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Distinctive Characteristics

Single 3V read/program/erase (2.7-3.6 V)

Enhanced Versatilel/O™ control

- Allinput levels (address, control, and DQ
input levels) and outputs are determined by
voltage on Vo input. Vio range is 1.65 to Vcc

8-word/16-byte page read buffer

32-word/64-byte write buffer reduces overall

programming time for multiple-word updates

Secured Silicon Sector region

- 128-word/256-byte sector for permanent,
secure identification through an
8-word/16-byte random Electronic Serial
Number

- Can be programmed and locked at the
factory or by the customer

Uniform 64 Kword/128 Kbyte Sector

Architecture

- One thousand twenty-four sectors
100,000 erase cycles per sector typical

Performance Characteristics

QA-DT-169
Rev. 1.2

20-year data retention typical
Offered Packages

- 56-pin TSOP

- 64-ball Fortified BGA

Write operation status bits indicate program and
erase operation completion

Unlock Bypass Program instruction to reduce
programming time

Support for CFl (Common Flash Interface)

Persistent and Password methods of Advanced
Sector Protection

WP#/ACC input

Hardware reset input (RESET#) resets device

Ready/Busy# output (RY/BY#) detects program
or erase cycle completion

Maximum Read Access Times (ns)
Density Voltage Range (1) Ranc_iom Access | Page Access Time CE_# Access OE_# Access
Time (tacc) (tpacc) Time (tcg) Time (tog)
Regulated V¢ 110 110
256Mb Full Vcc 120 25 120 25
VersatilelO Vio 130 130
Note
1. Access times are dependent on Vcc and Vo operating ranges. See Order Information for further details.
Regulated Vcc: Vee = 3.0-3.6 V.
Full Vce: Vee = Vio=2.7-3.6 V.
VersatilelO Vio: Vio = 1.65-Vcc, Vec = 2.7-3.6 V.
2. Contact a sales representative for availability

Current Consumption (typical values)

Random Access Read (f= 5 MHz) 30 mA
8-Word Page Read (f= 10 MHz) 1 mA

Program/Erase 50 mA

Standby 100 pA

Program & Erase Times (typical values)

Single Word/Byte Programming 60 us

Effective Write Buffer Programming (Vc) Per Word 15 us

Effective Write Buffer Programming (V) Per Word 13.5 ps
Sector Erase Time (64 Kword Sector) 05s
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1. DESCRIPTION

The BY29G256FS is flash product fabricated on ETOX 50 nm process technology. These devices
offer a fast page access time of 25 ns with a corresponding random access time as fast as 110 ns.
They feature a Write Buffer that allows a maximum of 32 words/64 bytes to be programmed in one
operation, resulting in faster effective programming time than standard programming algorithms.
This makes these devices ideal for today’s embedded applications that require higher density,
better performance and lower power consumption.

Figure 1. Logic diagram

Vce

A23-A0 7 i DQ14-DQO

CE#
OE# ] —— DQ15/A-1
WE#
Vio — BY29G256FS
RY/BY#
BYTE#
RESET#
WP#/ACC

Vss
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Figure 2.1. Pin Configuration for TFBGA11*13-64BALL
A\
A
© )
NC A22 A23 Vio Vss NC NC NC
() @ @ ®) @)
A13 A15 A16  BYTE# DQi5/A1  Vss
A10 A1 DQ7 DQ14  DQ13 DQs
g WE# HESET# A19 DQ5 DQ12 Vee DQ4 L
d" ’f
RY/BY# WP#ACC A18 A20 DQ2 DQ10 DA DQ3
m 7 A5 DQO DQ8 DQ9 DQ1
A4 Al A0 CE# OE# Vss
NC NC NC NC NC Vio NC NC
ke \\
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Figure 3.2. Pin Configuration for TSOP56 14*20mm
1f
A23 1 [____] 156 NC
A22 2| [ 155 NC
AlS 3 [ | | 154 A16
A4 4[] [ 153 BYTE#
A13 5 [ | 152 Vss
A2 6 [ 151 DQ15/A-1
3 1 I ) 150 DQ7
A10 8 49 DQ14
A9 9 48 DQ6
A8 10 47 DQ13
A19 11 [ 146 DQ5
A20 12 [ 145 DQ12
WE# 13 ] 144 DQ4
RESET# 14 43 Vce
A21 15 42 DQ11
WP#/ACC 16 41 DQ3
RY/BY# 17 140 DQ10
A18 18 ] 139 DQ2
A17 19 38 DQ9
A7 20 37 DQ1
A6 21 136 DQ8
A5 22 135 DQO
A4 23 | 134 OE#
A3 24 [ 133 Vss
A2 25 132 CE#
Al 26 T 131 A0
NC 27 130 NC
NC 28 [ . 129 Vo
I
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2. SIGNAL DESCRIPTION

Table 1. Signal Names

Symbol Type Description
A23-A0 Input Address lines for BY29G256FS
DQ14-DQ0 1/0 Data input/output
DQ15: Data input/output in word mode
DQ15/A-1 Vo A-1: LSB address input in byte mode
CE# Input Chip Enable
OE# Input Output Enable
WE# Input Write Enable
Vee Supply Device Power Supply
Vio Supply Versatile 10 Input
Vss Supply Ground
NC No Connect | Not connected internally
Ready/Busy. Indicates whether an Embedded Algorithm is in
RY/BY# Output progress or complete. At V., the device is actively erasing or
programming. At High Z, the device is in ready
Selects data bus width. At Vi, the device is in byte configuration
BYTE# Input and data I/O pins DQO-DQ7 are active and DQ15/A-1 becomes
the LSB address input. At V4, the device is in word configuration
and data 1/0 pins DQO0-DQ15 are active
RESET# Input I(;I:tradware Reset. Low = device resets and returns to reading array
Write Protect/Acceleration Input. At V., disables program and
erase functions in the sertor0. At Vuh, accelerates programming;
WP#/ACC Input automatically places device in unlock bypass mode. Should be at

Vi for all other conditions. WP# has an internal pull-up; when
unconnected, WP# is at V4

BYT Semiconductor
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3. SECTOR ADDRESSES

Table 2. Sector Addresses of BY29G256FS

QA-DT-169
Rev. 1.2

Memc_>ry Big Block Sector Address Range
Density (256Kword/512Kbyte) (64Kword/128Kbyte)
Sector 0 0000000h-000FFFFh
Big Block 0 : :
Sector 3 0030000h-003FFFFh
256Mbit : :
Sector 252 OFCO0000h-OFCFFFFh
Big Block 63 : :
Sector 255 OFFO000h-OFFFFFFh
Note:

1. Big Block = Uniform Big Block, and the size is 256 Kword/ 512Kbyte.
2. Sector = Uniform Sector, and the size is 64K word/128K byte.

BYT Semiconductor 9/99
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4. OPERATION FEATURES

4.1 Power Conservation Modes
4.1.1 Standby Mode

When the system is not reading or writing to the device, it can place the device in the standby
mode. In this mode, current consumption is greatly reduced, and the outputs are placed in the high
impedance state, independent of the OE# input. The device enters the standby mode when the
CE# and RESET# inputs are both held at Vcc £ 0.3 V. The device requires standard access time
(tce) for read access, before it is ready to read data. If the device is deselected during erasure or
programming, the device draws active current until the operation is completed. ICC4 in “DC
Characteristics” represents the standby current specification.

4.1.2 Automatic Sleep Mode

The automatic sleep mode minimizes Flash device energy consumption. The device automatically
enables this mode when addresses remain stable for tacc + 30 ns. The automatic sleep mode is
independent of the CE#, WE#, and OE# control signals. Standard address access timings provide
new data when addresses are changed. While in sleep mode, output data is latched and always
available to the system. ICC6 in “DC Characteristics” represents the automatic sleep mode
current specification.

