certain sector, program and erase become impossible to the protected sector.  When shipped, al the sectors of this device are not protected.

-a_Sector_Protection

There are two ways available to protect sectors.  Protection 1 isto apply the high voltage to OE# and A9 to protect sectors. The flow of
execution is described in Sector Protection 1 Algorithm (figure 23). Protection 2 is to apply the high voltage Vp to RESET# and then to
input a sector protection command listed in Software Command Sequence Table (Table3). The flow of execution is described in Sector
Protection 2 Algorithm (figure 24). Whether the protection is completed can be checked by —¢ Reading of Sector Protection
Information. Beaware that this sector protection setting cannot be executed during the fast program mode.

-b_Sector Protection Suspend
There are two ways of sector protection suspend available in order to program or erase a protected sector. One is ssimply to apply the

high voltage to RESET# to suspend sector protection. The other is to input a sector protection suspend command that consists of 4 bus
cycles listed in Software Command Sequence Table (Table 3). By these functions, program and erase can be executed to a protected
sector without losing sector protection information.  Whether the device is in the sector protection suspended status or not can be checked
by Sector Protection Suspend Read. This can be executed by inputting the readout command of sector protection suspended status listed
in Software Command Sequence Table (Table 3). If the sector protection suspend is set by inputting a command, Sector Protection

Suspend Reset need to be done to get the device back to the sector protection status. For resetting, a reset command of the sector
protection suspend listed in Software Command Seguence Table (Table 3) isused. When sector protection suspend is set by inputting a
command, you need to be careful as the sector protection suspended status continues unless you reset the sector protection suspend, feed

power again, or execute Hardware Reset ((5)-a). Consequently, the program and the erase operation can be doneto any protected sector

except for the ones in a security sector area.  When sector protection is suspended by applying the high voltage to RESET#, the sector
protection suspended status is reset by canceling the high-voltage setting to RESET#.

The sector protection suspend by the sector protection suspend command is impossible, if the suspend operation is set in (3)-b Fast
Word (byte) Program mode or set in (10) Security Sector mode. Even if the sector protection suspend is set, the contents of the security
sector are retained. Therefore, it isimpossible neither to erase the data contained the security sector nor to write additional data to the same.

SANYO Electric Co., Ltd.
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-c Readout of Sector Protection Information

With the readout function of sector protection information, you can see whether a sector you are going to access is under sector
protection. There are two ways available. One is to input the readout command of sector protection information listed in Software
Command Sequence Table (Table 3). The other one is to apply the high voltage to A9. Each pin condition is indicated in Pin
Input/Output For Each Operation Mode (Table 2). The codes to be read are listed in Readout of Sector Protection |nformation
(Table6).

To cancel the readout mode of sector protection information, you need to feed power again, or execute Har dwar e Reset (5)-a or Read

Reset (5)-b.

Table 6: Readout of sector protection information

Readout contents Al18 ~ Al12 A6 A3 A2 Al A0 Code(HEX)
Readout of sector protection X . o
) ) sA® L L L H L 0O1h(protection) / 00h(non-protection)®
information
Readout of sector protection Doesn't matter

) ) ] L L L H H 01h(suspend) / 00h(non-suspend)
Suspend information (Any value will do.)

(1) Sector address to be read.
(2) The values of lower 8 bits are indicated.

(8) Hardwar e Data Protection
This device can protect sectors by the hardware and the software. Hardware data protection function protects data from being erased
accidentally or unexpected programming, and command input is not necessary.

-a Preventing Low VDD Program Erase

The function of prohibiting programming in the low VDD isto prohibit receiving commands when VDD is 1.5V or less, to stop an inner
automatic operation, and to prevent data from being rewritten. This function protects data from an unexpected program that might occur
when the power-supply voltageis low.

-b_Preventing Gritty Malfunction
To protect data from an unexpected program of the device due to gritty, a pulse below 5ns to be added to WE# is designed to be ignored.
When a gritty that exceeds 5nsis input, malfunctions might occur.

-c Preventing Malfunction When Power is Provided
When power is provided, program and erase operations are prohibited by retaining either of OE# = Vi, CE# = Vih,or WE# = ViH. Be
sure to keep this status, when you provide or cut off power.

(9) Softwar e Data Protection (SDP)

In this device, a compatible command of JEDEC-standard type is input to activate program or erase operation. In this method, all the
write operation (program/erase) requires multiple inputs of bus commands to be added to address pins and DQ. In a JDEC-standard
command, DQ input is a byte-format (8 bits from DQO to DQ7), but this device consists of Words from DQO to DQ15. When a command
isinput, the Words from DQ8 through DQ 15 are ignored.

While a command is input, which is WE# = H, loading operation of inner commands are suspended. Thus reading is possible during
this period.

When a command sequence is rejected: incorrect addresses or data are loaded for instance, the device goes back to the readout mode.
In this case, the device returns to the readout mode within tRC after the incorrect addresses or data are input.

SANYO Electric Co., Ltd.
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(10) Security Sector Range

This device has a security sector range of 2K Word/4K Byte (32K bits) on the topside apart from a memory cell range. To access the
security sector range and to read, to program, or to erase, you need to input a security sector entry command listed in Software Command
Sequence Table (Table 3) to shift the device mode to a security sector mode. To cancel the security sector mode, you need to input a
security sector reset command listed in Software Command Sequence Table (Table 3) or provide power again, or execute Hardware
Reset ((5)-a).

Readout, program, erase and protecting a security sector range are possible in the security sector mode. Inputting a security sector
program listed in Software Command Sequence Table (Table 3) and a security sector erase command, program and erase can be executed
in the same way asin ausua memory cell range. When program or sector erase are to be done, in case of Top Boot Product, the addresses
from A1l through A18 in the final bus cycle must be all set to 1. And in case of Bottom Boot Product, the addresses from A11 through
A18inthefinal buscyclemust beall setto 0. The address values are overlapped with the ones at accessing the usual memory cell.  When
a security sector entry is done, the security sector range must be internally accessed. On the contrary, when a security sector entry is not
done, the usual memory cell range must be internally accessed.

The address range that can be specified in the security sector mode is shown in Security Sector Address Table (Table7). Therange
consists of 2K Word/4K Byte on the topside, but this is treated as 1 sector, which is the unit of erase operation. Therefore, to erase the
security sector range means that al the cells within the security sector are erased.

Protecting the security sector range is done in the same way as in the usual cell except for setting RESET# to ViH instead of the high
voltage (Vip) in the security sector entry mode. However, it isimpossible to suspend protection to the security sector. In short, as far as
the security sector is concerned, once protection has been done, rewriting becomes impossible.

During the security sector mode, it is possible to read the sectors except for SA18 (in case of Bottom Boot Product SAQ). Be aware
that if you specify an address outside of the security sector range during the security sector mode and execute a security sector program and
a security sector erase, that action might affect the memory cells outside of the security sector range and the sector protection information.

Table 7: Security Sector Address Table (HRA)

Product Datawidth Address Capacity
Top Boot Word mode, when (BY TE# = H) 7F800h ~ 7FFFFh 2K Word
Byte mode, when (BYTE#=L) FFOO0h ~ FFFFFh 4K Byte
Word mode, when (BY TE# = H) 00000h ~ 007FFh 2K Word

Bottom Boot
Byte mode, when (BYTE#=L) 00000h ~ 00FFFh 4K Byte

(11) Hardwar e Sequence Flag

This device automatically executes erase and program operations. The hardware sequence flag indicates whether these automatic
operations complete correctly based on the output of the data pins. The hardware sequence flag can be read at the same level of reading
timing by lowering the CE# and OE# level during writing.  For information such as what a certain data indicates or in which pin a certain
datais output, see Hardwar e Sequence Table (Table 8).

When the hardware sequence flag indicates that automatic writing is completed, the device automatically returns to the readout mode.

Actual writing is automatically completed with itsinner timer. DATA# polling and a toggle bit occur upon completion of inner writing.
After these two occur, this device outputs a status different from the one before the writing through DQ6 and DQ7 to inform outside that
writing is completed. Reading twice the address to be written additionally can avoid rejecting the device by the false decision. The fact
that in both two cases the data read from these DQ6 or DQ7 is found valid indicates the program cycle is completed correctly. When the
datais found otherwise, that indicates the program isn’t completed correctly.

SANYO Electric Co., Ltd.
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Table 8: Hardware Sequence Flag Table

Status DQ7 DQ6 DQ5 DQ3 DQ2 RY/BY#

Automatic Automatic Program DQ7# Toggle 0 0 1 0
Operation | Erasemode | Eraseholdtime® | Selected sector® 0 Toggle 0 0 Toggle® 0
Non-selected sector® 0 Toggle 0 0 1 0
Erase operation Selected sector™ 0 Toggle 0 1 Toggle® 0
Non-selected sector® 0 Toggle 0 1 1 0

Erase suspend | Readout Selected sector @ 1 1 0 0 Toggle High-Z

mode Non-selected sector ) Data Data Data Data Data High-Z
Program Selected sector © DQ7# Toggle 0 0 Toggle 0
Non-selected sector DQ7# Toggle 0 0 1 0
Timeout Program DQ7# Toggle 1 0 1 0
Erase 0 Toggle 1 1 0
Program during erase suspend DQ7# Toggle 1 0 0

(1) When the hardware sequence flag is read in the sector to be erased.