4.1.3 Hardware RESET# Input Operation

The RESET# input provides a hardware method of resetting the device to reading array data.
When RESET# is driven low for at least a period of tre, the device immediately terminates any
operation in progress, tristates all outputs, and ignores all read/write instructions for the duration of
the RESET# pulse. The device also resets the internal state machine to reading array data. The
operation that was interrupted should be reinitiated once the device is ready to accept another
instruction sequence to ensure data integrity.

When RESET# is held at Vss + 0.3 V, the device draws ICC reset current (ICC5). If RESET# is
held at Vi but not within Vss + 0.3 V, the standby current is greater.

RESET# may be tied to the system reset circuitry and thus, a system reset would also reset the
Flash memory, enabling the system to read the boot-up firmware from the Flash memory.
4.1.4 Output Disable (OE#)

When the OE# input is at Vin, output from the device is disabled. The outputs are placed in the
high impedance state. (With the exception of RY/BY#.)

4.2 Word/Byte Configuration

The BYTE# pin controls whether the device data I/O pins operate in the byte or word configuration.
If the BYTE# pin is set at logic ‘1, the device is in word configuration, DQ0-DQ15 are active and
controlled by CE# and OE#.

If the BYTE# pin is set at logic ‘0’, the device is in byte configuration, and only data I/O pins
DQO0-DQ7 are active and controlled by CE# and OE#. The data I/O pins DQ8-DQ14 are tri-stated,
and the DQ15 pin is used as an input for the LSB (A-1) address function.

BYT Semiconductor 10/99 BY29G256FS
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4.3 Versatile IOTM (VIO) Control

The VersatilelO™ (Vi0) control allows the host system to set the voltage levels that the device
generates and tolerates on all inputs and outputs (address, control, and DQ signals). Vio range is
1.65 to Vcc. See Order Information for Vo options on this device.

For example, a Vio of 1.65-3.6 volts allows for I/O at the 1.8 or 3 volt levels, driving and receiving
signals to and from other 1.8 or 3V devices on the same data bus.

44 RY/BY#

The RY/BY# is a dedicated, open-drain output pin that indicates whether an Embedded Algorithm
is in progress or complete. The RY/BY# status is valid after the rising edge of the final WE# pulse
in the instruction sequence. Since RY/BY# is an open-drain output, several RY/BY# pins can be
tied together in parallel with a pull-up resistor to Vcc. This feature allows the host system to detect
when data is ready to be read by simply monitoring the RY/BY# pin, which is a dedicated output.

When the RY/BY# changes from V. to High Z, that is, the Embedded Algorithm is completed, but
the Embedded Algorithm cannot be judged to be successful, and it needs to be combined with the
status judgment of DQ5. Unlike RY/BY#, when DQG6 stops toggle, it means the Embedded
Algorithm is completed and the Embedded Algorithm is successful.

4.5 Hardware Data Protection Methods

The device offers the main type of data protection at the sector level via hardware control: When
WP#/ACC is at Vi, the lowest sector is locked (device specific).

There are additional methods by which intended or accidental erasure of any sectors can be
prevented via hardware means. The following subsections describes these methods:

4.5.1 WP#/ACC Method

The Write Protect feature provides a hardware method of protecting one outermost sector. This
function is provided by the WP#/ACC pin and overrides the previously discussed Sector
Protection/Unprotection method.

If the system asserts ViLon the WP#/ACC pin, the device disables program and erase functions in
the highest or lowest sector independently of whether the sector was protected or unprotected
using the method described in Figure 44.

If the system asserts Vi on the WP#/ACC pin, the device reverts to whether the boot sectors were
last set to be protected or unprotected. That is, sector protection or unprotection for these sectors
depends on whether they were last protected or unprotected.

The WP#/ACC pin must be held stable during a instruction sequence execution. WP# has an
internal pull-up; when unconnected, WP# is set at V|n.

Note

If WP#/ACC is at ViL when the device is in the standby mode, the maximum input load current is
increased.

4.5.2 Low VCC Write Inhibit

When Vcc is less than Viko, the device does not accept any write cycles. This protects data during
Vcc power-up and power-down.

The instruction register and all internal program/erase circuits are disabled, and the device resets
to reading array data. Subsequent writes are ignored until Vcc is greater than Viko. The system
must provide the proper signals to the control inputs to prevent unintentional writes when Vcc is
greater than Viko.

BYT Semiconductor 11/99 BY29G256FS
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4.5.3 Write Pulse “Glitch Protection”

QA-DT-169
Rev. 1.2

Noise pulses of less than 5 ns (typical) on OE#, CE# or WE# do not initiate a write cycle.

4.5.4 Power-Up Write Inhibit

If WE# = CE# = RESET# = VL and OE# = V4 during power up, the device does not accept
instructions on the rising edge of WE#. The internal state machine is automatically reset to the

read

4.6

mode on power-up.

Write Operation Status

The device provides several bits to determine the status of a program, erase operation or
Password Unlock. The following subsections describe the function of DQ1, DQ2, DQ3, DQ5, DQS6,
and DQY7.

Table 3. Write Operation Status

Status Da7 | DAs | DQ5 | D@4 | D@3 | DQ2 |DQ1 |Dao |RY)
. Toggle
Embedded Program Algorithm DQ7# (Note 1) 0 N/A | N/A N/A 0 N/A| O
Standard Embedded Erase Algorithm 0 Toggle 0 N/A 1 Toggle | N/A | NJA | O
Mode Program Algorithm Error(Note 2) DQ7# | Toggle | 1 | NA | NA| NA 0 | NA | 1
Erase Algorithm Error 0 Toggle 1 N/A 1 Toggle | N/A | N/A | 1
Program | Program- | Program-Suspended Sector Invalid (not allowed) 1
Suspend | Suspend Non-Program Suspended Dat 1
Mode Read Sector ata
Erase- Erase-Suspended Sector 1 No toggle 0 N/A | N/A | Toggle | N/A | N/A | 1
Erase | Suspend
Suspend Read  |Non-Erase Suspended Sector Data 1
Mode
Erase-Suspend-Program
(Embedded Program) DQ7# | Toggle 0 N/A | N/A N/A N/A | NA | O
. Busy DQ7# | Toggle 0 N/A | N/A N/A 0 N/A| O
V\’Brﬁfef;f Abort DQ7# | Toggle | 0 | NA | NA | NA 1 | NnA o
Error DQ7# | Toggle N/A | N/A N/A 0 N/A | 1
Paﬁz’)"cokrd valid/ invalid NA | Toggle | NA | NA | NIA | NIA | NIA | NIA | O
Note

1.

Toggle = 0to 1, 1 to 0, and so on.

2. Error means the program or erase time has exceeded a specified internal pulse count limit.

4.6.1

DQ7: Data# Polling

The Data# Polling bit, DQ7, indicates to the host system whether an Embedded Program or Erase
algorithm is in progress or completed, or whether the device is in Erase Suspend.

During the Embedded Program algorithm, the device outputs on DQ7 the inverted value of the
datum programmed to DQ7. This DQ7 status also applies to programming during Erase Suspend.
When the Embedded Program algorithm is complete, the device outputs the datum programmed
to DQ7. The system must provide the program address to read valid status information on DQ7. If
a program address falls within a protected sector, Data# polling on DQ7 is active, then that sector
returns to the read mode.

During the Embedded Erase Algorithm, Data# polling produces a “0” on DQ7. When the
Embedded Erase algorithm is complete, or if the device enters the Erase Suspend mode, Data#
Polling produces a “1” on DQ7. The system must provide an address within any of the sectors
selected for erasure to read valid status information on DQ7.