(2) When the hardware sequence flag is read in the sector not to be erased but located in the same bank as the sector to be erased.

(3) When the hardware sequence flag is read in the sector to be erased and also under suspending.

(4 When the hardware sequence flag is read in the sector to be erased but not under suspending, and that is located in the same bank as the sector under
suspending.

(5) DQ2 doesn’t toggle at the time of the small-sector erase and Security Sector range-sector erase, and H level is output.

(6) Itisonly under the sector erase that the hardware sequence flag can be read during the erase hold time.

-a DATA# Palling (DQ7)

When you read the data (See DATA# Palling Timing Chart (Figure 15)) during an internal automatic program, the inversed data of
the one that finally executed programming is read from DQ7. When you read the data after the inner automatic program is completed, the
data that finally executed programming is read from DQ7. The output of DATA# polling becomes valid after the rising edge of WE# (or
CE#) of the final bus cycle in the automatic operation command sequence. When you read while the inner automatic erase is operating, 0
isread from DQ7. When you read after the same is completed, 1 isread from DQ7.

-b_Toggle Bit (DQ6)

When you repeat reading while this device is in automatic program status or erase status inside, DQ6 outputs O and 1 by turns. (See
Togale Bit Timing Chart (Figure 16).) When inner automatic operation is completed correctly, outputting by turns stops and this device
gets ready for accepting the next operation. The output of toggle bit becomes valid after the rising edge of WE# (or CE#) of the final bus
cycle in the automatic operation command seguence.

-c Exceeding Timing L imit (DQ5)

When you read data while a programming or erasing is internally carried out, O is output from DQ5. When erase time exceeds the
designated value, DQ5 outputs 1 regardless of the contents of cell data that correspondsto DQ5.  (Exceeding of timing limit) The fact that
DQ5 outputs 1 indicates that inner automatic operation doesn’'t end properly. Which aso indicates that a part of this device might be
defective. Once the status signal indicating exceeding of timing limit has been output, the output continues unless you provide power of
the device again, or you execute Hardware Reset ((5)-a) or Read Reset ((5)-b). Even when the inner erase is done correctly within the
designated time, DQ5 sometimes outputs 1. Thisis because DQ5 outputs the erased data. Y ou could know whether data of 1 output from
DQ5 indicates exceeding of timing limit or indicates the read data of a cell by checking whether either DATA# polling or the output signal
of the toggle bit indicates the end of writing.

SANYO Electric Co., Ltd.
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-d Sector Erase Timer (DQ3)

As shown in (4)-b, this device can erase multiple sectors simultaneously by repeating the 6™ bus cycle of the sector erase during erase
hold time. DQ3 indicates whether the device is in the erase hold status, when multiple sector batch erase is executed. When the 6" bus
cycle of the sector erase command is input and the device shifts to the erase hold status, DQ3 outputs 0 indicating that additional address
input is acceptable. When the address erase hold time is finished and the device doesn’t receive new addresses any more, 1 is output.
Then erase operation automatically starts within the device, which means new addresses cannot be accepted any more.

-e Toggle Bit 2 (DQ2)

When you repeat reading in a given sector under sector erase operation or under chip erase operation, DQ2 outputs 0 and 1 by turns.
When a sector not to be erased is selected and the sector is continuously read, DQ2 outputs 1.  Seeing the output difference of DQ2, you
could know if the sector you selected is to be erased or not. In case of small sector erase, DQ2 under erase operation doesn’t carry out
toggle.

This device has erase suspend/resume function, and you can read the device by suspending an erase operation of a certain sector.
When you carry out erase suspend to select and to continuously read a sector under an erase suspend operation (any sector selected to be
erase, in case of multiple sector batch erase), not DQ6 but DQ2 toggles. Therefore, it is possible to detect a sector under erase suspend by
using DQ2.

During erase hold time, Toggle Bit 2 doesn’t function.

When you set an erase operation to a sector protected or a boot sector protected and you read DQ2 by appointing those sectors, DO2
toggles. In this case, actual erase operation doesn’'t occur.

-f RY/BY# (ready / busy)
This device has a pin (RY/BY#) that detects the status of an internal automatic operation.  Since the structure of this pin is open drain,
it needs to be pull up to the Voo pin and or the like to use.
RY/BY# outputs O at the rising edge of WE#(CE#) that inputs a final bus cycle of an automatic operation command cycle, and
continues to output 0 when the device is under automatically operation. When the inner automatic operation is completed correctly,
RY/BY# turnsto a high impedance state. When the inner automatic operation is not completed correctly, RY/BY # outputs O continuously.

SANYO Electric Co., Ltd.
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Table 9-a: Sector Address Table (Top Boot, BY TE#=H Word mode)

Sector Al18 | A17 | A16 | A15 | Al4 | A13 | A12 Sector size (K Word) Range of address

SAO0 0 0 0 0 X X X 32 00000h ~ O7FFFh
SA1 0 0 0 1 X X X 32 08000h ~ OFFFFh
SA2 0 0 1 0 X X X 32 10000h ~ 17FFFh
SA3 0 0 1 1 X X X 32 18000h ~ 1FFFFh
SA4 0 1 0 0 X X X 32 20000h ~ 27FFFh
SA5 0 1 0 1 X X X 32 28000h ~ 2FFFFh
SA6 0 1 1 0 X X X 32 30000h ~ 37FFFh
SA7 0 1 1 1 X X X 32 38000h ~ 3FFFFh
SA8 1 0 0 0 X X X 32 40000h ~ 47FFFh
SA9 1 0 0 1 X X X 32 48000h ~ 4FFFFh
SA10 1 0 1 0 X X X 32 50000h ~ 57FFFh
SA11 1 0 1 1 X X X 32 58000h ~ 5FFFFh
SA12 1 1 0 0 X X X 32 60000h ~ 67FFFh
SA13 1 1 0 1 X X X 32 68000h ~ 6FFFFh
SA14 1 1 1 0 X X X 32 70000h ~ 77FFFh
SA15 1 1 1 1 0 X X 16 78000h ~ 7BFFFh
SA16 1 1 1 1 1 0 0 4 7C000h ~ 7CFFFh
SA17 1 1 1 1 1 0 1 4 7D000h ~ 7DFFFh
SA18 1 1 1 1 1 1 X 8 7EO0Ch ~ 7FFFFh

The address ranges from A18 to AO. The least significant address is AO.

Table 9-b: Sector Address Table (Top Boot, BY TE# = L Byte mode)

Sector Al18 | A17 | A16 | A15 | Al4 | A13 | A12 Sector size (K Byte) Range of address

SAO 0 0 0 0 X X X 64 00000h ~ OFFFFh
SAl 0 0 0 1 X X X 64 10000h ~ 1FFFFh
SA2 0 0 1 0 X X X 64 20000h ~ 2FFFFh
SA3 0 0 1 1 X X X 64 30000h ~ 3FFFFh
SA4 0 1 0 0 X X X 64 40000h ~ 4FFFFh
SAS5 0 1 0 1 X X X 64 50000h ~ 5FFFFh
SA6 0 1 1 0 X X X 64 60000h ~ 6FFFFh
SA7 0 1 1 1 X X X 64 70000h ~ 7FFFFh
SA8 1 0 0 0 X X X 64 80000h ~ 8FFFFh
SA9 1 0 0 1 X X X 64 90000h ~ 9FFFFh
SA10 1 0 1 0 X X X 64 A0000h ~ AFFFFh
SAl1l 1 0 1 1 X X X 64 B000Oh ~ BFFFFh
SA12 1 1 0 0 X X X 64 C0000h ~ CFFFFh
SA13 1 1 0 1 X X X 64 DO0000h ~ DFFFFh
SAl14 1 1 1 0 X X X 64 E0000h ~ EFFFFh
SA15 1 1 1 1 0 X X 32 FO000h ~ F7FFFh
SA16 1 1 1 1 1 0 0 8 F8000h ~ FOFFFh
SAl7 1 1 1 1 1 0 1 8 FA000h ~ FBFFFh
SA18 1 1 1 1 1 1 X 16 FCO000h ~ FFFFFh

The address ranges from A18 to AO. The least significant address is A-1.

SANYO Electric Co., Ltd.
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Table 9-c: Sector Address Table (Bottom Boot, BY TE# =H Word mode)

Sector Al18 | A17 | A16 | A15 | Al4 | A13 | A12 Sector size (K Word) Range of address