BYT Semiconductor
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After an erase instruction sequence is written, if all sectors selected for erasing are protected,
Data# Polling on DQ7 is active for approximately 100 us, then the device returns to the read mode.
If not all selected sectors are protected, the Embedded Erase algorithm erases the unprotected
sectors, and ignores the selected sectors that are protected. However, if the system reads DQ7 at
an address within a protected sector, the status may not be valid.

4.6.2 DQ6: Toggle Bit |

Toggle Bit | on DQ6 indicates whether an Embedded Program, Erase algorithm or Password
Unlock is in progress. Toggle Bit | may be read at any address, and is valid after the rising edge of
the final WE# pulse in the instruction sequence (prior to the program or erase operation), and
during the sector erase time-out.

During an Embedded Program or Erase algorithm operation, successive read cycles to any
address that is being programmed or erased causes DQ6 to toggle. When the operation is
complete or has entered the Erase Suspend mode DQ6 stops toggling.

DQ6 also toggles during the erase-suspend-program mode, and stops toggling once the
Embedded Program Algorithm or Password Unlock is complete.

4.6.3 DQ2: Toggle Bit Il

The “Toggle Bit II” on DQ2 indicates whether a particular sector is actively erasing (that is, the
Embedded Erase algorithm is in progress), or whether that sector is erase-suspended. Toggle Bit
Il is valid after the rising edge of the final WE# pulse in the instruction sequence. DQ2 toggles
when the system reads at addresses within those sectors that have been selected for erasure. But
DQ2 cannot distinguish whether the sector is actively erasing or is erase-suspended.

4.6.4 DQ5: Exceeded Timing Limits

DQ5 indicates whether the program or erase time has exceeded a specified internal pulse count
limit. Under these conditions DQ5 produces a “1,” indicating that the program or erase cycle was
not successfully completed. Under valid DQ5 conditions, the system must write the reset
instruction to return to the read mode (or to the erase-suspend-read mode if a sector was
previously in the erase-suspend-program mode).

4.6.5 DQ3: Sector Erase Timeout State Indicator

After writing a sector erase instruction sequence, the system may read DQ3 to determine whether
or not erasure has begun. (The sector erase timer does not apply to the chip erase instruction.) If
additional sectors are selected for erasure, the entire time-out also applies after each additional
sector erase instruction. When the time-out period is complete, DQ3 switches from a “0” to a “1”.
To ensure the instruction has been accepted, the system software should check the status of DQ3
prior to and following each sub-sequent sector erase instruction. If DQ3 is high on the second
status check, the last instruction might not have been accepted. If the time between additional
sector erase instructions from the system can be assumed to be less than tsea, then the system
need not monitor DQ3. See Erase Operations for more details.

4.6.6 DQ1: Write to Buffer Abort

DQ1 indicates whether a Write to Buffer operation was aborted. Under these conditions DQ1
produces a “1”. The system must issue the “Write to Buffer Abort Reset” instruction sequence to
return the device to reading array data. See Write Buffer Program for more details.

4.7 Device Operation Table

The device must be setup appropriately for each operation. Table 4 describes the required state of
each control pin for any particular operation.

BYT Semiconductor 13/99 BY29G256FS
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Table 4. Device Operations
DQ8-DQ15
Operation | CE# | OE# | WE# |RESET# wp#/acc | Addresses | oo pa7
(Note 1) BYTE#= Vi [BYTE#=V)_
Read L L H H X AIN DOUT DOUT
Write DQ8-DQ14
(Program/ L H L H (Note 2) AN (Note 3) (Note 3) = High-Z
Erase) DQ15 =A-1
Accelerated
Program L H L H Viu AN (Note 3) | (Note 3)
Standby | Vect | x | x | Vecd H X High-Zz | High-Z High-Z
0.3V 0.3V
Output . . .
Disable L H High-Z High-Z High-Z
Reset X L High-Z High-Z High-Z
Legend
L = Logic Low = Vi, H = Logic High = Vi, Vin = 11.5-12.5V, X = Don’t Care, Ain = Address In, Div = Data In, Dout
= Data Out.
Note

1. Addresses are Amax: AO in word mode; Awax:A-1 in byte mode.
2. If WP# = Vy, the sectorO remains protected. If WP# = V4, the outermost sector is unprotected. WP# has an
internal pull-up; when unconnected, WP# is at Vin. All sectors are unprotected when shipped from the factory
(The Secured Silicon Sector can be factory protected depending on version ordered.)

3. DIN or DOUT as required by instruction sequence, data polling, or sector protect algorithm.

BYT Semiconductor
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5. INSTRUCTIONS DESCRIPTION
5.1 Instruction Definitions
5.1.1 Memory Array Instruction Definitions, x16
@ Bus Cycles (Notes 1-5)
Instruction (Notes) E First Second Third Fourth Fifth Sixth
O | Addr | Data | Addr | Data | Addr | Data | Addr | Data | Addr | Data | Addr | Data
Read (6) 1] RA | RD
Single Word/Byte Program 4| 555 | AA | 2AA | 55 555 | AO PA PD
Write to Buffer (7) 6 | 555 2AA | 55 SA | 25 SA WC | WBL | PD | WBL | PD
Program Buffer to Flash (Confirm) | 1 | SA 29
Write-to-Buffer-Abort Reset 3| 555 2AA | 55 555 | FO
Chip Erase 6| 555 | AA | 2AA | 55 | 555 | 80 555 AA | 2AA | 55 555 | 10
Sector Erase 6 | 555 2AA | 55 | 555 | 80 555 AA | 2AA | 55 SA 30
Erase Suspend/Program Suspend | 1 | XXX | BO
Erase Resume/Program Resume | 1 | XXX | 30
Reset 11 XXX | FO
Enter 3| 555 | AA | 2AA | 55 | 555 | 20
Read (6) 11 RA | RD
Single Word/Byte Program 2 | XXX | AO PA PD
g Write to Buffer (7) 6| SA 25 SA | WC |WBL| PD
>
% Prograrpciﬁiif(rar;;o Flash 11 sa 29
g Write-to-Buffer-Abort Reset | 3| 555 | AA | 2AA | 55 | 555 | FO
Sector Erase 2| XXX | 80 SA 30
Chip Erase 2| XXX | 80 | XXX | 10
Reset 2| XXX | 90 | XXX | 00
_ Secured Silicon SectorEntry | 3 | 555 | AA | 2AA | 55 | 555 | 88
*§ Read (6) 1| RA | RD
‘2 Single Word/Byte Program 4| 555 | AA | 2AA | 55 | 555 | AO PA PD
LS Write to Buffer (7) 6| 555 | AA | 2AA | 55 SA | 25 SA WC | WBL | PD | WBL | PD
g Prograr(nCIerigtrar:];o Flash 11 sa 29
é Write-to-Buffer-Abort Reset 3| 555 | AA | 2AA | 55 555 | FO
Secured Silicon Sector Exit |4 | 555 | AA | 2AA | 55 | 555 | 90 XX 00
Manufacturer ID 4] 555 | AA | 2AA | 55 | 555 | 90 X00 01
f-:\; Device ID 6| 555 | AA | 2AA | 55 | 555 | 90 X01 | 227E | XOE XOF
% Sector Protect Verify 4| 555 | AA | 2AA | 55 | 555 | 90 [S(,)AZ]X
§ Secure Device Verify 4| 555 | AA | 2AA | 55 | 555 | 90 X03
Reset 11 XXX | FO
CFI Query (9) 1] 55 98
o Read (6) 1| RA | RD
Reset 11 XXX | FO
BYT Semiconductor 15/99 BY29G256FS
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Legend

X =Don’t care

RA = Address of the memory to be read.