SAO0 0 0 0 0 0 0 X 8 00000h ~ O1FFFh
SA1 0 0 0 0 0 1 0 4 02000h ~ 02FFFh
SA2 0 0 0 0 0 1 1 4 03000h ~ 03FFFh
SA3 0 0 0 0 1 X X 16 04000h ~ O7FFFh
SA4 0 0 0 1 X X X 32 08000h ~ OFFFFh
SA5 0 0 1 0 X X X 32 10000h ~ 17FFFh
SA6 0 0 1 1 X X X 32 18000h ~ 1FFFFh
SA7 0 1 0 0 X X X 32 20000h ~ 27FFFh
SA8 0 1 0 1 X X X 32 28000h ~ 2FFFFh
SA9 0 1 1 0 X X X 32 30000h ~ 37FFFh
SA10 0 1 1 1 X X X 32 38000h ~ 3FFFFh
SA11 1 0 0 0 X X X 32 40000h ~ 47FFFh
SA12 1 0 0 1 X X X 32 48000h ~ 4FFFFh
SA13 1 0 1 0 X X X 32 50000h ~ 57FFFh
SA14 1 0 1 1 X X X 32 58000h ~ 5FFFFh
SA15 1 1 0 0 X X X 32 60000h ~ 67FFFh
SA16 1 1 0 1 X X X 32 68000h ~ 6FFFFh
SA17 1 1 1 0 X X X 32 70000h ~ 77FFFh
SA18 1 1 1 1 X X X 32 78000h ~ 7FFFFh

The address ranges from A18 to AO. The least significant address is AO.

Table 9-d: Sector Address Table (Bottom Boot, BY TE# = L Byte mode)

Sector Al18 | A17 | A16 | A15 | Al4 | A13 | A12 Sector size (K Byte) Range of address

SAO 0 0 0 0 0 0 X 16 00000h ~ 03FFFh
SAl 0 0 0 0 0 1 0 8 04000h ~ O5FFFh
SA2 0 0 0 0 0 1 1 8 06000h ~ 07FFFh
SA3 0 0 0 0 1 X X 32 08000h ~ OFFFFh
SA4 0 0 0 1 X X X 64 10000h ~ 1FFFFh
SAS5 0 0 1 0 X X X 64 20000h ~ 2FFFFh
SA6 0 0 1 1 X X X 64 30000h ~ 3FFFFh
SA7 0 1 0 0 X X X 64 40000h ~ 4FFFFh
SA8 0 1 0 1 X X X 64 50000h ~ 5FFFFh
SA9 0 1 1 0 X X X 64 60000h ~ 6FFFFh
SA10 0 1 1 1 X X X 64 70000h ~ 7FFFFh
SA1l 1 0 0 0 X X X 64 80000h ~ 8FFFFh
SA12 1 0 0 1 X X X 64 90000h ~ 9FFFFh
SA13 1 0 1 0 X X X 64 A0000h ~ AFFFFh
SAl4 1 0 1 1 X X X 64 B000Oh ~ BFFFFh
SA15 1 1 0 0 X X X 64 C0000h ~ CFFFFh
SA16 1 1 0 1 X X X 64 D0000h ~ DFFFFh
SAl7 1 1 1 0 X X X 64 E0000h ~ EFFFFh
SA18 1 1 1 1 X X X 64 FOO000h ~ FFFFFh

The address ranges from A18 to AO. The least significant address is A-1.

SANYO Electric Co., Ltd.
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Absolute Maximum Rating

StOrage tEMPEIALUNE........ocueeeereeeieerteeee et -65°C~150°C
D.C. INput/OUtPUL VOITAZE .....cveieeeeeecre e -0.5V ~Vpp+0.5V
Over shoot voltage below 20NS  .........ooeriieeirercree e -1.0V ~Vpp+1.0V

Operation conditions recommended

OpEration tEMPEFAtUNE.........ooveeeeeeeeee et 0°C~+70°C
VDD crerettemenenesee st bbb bbbt et 27V ~36V

DC Electric Characteristics

Symbol Parameter Limit Units Test Condition
Min. Typ. Max.
IppR Operation current at reading 15 25 mA | CE# = OE# = VIL, WE# = VIH
All the DQs are open.
Address input = VIH / VIL, VDD = VDD max.
Operation frequency = 10MHz, OE# = VIL
lppw | Operation current at writing 35 mA | CE# = WE# = V,,, OE# = V|4, Vpp = Vpp max.
lsg CMOS standby current 10 HA | CE# = Vpp—0.3V, Vpp = Vpp max.
I Input leak current 10 MA | ViN = Vss~ Vpp, Vpp = Vpp max.
Lo Output leak current 10 HA | Vour = Vss ~ Vpp, Vpp =V pp max.
Vip Input high voltage 115 12.0 12.5 V | A9, OE#, RESET#
Vi Input L-level voltage Vpp*0.2| V
Vie Input L-level voltage (CMOS) 0.2 \%
ViH Input H-level voltage Vpp*0.8 \Y
Vinc Input H-level voltage (CMOS)|Vpp-0.2 \Y
VoL Output L-level voltage 0.2 V | loL = 100uA, Vpp = Vpp min.
VonH Output H-level voltage Vpp-0.2 V | loy = -100pA, Vpp = Vpp min.

Power-up Timing

Symbol Parameter Maximum Units
tPU_READ Time period from power supply to a read operation 200 us
tPU_WRITE Time period from power supply to a write operation 200 us

Capacitance (Ta = 25°C, f = 1MHz)

Symbol Descriptions Maximum Units Test Condition
Coo Input pin capacitance 12 pF Vpo = OV
Cin Input pin capacitance 6 pF Vin = OV

SANYO Electric Co., Ltd.
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AC Electric Characteristics

Read cycle
Symbol Parameter Limits Units
Min. Max.
tRC Read cycle time 70 ns
tCE CE# access time 70 ns
tAA Address access time 70 ns
tOE OE# access time 30 ns
tCLZ From CE# L to output low impedance 0 ns
toLZ From OE# L to output low impedance 0 ns
tCHZ From CE# H to output high impedance 25 ns
tOHZ From OE# H to output high impedance 25 ns
tOH Retaining time of output from address change 0 ns
tRP RESET# pulse width 500 ns
tRY RESET# recovery time 20 us
tRB From READY# to WE# 0 ns
Erase / Program cycle
Symbol Parameter Limits Units
Min. Typ. Max.
tSSE Small sector erase time 0.025 3 S
tSCE Sector erasetime 0.025 3 S
tCPE Chip erasetime 0.5 60 s
tBP Programming time 20 100 us
tAS Address setup time 0 ns
tAH Address hold time 45 ns
tCES CE# setup time 0 ns
tCEH CE# hold time 0 ns
tOES OE# setup time to write pulse 0 ns
tOEH OE# hold time to write pulse 0 ns
tCP CE# write pulse width 35 ns
tWP WE# write pulse width 35 ns
tCPH CE# standby pulse width 25 ns
tWPH WE# standby pulse width 25 ns
tDS Data setup time 35 ns
tDH Data hold time 0 ns
tSEDH Sector erase hold time 50 us
tSUSE Erase suspend time 10 us
tBUSY RY/BY# delay time 90 ns
tVDDR | VDD risetime 0.1 50 ms
tIDA Read standby time 150 ns

Note: Since this parameter is measured only for initial qualification, it might be affected by design or process changes.

AC Test Conditions

INPUE VOITBGE. .....evieeieecierie e OV ~30V

Input rise/ fall time ..o 5ns

Input / output timing level ... 15V

OUutpUL 1080 ... 1TTL Gateand CL = 30pF

SANYO Electric Co., Ltd.
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Figure 3: Read Timing Chart
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Figure 5: Timing Chart of CE# Control Write Cycle
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Figure 7: Chip Erase Timing Chart
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Figure 8-b: Multi Sector Erase Timing Chart

6 bus write cycle

A18 -0 Y(55) o) ) 5 o) 0

ce# \ [\ /\/\/\ [\

T o T S X [
tSEDH tSEDH ‘// \—/

oe# /[ W W W W W
wes O\ NN N N SN

WY ALY WY ALY WA

sy,

pQ15 - 0w (e X)) Y 30— (@) (=
Figure 9: Small Sector Erase Timing Chart
B 6 bus write cycle L tSSE |
A18~O:> j( 2AA >< 555 >< 555 >< 2AA >< SA2 MOC
CE# _,4/T /N N\ S\ /A

OE#J N\Y Y

WEH# —ﬁ%% Wt

ALY Y ALY NN AN
[N LN TN L]

tDH

DQ15~0 { AA >< 55 >< 80 >< AA >< 55 % jfjf

SANYO Electric Co., Ltd.

21/36



Preliminary Specifications

8M-Bit Flash Memory

Figure 10: Erase Suspend Timing
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Preliminary Specifications

8M-Bit Flash Memory

Figure 12: Hardware ID
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Figure 13-a: Software ID Read Timing Chart
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Preliminary Specifications

8M-Bit Flash Memory

Figure 13-b: CFlI Mode Entry Timing Chart

3 bus write cycle

Al18~0

555

2AA><

XX><><X

ADDR >< ADDR ><><><><><><><><><><

CE#

tAH

[IN SN

OE# J w W FtlDA»

wes Wﬂﬂ Jﬁb

/

DQ15~ 00—

55

98

tAA
@ DATA >< DATA >

SANYO Electric Co., Ltd.

24/36



Preliminary Specifications

8M-Bit Flash Memory

Figure 14-a: Read Reset (Read Reset A) Timing Chart
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3 bus write cycle

A18~0

JIKXKKIKIRIIKIINNK

CE#

OE#JtAS AN\Y Y

tWP tWPH
WE# k ; \ /

DQ15~0

ﬁ 2an X s XXX

N

tIDA —>

(L

AN

(X X XXX

SANYO Electric Co., Ltd.