RD = Data read from location RA during read operation.

PA = Address of the memory location to be programmed. Addresses latch on the falling edge of the
WE# or CE# pulse, whichever happens later.

PD = Data to be programmed at location PA. Data latches on the rising edge of the WE# or CE#
pulse, whichever happens first. SA = Address of the sector to be verified (in autoselect mode) or
erased. Address bits Amax—A16 uniquely select any sector.

WBL = Write Buffer Location. The address must be within the same write buffer page as PA.

WC = Word Count is the number of write buffer locations to load minus 1.

Note

1. See Table 4 for description of bus operations.

2. All values are in hexadecimal.

3. All bus cycles are write cycles unless otherwise noted.

4. Data bits DQ15-DQ8 are don’t cares for unlock and instruction cycles.

5. Address bits Amax:A12 are don’t cares for unlock and instruction cycles, unless SA or PA
required. (Amax is the Highest Address pin.).

6. No unlock or instruction cycles required when reading array data.

7. Depending on the number of words written, the total number of cycles may be from 6 to 37.

8. The fourth, fifth, and sixth cycles of the autoselect instruction sequence are read cycles.

9. Instruction is valid when device is ready to read array data or when device is in autoselect

mode.
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5.1.2 Sector Protection Instruction Definitions, x16

Bus Cycles (Notes 1-5)

(7]
& -
Instruction (Notes) S| it | second Third Fourth Fifth Sixth
o
Addr | Data | Addr | Data | Addr| Data | Addr | Data | Addr | Data | Addr | Data
3 Instruction Set Entry 3| 555 | AA | 2AA | 55 | 555 | 40
(2]
> Program 2 | XXX | A0 | XXX |DATA
~ Read 1] o0 | RD
[8]
9 Instruction Set Exit 2 | XXX 90 XXX 00
Instruction Set Entry 3|55 | AA | 2AA | 55 | 555 60

S| Password Program (6) | 2 | xxx | Ao | PWA | PO
[&]
[0)
09_ Password Read (7) 4| 00 P\SVD 01 |PwD1| 02 |PWD2| 03 |PWD3
B2
S 00 25 00 03 00 |PWDO| 01 [PWD1| 02 |PWD2| 03 [PWD3
a Password Unlock (7) 7
g 00 | 29

Instruction Set Exit 2 | XXX | 90 | XXX | 00
PPB Instruction Set Entry | 3 | 555 | AA | 2AA | 55 | 555 | CO
PPB Program 2 | XXX | A0 SA 00
All PPB Erase 2| XXX | 80 00 30
PPB Status Read 1] SA |RD(0)

PPB Instruction Set Exit | 2 | XXX | 90 | XXX | 00

Global Volatile Freeze| Global Non-Volatile

PPB Lock Instruction Set

E 3| 555 | AA | 2AA | 55 | 555 | 50
ntry

PPB Lock Set 2| XXX | A0 | XXX | 00

PPB Lock Status Read 1 | XXX |RD (0)

PPB Lock Instruction Set Exitf 2 | XXX | 90 | XXX 00

Volatile

DYB Instruction Set Entry | 3 | 555 | AA | 2AA 55 555 EO

DYB Set 2 | XXX | A0 SA 00
DYB Clear 2| XXX | A0 SA 01
DYB Status Read 1] SA |RD(0)

DYB Instruction Set Exit | 2 | XXX | 90 | XXX | 00

Legend
X = Don’'t care RD(0) = Read data.
SA = Sector Address. Address bits Amax—A16 uniquely select any sector. PWD = Password
PWDx = Password word0, word1, word2, and word3.
Data = Lock Register Contents: PD(0) = Secured Silicon Sector Protection Bit, PD(1) = Persistent
Protection Mode Lock Bit, PD(2) = Password Protection Mode Lock Bit.

Note
1. See Table 4 for description of bus operations.
2. All values are in hexadecimal.
3. All bus cycles are write cycles unless otherwise noted.
4. Data bits DQ15-DQ8 are don’t cares for unlock and instruction cycles.
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5. Address bits Auax: A12 are don’t cares for unlock and instruction cycles, unless SA or PA
required. (Amax is the Highest Address pin.)
For PWDXx, only one portion of the password can be programmed per each “A0” instruction.

Note that the password portion can be entered or read in any order as long as the entire 64-bit
password is entered or read.

No
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5.1.3 Memory Array Instruction Definitions, x8
Bus Cycles (Notes 1-5)
Instruction (Notes) é First Second Third Fourth Fifth Sixth
© | Addr | Data |Addr| Data |Addr| Data | Addr | Data |Addr| Data |Addr| Data
Read (6) 11 RA | RD
Single byte program 4 | AAA| AA | 555 55 |AAA| A0 PA PD
Write to Buffer (7) 6 | AAA| AA | 555 | 55 SA | 25 SA BC |WBL| PD |(WBL| PD
Program Buffer to Flash (confirm) | 1 | SA 29
Write-to-Buffer-Abort Reset 3 | AAA 555 | 55 |AAA| FO
Chip Erase 6| AAA| AA | 555 | 55 |AAA| 80 AAA | AA | 555 | 55 |AAA| 10
Sector Erase 6 | AAA| AA | 555 | 55 |AAA| 80 AAA | AA | 555 | 55 | SA | 30
Erase Suspend/Program Suspend | 1 | XXX | BO
Erase Resume/Program Resume | 1 | XXX | 30
Reset 1] XXX| FO
Enter 3| AAA | AA | 555 | 55 |AAA| 20
Read (6) 1| RA | RD
® Single Word/Byte Program 2 | XXX | A0 PA | PD
§ Write to Buffer (7) 6| SA | 25 | SA | WC |WBL| PD
f Program Buffer to Flash (confirm)l 1 | SA 29
(—g) Write-to-Buffer-Abort Reset 3 | AAA| AA | 555 55 |AAA| FO
> Sector Erase 2| xxx| 80 | sA | 30
Chip Erase 2| XXX | 80 | XXX| 10
Reset 2 | XXX | 90 | XXX | 00
.| Secured Silicon Sector Entry | 3 | AAA | AA | 555 55 | AAA| 88
§ Read (6) 1| RA | RD
S Single Word/Byte Program 4 | AAA| AA | 555 | 55 |AAA| A0 PA PD
:c% Write to Buffer(7) 6 | AAA| AA | 555 | 55 SA | 25 SA BC |WBL| PD |(WBL| PD
g Program Buffer to Flash (confirm)l 1 | SA 29
§ Write-to-Buffer-Abort Reset 3 | AAA| AA | 555 55 |AAA| FO
@ Secured Silicon Sector Exit 4 | AAA| AA | 555 | 55 |AAA| 90 XX 00
Manufacturer ID 4 | AAA| AA | 555 55 |AAA| 90 X00 01
§ Device ID 6| AAA| AA | 555 | 55 |AAA| 90 X02 |XX7E| X1C X1E| (8)
% Sector Protect Verify 4|Aan| AA | 555 | 55 |Aaa| oo |[SAXO
§ Secure Device Verify 4 | AAA| AA | 555 | 55 |AAA| 90 X06
Reset 1| XXX | FO
CFI Query (9) 1| AA | 98
L Read (6) 1| RA | RD
Reset 1| XXX | FO
Legend

X =Don’t care

RA = Address of the memory to be read.

RD = Data read from location RA during read operation.

PA = Address of the memory location to be programmed. Addresses latch on the falling edge of the

WE# or CE# pulse, whichever happens later.
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PD = Data to be programmed at location PA. Data latches on the rising edge of the WE# or CE#
pulse, whichever happens first. SA = Address of the sector to be verified (in autoselect mode) or
erased. Address bits Amax—A16 uniquely select any sector.