25/36



Preliminary Specifications

8M-Bit Flash Memory

Figure 15: DATA# Polling Timing Chart (DQ7)
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8M-Bit Flash Memory

Preliminary Specifications

Figure 17: Hardware Reset Timing Chart
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8M-Bit Flash Memory

Preliminary Specifications

Figure 18: Word (Byte) Program Algorithm
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>¢

Program command
(See Chart A below.)

v

DATA# Polling,
Toggle Bit, RY/BY#
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Programming completed

A: Program Command Sequence (Address / Command)
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v
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Program data
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Preliminary Specifications

8M-Bit Flash Memory

Figure 19: Fast Word (Byte) Program Algorithm
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v

Continuous program set command
(See Chart A below.)

>y

Continuous program command
(See Chart C below.)

Address = Address+1

v

DATA# Polling,
Toggle Bit

Last address?

Continuous Program
Reset Command (See Chart C below)

A Continuous program set
command

555h / AAh

v

2AAh / 55h

v

555h/20h

v

Continuous programming completed

B Continuous program
command

XXXh / AOh

v

Program address /
Program data

C Continuous program
reset command

XXXh / 90h

v

XXXh / FOh
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8M-Bit Flash Memory

Preliminary Specifications

Figure 20: Erase Algorithm

Start

v

Erase Command
(See Chart A, B, C below.)

v

DATA# polling,
Toggle Bit

v

Erase completed

C: Small Sector Erase

A: Chip Erase Command B: Sector Erase Command
Command
555h / AAh 555h / AOh 555h / 90h
2AAh / 55h 2AAh / 55h 2AAh / 55h
555h / 80h 555h / 80h 555h / 80h
555h / AAh 555h / AAh 555h / AAh
2AAh / 55h 2AAh / 55h 2AAh / 55h
555h / 10h SA® / 30h sA2® 1 70h

(1) SA: Sector Address = A18 ~ Al2
(2) SA2: Small Sector Address = A18 ~ All
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Preliminary Specifications

8M-Bit Flash Memory

Figure 21: DATA# Polling Algorithm

Start

no

~

Read (DQ7 ~ DQO)
Address = VA®

@

1) VA:

yes
DQ7 = Data?
Read (DQ7 ~ DQO)
Address = VAW
yes
DQ7 = Data?
no

\ 4

End abortively

End properly

Programming time: the address that executes programming

Chip Erase time: a discretionary address

Sector Erase time: a sector address that executes erasing

Small Sector Erase time: a small sector address that executes erasing

(2) The reason why DQ5 outputs 1 might be either the timing limit is exceeded or the erased data is read.

When DQ5 outputs 1, check DQ7 again to see if it's completed abortively.
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8M-Bit Flash Memory

Preliminary Specifications

Figure 22: Toggle Bit Algorithm

Start

>y

Read (DQ7 ~ DQO) is executed twice.
Address = VA®Y

no
DQ6 = Toggle?
no
(2 Read (DQ7 ~ DQO)is executed twice.
Address = VA®W
no
DQ6 = Toggle? >
\ 4
End abortively End properly

(1) VA:
Programming time: the address that executes programming
Chip Erase time: a discretionary address
Sector Erase time: a sector address that executes erasing
Small Sector Erase time: a small sector address that executes erasing

(2) The reason why DQ5 outputs 1 might be either the timing limit is exceeded or the erased data
is read. When DQ5 outputs 1, check DQ6 again to see if it's completed abortively.
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8M-Bit Flash Memory

Preliminary Specifications

Figure 23: Sector Protection 1 Algorithm
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1) SPA: Protection Sector addresses (A18 ~ A12 X
( )and, Read address (A6, A1, AO) ( ) VID of A9 is cancelled VID of A9 is cancelled
(2) VID: High Voltage * *

Reset command Reset command

v

(Sector protection completeD ( Device defect >
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8M-Bit Flash Memory

Preliminary Specifications

Figure 24: Sector Protection 2 Algorithm
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PLSCNT = 257
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\ 4

v
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v

Reset command

Reset Command

éector Protection Completed>

(1) SPA: Protection sector address (A18 ~ A12)
and Read address (A6, A1, AO)

(2) VID: High Voltage

(3) Not necessary when a sector in the Security
Sector range is protected.