WBL = Write Buffer Location. The address must be within the same write buffer page as PA.

BC = Byte Count is the number of write buffer locations to load minus 1.

Note

See Table 4 for description of bus operations.

All values are in hexadecimal.

All bus cycles are write cycles unless otherwise noted.

Data bits DQ15-DQ8 are don’t cares for unlock and instruction cycles.

Address bits Amax:A12 are don’t cares for unlock and instruction cycles, unless SA or PA
required. (Amax is the Highest Address pin.).

No unlock or instruction cycles required when reading array data.

Depending on the number of words written, the total number of cycles may be from 6 to 69
The fourth, fifth, and sixth cycles of the autoselect instruction sequence are read cycles.
Instruction is valid when device is ready to read array data or when device is in autoselect
mode.

arOND~

©ooN®
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5.1.4 Sector Protection Instruction Definitions, x8
Bus Cycles (Notes 1-5)
("]
. ] First/ Second/ . . .
Instruction (Notes) 5 Seventh Eighth Third Fourth Fifth Sixth
Addr | Data | Addr| Data | Addr | Data | Addr | Data | Addr | Data | Addr | Data
3 Instruction Set Entry 3| AAA | AA | 555 | 55 | AAA | 40
n
> Bits Program 2 | XXX | A0 | XXX | DATA
~ Read 1] 00 | RD
[%)
S Instruction Set Exit 2 | XXX | 90 | XXX | 00
Instruction Set Entry 3| AAA| AA | 555 55 AAA 60
Password Program (6) 2 | XXX | A0 P\;VA PV)YD
S PWD
*g 00 (PWDO| 01 [PWD1| 02 |PWD2| 03 3 04 |PWD4 05 |PWD5
° Password Read (7) 8
< 06 |PWD6| 07 |PWD7
5]
2 PWD
3 00 25 00 03 00 |PWDO| 01 1 02 |PwWD2 03 |PWD3
P Password Unlock (7) |11
04 Pwp4| 05 |Pwps| 06 (Pwpe| o7 |PYP| 00 | 29
Instruction Set Exit 2 | XXX | 90 | XXX | 00
PPB Instruction Set Entry | 3 | AAA | AA 55 55 AAA Co
PPB Program 2 | XXX | A0 SA 00
T_g All PPB Erase 2 | XXX | 80 00 30
©°
Q) PPB Status Read 1| sa R?(O
PPB Instruction Set Exit 2 | XXX | 90 | XXX | 00
PPB LockEInstructlon Set 30 asA | AA | 555 55 AA A 50
ntry
T PPB Lock Bit Set 2 | XXX | A0 | XXX | 00
Qo
o
& | PPBLock Status Read | 1 | XXX R?(O
PPB Lock Instruction Set Exitf 2 | XXX | 90 | XXX | 00
DYB Instruction Set Entry AAA | AA | 555 55 AAA EO
DYB Set XXX | AO SA 00
2 DYB Clear XXX | A0 | SA | 01
o
3 DYB Status Read 1| SA R?(O
DYB Instruction Set Exit | 2 | XXX | 90 | XXX | 00

Legend

X = Don’'t care RD(0) = Read data.
SA = Sector Address. Address bits Amax—A16 uniquely select any sector. PWD = Password
PWDx = Password word0, word1, word2, and word3.
Data = Lock Register Contents: PD(0) = Secured Silicon Sector Protection Bit, PD(1) = Persistent
Protection Mode Lock Bit, PD(2) = Password Protection Mode Lock Bit.

Note

1. See Table 4 for description of bus operations.
2. All values are in hexadecimal.
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3. All bus cycles are write cycles unless otherwise noted.

4. Data bits DQ15-DQ8 are don’t cares for unlock and instruction cycles.

5. Address bits Amax:A12 are don’t cares for unlock and instruction cycles, unless SA or PA
required. (Amax is the Highest Address pin.)

6. For PWDXx, only one portion of the password can be programmed per each “A0” instruction.

7. Note that the password portion can be entered or read in any order as long as the entire 64-bit

password is entered or read.
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5.2 Read Operations
5.2.1 Read

All memories require access time to output array data. In a read operation, data is read from one
memory location at a time. Addresses are presented to the device in random order, and the
propagation delay through the device causes the data on its outputs to arrive with the address on
its inputs.

The device defaults to reading array data after device power-up or hardware reset. To read data
from the memory array, the system must first assert a valid address on Amax-AO, while driving OE#
and CE# to V.. WE# must remain at Vi. All addresses get ready on the falling edge of CE#. tce is
equal to the delay from the falling edge of CE# to valid output data. Data is output on DQ15-DQO
pins after the access time (toe) has elapsed from the falling edge of OE#, assuming the tce access
time has been meet.

Figure 4. read function (word mode)

apza [///X Aa X Ab X1/
cer | e
OF# \ | | |
| | | |
HighZ | tOE\: i toe !
DQ[15:0] Qa Qb
1'b1
WEH#
1'b1
RESET#
RY/BY# —2Z
1b1
BYTE#4

Figure 5. read function (byte mode)

apsa [///X Aa
pQ(Is5yA-1 //// X Ala A-lb X[/

CE# ¢ tcE : y tcE :
T
OE# | ! | !
I
High-Z I tOE\; !&!
DQ[7:0] Qa Qb

High-7.

Ab NI/

> >

DQ[14:8]
WE#
RESET#
RY/BY#
BYTE# 1'b0

1b1

1'bl

High-Z
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5.2.2 Page Read Mode

The device is capable of fast page mode read and is compatible with the page mode Mask ROM
read operation. This mode provides faster read access speed for random locations within a page.
The page size of the device is 8 words/16 bytes. The appropriate page is selected by the higher
address bits A(max)-A3. Address bits A2-A0 in word mode (A2 to A-1 in byte mode) determine the
specific word within a page. The microprocessor supplies the specific word location.

The random or initial page access is equal to tacc or tce and subsequent page read accesses (as
long as the locations specified by the microprocessor falls within that page) is equivalent to tpacc.
When CE# is de-asserted and reasserted for a subsequent access, the access time is tacc or tck.
Fast page mode accesses are obtained by keeping the “read-page addresses” constant and
changing the “intra-read page” addresses.

Figure 6. page read mode function(word mode)

A[23:3] m Same page X Other Same page W
Aol 777X Aa Ab Ac X Ad X Aa’ X_av X _ac X ad X[/
i« tacc | :tPACC! :tPACCi "tpacc | iw tace i "teacc | !"tpacc’) } teacc”!
DQ[15:0] HEE (Qa X X X qd Q X ab X Qo X ad
)
CE# — !
OE
OE# N 21
1bl
WE#
1'b1
RESET#
RYBY# ehZ
1'bl
BYTE#
Figure 7. page read mode function(byte mode)
A[23:3] ZZZD< Same page X Other Same page ><EZZ
apol ////X Aa X Ab X Ac X Ad X Aa X Ab A X ad XI/[]
DQ[IS]/A-IZZZZX A-la X A-lb X Al-lc>l< Al-ld)l( A-la’ | >( A-l‘b‘>‘< A-l‘c‘>‘< Acld X/
! facc 1 "tracc! "tracc! "tracc | lﬁ: tace ! teacc!  teacc”! ! teacc’!
: High-Z % AC < - - -
DQI7:0] (Qa X Qb X Q X Qd Qa X_ Qb X Q¢ X «Qd
o
CE# — !
! OE
OE# N 2
1'bl
WE#
1'bl
RESET#
RY/BY# HiehZ
BYTE# 1b0
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5.3 Program Operations
5.3.1 Single Word/Byte Program

Single Word/Byte Programming mode is one method of programming the Flash. In this mode, four
Flash instruction write cycles are used to program an individual Flash address. The data for this
programming operation could be 8 (Byte) or 16-bits (Word) wide.

During Single Word/Byte Programming operation, the system must drive CE# and WE# to ViL and
OE# to Vi when providing address, instruction, and data. Addresses are latched on the last falling
edge of WE# or CE#, while data is latched on the 1st rising edge of WE# or CE#. And CE # can be
kept low or pulled high again for each cycle.

The Unlock Bypass feature allows the host system to send program instructions to the Flash
device without first writing unlock cycles within the instruction sequence. See Unlock Bypass for
details on the Unlock Bypass function.

When the Embedded Program algorithm is complete, the device then returns to the read mode
and addresses are no longer latched.

Note
1. During programming, any instruction (except the Suspend Program instruction) is ignored.

2. The system can determine the status of the program operation by reading the DQ status bits.
Refer to Write Operation Status for information on these status bits.

BUSY can be detected after the program data in the fourth cycle “Program” is sent normally.

The Secured Silicon Sector, Autoselect, and CFI functions are unavailable when a program
operation is in progress.

5. A hardware reset immediately terminates the program operation. The program instruction
sequence should be reinitiated once the device has returned to the read mode, to ensure data
integrity.

When the Embedded Program algorithm is complete, the device returns to the read mode.
An “0” cannot be programmed back to a “1”. A succeeding read shows that the data is still “0”.

Only erase operations can convert a “0” to a “1”.

© ® N o

Any instructions written to the device during the Embedded Program are ignored except the
Suspend instructions.

10. A hardware reset and/or power removal immediately terminates the Program operation and
the Program instruction sequence should be reinitiated once the device has returned to the
read mode to ensure data integrity.

11. Programming to the same word address multiple times without intervening erases is
permitted.
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Write Unlock Cycles:
Address 555h, Data AAh
Address 2AAh,Data 55h

\J

Write Program Instruction:
Address 555h, Data AOh

\J

Program Data to Address:

Unlock Cycle 1
Unlock Cycle 2

Setup Command

Program Address(PA)
Program Data(PD)

PA, PD
DQ7/DQ6 indicate busy status V\
///// \\
_— \\\\
—<< Polling Status = Busy?
T~ ///
\\\ ////
Yes
NO — 7/\\\\\
_ No
s DQ5=1? P
— -
\7 //
1 Yes
\ 4
PASS FAIL
i Issue reset instruction to
Device is in read mode return to read mode
Software Functions and Sample Code
Single Word/Byte Program
Cycle Operation Byte Address | Word Address Data
Unlock Cycle 1 Write AAAh 555h 00AAh
Unlock Cycle 2 Write 555h 2AAh 0055h
Program Setup Write AAAh 555h 00AOh
Program Write Byte Address Word Address Data
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A2301  ///X 555 X 2AA X 555 X Pa3ol  X///X
CE#
WE#
pQri5:0] -Hgh-Z AAh 55h AOh PD
OE# b
RESET# 101
RymBy# Hah-Z 100
BYTE# 751
Figure 10. Single Word/Byte Program (byte mode)
AR30)  ///X 555 X 2AA 555 X pap3o]  X///X
paitsya1 ///X 0 X 1 X 0 XA X///X
CE#
WE#
pa:o] ez AAh 55h Alh PD
DQi4g) High-Z
OE# 101
RESET# 101
RYBY# Hah-Z 100
BYTE# 10
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5.3.2 Write Buffer Program

Write Buffer Programming allows the system to write a maximum of 32 words in one programming
operation. This results in a faster effective word programming time than the standard “word”
programming algorithms. The Write Buffer Programming instruction sequence is initiated by first
writing two unlock cycles. This is followed by a third write cycle containing the Write Buffer Load
instruction written at the Sector Address in which programming occurs.

During Write Buffer Programming operation, the system must drive CE# and WE# to Vi and OE#
to Vi when providing address, instruction, and data. Addresses are latched on the last falling edge
of WE# or CE#, while data is latched on the 1st rising edge of WE# or CE#. And CE # can be kept
low or pulled high again for each cycle.

The Unlock Bypass feature allows the host system to send program instructions to the Flash
device without first writing unlock cycles within the instruction sequence. See Unlock Bypass for
details on the Unlock Bypass function.

At this point, the system writes the number of “word locations minus 1” that are loaded into the
page buffer at the Sector Address in which programming occurs. This tells the device how many
write buffer addresses are loaded with data and therefore when to expect the “Program Buffer to
Flash” confirm instruction. The number of locations to program cannot exceed the size of the write
buffer or the operation aborts. (Number loaded = the number of locations to program minus 1. For
example, if the system programs 6 address locations, then 05h should be written to the device.)

The system then writes the starting address/data combination. This starting address is the first
address/data pair to be programmed, and selects the “write-buffer-page” address. All subsequent
address/data pairs must fall within the elected write-buffer-page.

The “write-buffer-page” is selected by using the addresses Auax—Ab.

The “write-buffer-page” addresses must be the same for all address/data pairs loaded into the
write buffer. (This means Write Buffer Programming cannot be performed across multiple
“write-buffer-pages”. This also means that Write Buffer Programming cannot be performed across
multiple sectors. If the system attempts to load programming data outside of the selected
“write-buffer-page”, the operation ABORTSs.)

After writing the Starting Address/Data pair, the system then writes the remaining address/data
pairs into the write buffer.

Note that if a Write Buffer address location is loaded multiple times, the “address/data pair”
counter is decremented for every data load operation. Also, the last data loaded at a location
before the “Program Buffer to Flash” confirm instruction is the data programmed into the device. It
is the software's responsibility to comprehend ramifications of loading a write-buffer location more
than once. The counter decrements for each data load operation, NOT for each unique
write-buffer-address location. Once the specified number of write buffer locations have been
loaded, the system must then write the “Program Buffer to Flash” instruction at the Sector Address.
Any other address/data write combinations abort the Write Buffer Programming operation. The
Write Operation Status bits should be used while monitoring the last address location loaded into
the write buffer. This eliminates the need to store an address in memory because the system can
load the last address location, issue the program confirm instruction at the last loaded address
location, and then check the write operation status at that same address. DQ7, DQ6, DQ5, and
DQ1 should be monitored to determine the device status during Write Buffer Programming.

The write-buffer “embedded” programming operation can be suspended using the standard
suspend/resume instructions. Upon successful completion of the Write Buffer Programming
operation, the device returns to READ mode.

The Write Buffer Programming Sequence is ABORTED under any of the following conditions:

1. Load a value that is greater than the page buffer size during the “Number of Locations to
Program” step.

2. Write to an address in a sector different than the one specified during the Write-Buffer-Load
instruction.
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Write an Address/Data pair to a different write-buffer-page than the one selected by the
“Starting Address” during the “write buffer data loading” stage of the operation.

Writing anything other than the Program to Buffer Flash Instruction after the specified number
of “data load” cycles.

The ABORT condition is indicated by DQ1 = 1, DQ7 = DATA# (for the “last address location
loaded”), DQ6 = TOGGLE, DQ5 = 0. This indicates that the Write Buffer Programming Operation
was ABORTED. A “Write-to-Buffer-Abort reset” instruction sequence is required when Write Buffer
Programming Operation was ABORTED.

Write buffer programming is allowed in any sequence of memory (or address) locations. These
flash devices are capable of handling multiple write buffer programming operations on the same
write buffer address range without intervening erases.

Note

1.
2.

© ® N>

11.

During programming, any instruction (except the Suspend Program instruction) is ignored.

The system can determine the status of the program operation by reading the DQ status bits.
Refer to Write Operation Status for information on these status bits.