( Defective Device >
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Preliminary Specifications

8M-Bit Flash Memory

Table 10-a: CFl Cuery ldentification String
Address -
Data Description
Byte Mode Word Mode
20h 10h 0051h
22h 11h 0052h Query Unique ASCI| string “QRY”
24h 12h 005%h
26h 13h 0002h ) _
Primary vendor command set and control interface ID code
28h 14h 0000h
2Ah 15h 0040h _
Address for Primary Extended Table
2Ch 16h 0000h
2Eh 17h 0000h .
Alternate OEM command set (00h = none exists)
30h 18h 0000h
32h 19h 0000h _ )
Address for secondary algorithm extended query table (00h = none exists)
34h 1Ah 0000h

Table 10-b: System Interface Information

Address -
Data Description
Byte Mode Word Mode
36h 1Bh 0027h VDD Min (2.7V)
38h 1Ch 0036h VDD Min (3.6V)
3Ah 1Dh 0000h VPP Min (0000h = no VPP Pin)
3Ch 1Eh 0000h VPP Max (0000h = no VPP Pin)
3Eh 1Fh 0005h Typical timeout for Word-Program 2" ps (2° = 32ps)
40h 20h 0000h Typical timeout for min. size buffer Program 2V s (00h = not supported)
42h 21h 0005h Typical timeout for individual Sector/Block-Erase 2" ms (2° = 32ms)
44h 22h 000Ah Typical timeout for Chip-Erase 2" ms (2° = 512ms)
46h 23h 0002h Maximum timeout for Word-Program 2" times typical (2% x 2° = 128ys)
48h 24h 0000h Maximum timeout for buffer Program 2" times typical (00h = not supported)
Maximum timeout for individual Sector/Block-Erase 2" times typical
4Ah 25h 0007h -
(2" x 2° = 4048ms)
4Ch 26h 0007h Maximum timeout for Chip-Erase 2" times typical (27 x 2° = 64sec)
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Preliminary Specifications

8M-Bit Flash Memory

Table 10-c. Device Geometry Information

Address o
Data Description
Byte Mode Word Mode
4Eh 27h 0014h Device size = 2V Bytes (14h = 20; 2%° = 1MByte)
50h 28h 0002h
Flash Device I nterface description; 0002h = x8/x16 asynchronous interface.
52h 29 0000h
54h 2Ah 0000h _ _ ) _ N
Maximum number of byte in multi-byte write = 2 (00h = not supported)
56h 2Bh 0000h
58h 2Ch 0004h Number of Erase Sector/Block sizes supported by device
5Ah 2Dh 0000h Region 1 Information (y + 1 = Number of sectors)
5Ch 2Eh 0000h 0000h+1=1
5Eh 2Fh 0040h Region 1 Information (z x 256 Byte = sector size)
60h 30h 0000h 64 x 256 Byte = 16K Byte (40h = 64)
62h 31h 0001h Region 2 Information (y + 1 = Number of sectors)
64h 32h 0000h 0001h+1=2
66h 33h 0020h Region 2 Information (z x 256 Byte = sector size)
68h 34h 0000h 32 x 256 Byte = 8K Byte (20h = 32)
6Ah 35h 0000h Region 3 Information (y + 1 = Number of sectors)
6Ch 36h 0000h 0000h+1=1
6Eh 37h 0080h Region 3 Information (zx 256 Byte = sector size)
70h 38h 0000h 128 x 256 Byte = 32K Byte (80h = 128)
72h 3%h 000Eh Region 4 Information (y + 1 = Number of sectors)
74h 3Ah 0000h 14+1 =15 (OEh = 14)
76h 3Bh 0000h Region 4 Information (z x 256 Byte = sector size)
78h 3Ch 0001h 256 x 256 Byte = 64K Byte (100h = 256)

Table 10-d: Primary Vendor-Specific

Extended Query

Address o
Data Description
Byte Mode Word Mode
80h 40h 0050h
82h 41h 0052h Query-unique ASCII string “PRI”
84h 42h 004%h
86h 43h 0031h Major version number, ASCII
88h 44h 0030h Minor version number, ASCII
8Ah 45h 0000h Address sensitive unlock (00h = required, 01h = not required)
8Ch 46h 0002h Erase Suspend (00h = not supported, 01h = Read only, 2 = Read and Write)
8Eh 47h 0001h Sector Protect (00h = not supported, n = number of sectorsin per group)
90h 48h 0001h Temporary Sector Unprotect (00h = not supported, 01h = supported)
92h 4%h 0004h Sector Protect/Unprotect scheme
94h 4Ah 0000h Simultaneous R/W Operation (00h = not supported)
96h 4Bh 0000h Burst Mode (00h = not supported, 01h = supported)
98h 4Ch 0000h Page Mode (00h = not supported, 01h = supported)
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