BUSY can be detected after the “0029h” in the last cycle “Write Buffer to Flash” is sent
normally or after ABORT condition.

The Secured Silicon Sector, Autoselect, and CFI functions are unavailable when a program
operation is in progress.

A hardware reset immediately terminates the program operation. The program instruction
sequence should be reinitiated once the device has returned to the read mode, to ensure data
integrity.

When the Embedded Program algorithm is complete, the device returns to the read mode.
An “0” cannot be programmed back to a “1”. A succeeding read shows that the data is still “0”.
Only erase operations can convert a “0” to a “1”.

Any instructions written to the device during the Embedded Program are ignored except the
Suspend instructions.

. A hardware reset and/or power removal immediately terminates the Program operation and

the Program instruction sequence should be reinitiated once the device has returned to the
read mode to ensure data integrity.

Programming to the same word address multiple times without intervening erases is
permitted.
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Software Functions and Sample Code
Write Buffer Program
Cycle Description Operation | Byte Address |Word Address Data
1 Unlock Write AAAh 555h 00AAh
2 Unlock Write 555h 2AAh 0055h
3 Write Buffer Load Instruction Write Sector Address 0025h
4 Write Word Count Write Sector Address Word/(l?\}f?)Count
5 Load Buffer Word/Byte N Write PA; Word/Byte 1
N+4 Load Buffer Word/Byte N Write PAN Word/Byte N
Last Write Buffer to Flash Write Sector Address 0029h
Note

1. PA = Address of the memory location to be programmed.

2. Number of words (Word N) loaded into the write buffer can be from 1 to 32 words (1 to 64 bytes).

3. Last = Last cycle of write buffer program operation; depending on number of words written, the total number
of cycles may be from 6 to 37(x16) or 6 to 69(x8).

4.  For maximum efficiency, it is recommended that the write buffer be loaded with the highest number of words
or bytes (N words or N bytes) possible.

Figure 11. Write Buffer Programming Operation

Write Unlock Cycles:
Address 555h, Data AAh
Address 2AAh,Data 55h

Write Buffer Load Instruction:
Address SA, Data 25h

Load Word Count to Program
Program Data to Address
SA, WC/BC

Load Buffer Word/Byte N
Program Address, Word/Byte
N

l

Confirm insruction

|
—No<</56||ing Status = Busy? ——
\\\\ /////
Yes
T
— Error ? — No
DQ5=1

DQ1=1

A
RESET FAIL

Unlock Cycle 1
Unlock Cycle 2

WC =number of words -1
BC = number of bytes -1

DQ7/DQ6 indicate busy

PASS
Device is in read mode

Issus Write Buffer Abort
Reset instruction

Issue reset instruction
to return to read mode
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Figure 12. Write Buffer Programming (word mode)
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A[23:0] 555 2AA SA SA

PA,

SA

CE#

WE#

25h

WcC

DQ[15:0] High-Z AAh 55h

29

PDy

OE# 1b1

RESET# 1'b1
High-Z

RY/BY#

BYTE# 1'b1

Figure 13. Write Buffer Programming (byte mode)

A[230] ///) 555 2AA SA SA X

PA,

X PAN SA X///X

DQ[15)/A-1 // 0 ) 1 SA-1] SA[-1]

PA[-1]

O PAYH] SA-1] (

/N /N /N

CE# \ /7 \

WE# / \ \_

DQ[7:0] High-Z AAh 55h 25h we

PD,

DQ[14:8] HighZ

OE# 1b1

RESET# 1'b1
High-Z

- 1'b0

RY/BY#

BYTE# 10
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5.3.3 Accelerated Program

Accelerated Single Word/Byte Programming and write buffer programming operations are enabled
through the WP#/ACC pin. This method is faster than the standard program instruction
sequences.

Note

1.

If the system asserts Vun on this input, the device automatically enters the aforementioned
Unlock Bypass mode and uses the higher voltage on the input to reduce the time required for
program operations. The system can then use the Write Buffer Load instruction sequence
provided by the Unlock Bypass mode. Note that if a “Write-to-Buffer-Abort Reset” is required
while in Unlock Bypass mode, the full 3-cycle RESET instruction sequence must be used to
reset the device. Removing Vun from the ACC input, upon completion of the embedded
program operation, returns the device to normal operation.

Sectors must be unlocked prior to raising WP#/ACC to VHH.

The WP#/ACC pin must not be at Vun for operations other than accelerated programming, or
device damage may result.

It is recommended that WP#/ACC apply Vuu after power-up sequence is completed. In
addition, it is recommended that WP#/ ACC apply from Vun to Vin/ViL before powering down
VeeVio.
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5.4 Erase Operations
5.4.1 Sector Erase

The sector erase function erases one or more sectors in the memory array. After a successful
sector erase, all locations within the erased sector contain FFFFh. During sector erase operation,
the system must drive CE# and WE# to V. and OE# to Vi1 when providing address, instruction,
and data. Addresses are latched on the last falling edge of WE# or CE#, while data is latched on
the 1st rising edge of WE# or CE#. And CE # can be kept low or pulled high again for each cycle.

The Unlock Bypass feature allows the host system to send program instructions to the Flash
device without first writing unlock cycles within the instruction sequence. See Unlock Bypass for
details on the Unlock Bypass function.

After the instruction sequence is written, the sector erase time-out tsea (50 us) occurs. During the
time-out period, additional sector addresses may be written. Loading the sector erase buffer may
be done in any sequence, and the number of sectors may be from one sector to all sectors. The
time between these additional cycles must be less than 50 ps. Any sector erase address and
instruction following the exceeded time-out (50 ys) may or may not be accepted. Any instruction
other than Sector Erase or Erase Suspend during the time-out period resets that sector to the read
mode. The system can monitor DQ3 to determine if the sector erase timer has timed out The
time-out begins from the rising edge of the final WE# pulse in the instruction sequence.

When the Embedded Erase algorithm is complete, the sector returns to reading array data and
addresses are no longer latched. The system can determine the status of the erase operation by
reading DQ7/DQ5/DQ6/DQ2 in the erasing sector.

Once the sector erase operation has begun, only the Erase Suspend instruction is valid. All other
instructions are ignored. However, note that a hardware reset immediately terminates the erase
operation. If that occurs, the sector erase instruction sequence should be reinitiated once that
sector has returned to reading array data, to ensure the sector is properly erased.

The Unlock Bypass feature allows the host system to send erase instructions to the Flash device
without first writing unlock cycles within the instruction sequence.

If not all selected sectors are protected, the sector erase function erases the unprotected sectors,
and ignores the selected sectors that are protected.

Figure 14 illustrates the algorithm for the erase operation.

Table 5. Sector Erase

Cycle Description Operation Byte Address Word Address Data
1 Unlock Write AAAh 555h 00AAh
2 Unlock Write 555h 2AAh 0055h
3 Setup Instruction Write AAAh 555h 0080h
4 Unlock Write AAAh 555h 00AAh
5 Unlock Write 555h 2AAh 0055h
6 Sector Erase Instruction Write SAo SAo 0030h
N+6 Sector Erase Instruction Write SAN SAN 0030h
Note

1. SA = Sector Address.
2. Unlimited additional sectors may be selected for erase; instruction(s) must be written within 50 us.
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Figure 14. Sector Erase Operation
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Write Unlock Cycles:
Address 555h, Data AAh
Address 2AAh, Data 55h

!

Write Sector Erase Cycles:
Address 555h, Data 80h
Address 555h, Data AAh
Address 2AAh, Data 55h
Sector Address, Data 30h

Select
Additional

No

Unlock Cycle 1
Unlock Cycle 2

Command Cycle 1
Command Cycle 2
Command Cycle 3
Specify first sector for erasure

Sectors?

Write Additional Cycles:
Sector Address, Data 30h

Poll DQ3.
DQ3 =17

Last Sector
Selected?

Some Sector addresses
may not be written

« Each additional cycle must be written within tSEA timeout

« No limit on number of sectors

« Commands other than Erase Suspend or selecting additional
sectors for erasure during timeout reset device to reading array
data

|1
»| €

Polling Status
= Busy?

A\

PASS. Device returns
to reading array.

FAIL. Write reset instruction
to return to reading array.

DQ7/DQ6 indicate busy status

Figure 15. Sector Erase (word mode)

A[23:0] 555h 2AAR 555h 555h 2AAR SA - any SA
CE# . - /S
WEH# e T\
pQ[15:0) ez AAh 55h 80h AAh 55h 30h 30n
OE# 1b1
RESET# 101
Rymys HanZ 150
BYTE# 101
Figure 16. Sector Erase (byte mode)
A30] ///X 5550 X 2AAR { 5550 555h 2AAR SA[23:0] any SA230] X///
partsya-t /7)) 0 ) 1 ) 0 0 ) 1 Y sALT (anysar X///
CE# \ /N / / \ ' / ] \—'_/
wes T | | \ N e
aelygly AL AAR (55h ) (“eon ) (“AAh ) 55h “soh — . ——( 30 ——
DQi4g) He-Z
OE# TO1
RESET# 101
RYBY# Tidhz 150
BYTE# 1bo
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5.4.2 Chip Erase

After a successful chip erase, all locations of the chip contain FFFFh. The system is not required
to provide any controls or timings during these operations. During chip erase operation, the
system must drive CE# and WE# to ViL and OE# to ViH when providing address, instruction, and
data. Addresses are latched on the last falling edge of WE# or CE#, while data is latched on the
1st rising edge of WE# or CE#. And CE # can be kept low or pulled high again for each cycle.

The Unlock Bypass feature allows the host system to send program instructions to the Flash
device without first writing unlock cycles within the instruction sequence. See Unlock Bypass for
details on the Unlock Bypass function.

When the Embedded Erase algorithm is complete, that sector returns to the read mode and
addresses are no longer latched. The system can determine the status of the erase operation by
using DQ7 or DQ6/DQ2. Refer to “Write Operation Status” for information on these status bits.

The Unlock Bypass feature allows the host system to send program instructions to the Flash
device without first writing unlock cycles within the instruction sequence.

Any instructions written during the chip erase operation are ignored. However, note that a
hardware reset immediately terminates the erase operation. If that occurs, the chip erase
instruction sequence should be reinitiated once that sector has returned to reading array data, to
ensure the entire array is properly erased.

If not all selected sectors are protected, the chip erase function erases the unprotected sectors,
and ignores the selected sectors that are protected.

Figure 17. Chip Erase Operation

Write Unlock Cycles:
Address 555h, Data AAh Unlock Cycle 1
Address 2AAh, Data 55h Unlock Cycle 2

;

Write Sector Erase Cycles:

Address 555h, Data 80h Command Cycle 1
Address 555h, Data AAh Command Cycle 2
Address 2AAh, Data 55h Command Cycle 3
Address 555h, Data 10h Chip Erase Command

No

Polling Status
= Busy?

DQ7/DQ6 indicate busyf
status

A4
PASS. Device returns FAIL. Write reset instruction
to reading array. to return to reading array.
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Table 6. Chip Erase
o . Byte Word
Cycle Description Operation Ad dyress Address Data
1 Unlock Write AAAh 555h 00AAh
2 Unlock Write 555h 2AAh 0055h
3 Setup Instruction Write AAAh 555h 0080h
4 Unlock Write AAAh 555h 00AAh
5 Unlock Write 555h 2AAh 0055h
6 Sector Erase Instruction Write AAAh 555h 0010h
Figure 18. Chip Erase (word mode)
az01 ///X 555h X 2aan X 555h 555h 2aah X 555h X///
CE#
WE#
DQ[is:0) AliehZ AAh 55h 80h AAh 55h 10h
OF# 1'b1
RESET# 1bl
RYBY4 gL 150
BYTE# bl
Figure 19. Chip Erase (byte mode)
apzol ///X 555h X 2aan X 555h 555h 2aah X 555h X///
DQ[15A-1 0 1 X 0 0 1 X 0 X///
CE#
WE#
DQ[7:0] HighZ AAh 55h 30h AAh 55h 10h
DQ[14:g] HighZ
OE# b1
RESET# 1b1
RYBY# JHEhZ 160
BYTE# 1bo
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5.5 Suspend/Resume Operations
5.5.1 Program Suspend/Program Resume Instructions

The Program Suspend instruction allows the system to interrupt an embedded programming
operation or a “Write to Buffer” programming operation so that data can read from any
non-suspended buffer-page( buffer-page is selected by using the addresses Auax—A5). When the
Program Suspend instruction is written during a programming process, the device halts the
programming operation within tes. (45 ps maximum (20 ps typical)) and updates the status bits.
Addresses are “don't-cares” when writing the Program Suspend instruction.

After the programming operation has been suspended, the system can read array data from any
non-suspended buffer-page. The Program Suspend instruction may also be issued during a
programming operation while an erase is suspended. In this case, data may be read from any
addresses not within both a Big block in Erase Suspend and a buffer-page in Program Suspend.
while an program is suspended, if a read is needed from the Secured Silicon Sector area, then
user must use the proper instruction sequences to enter and exit this region.

The system may also write the Autoselect Instruction Sequence when the device is in Program
Suspend mode. The device allows reading Autoselect codes in the suspended sectors, since the
codes are not stored in the memory array. When the device exits the Autoselect mode, the device
reverts to Program Suspend mode, and is ready for another valid operation. See Autoselect for
more information.

After the Program Resume instruction is written, the device reverts to programming. The system
can determine the status of the program operation using the write operation status bits, just as in
the standard program operation. See Write Operation Status for more information.

The system must write the Program Resume instruction (address bits are “don't care”) to exit the
Program Suspend mode and continue the programming operation. Further writes of the Program
Resume instruction are ignored. Another Program Suspend instruction can be written after the
device has resumed programming.

Acceptable instructions During Program Suspend after tps.

Instruction Notes

Read data can read from any non-suspended buffer-page.

Program Resume

Reset
«» Enter
SR
‘—é 8 Read data can read from any non-suspended buffer-page.
=5
Reset

Secured Silicon Sector
Entry

Read

Secured
Silicon
Sector

Secured Silicon Sector Exit

Manufacturer 1D

Device ID
Sector Protect Verify

Secure Device Verify

Autoselect ct

Reset
CFI Query
Read

CFlI

Reset
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Figure 20. Program Suspend (word mode)

2301 [///X oo’ teare  X//// 1111 11TTITTTTTTITTTT

CE#
e ' tpsL : ~ Accept
High-Z ! : instruction
DQ[15:0] — Boh
1'b1 :
OE# |
1'b1 |
RESET# : :
' High-Z
RY/BY# _1%0
1'b1
BYTE#

Figure 21. Program Suspend (byte mode)

apsol ////X vow vare  X////IIITTITITTTTTTTTTTTT
parisya-t ////X pon' vere N/

CE#
WE# | |
| tpsy, | Accept instruction
High-Z L [
DQ[15:0] BOh :
DQ14:8] e !
1'bl |
OE# 1bl !
RESET# | Hight,
|
RY/BY# 10
BYTE# 10

Figure 22. Program Resume (word mode)

ap30l [J//X Don’ t care X117

CE#

WE#

DQ[15:0] -lsh-Z 30h
1bl

OF#
RESET#
High-Z
RY/BY# 10
1'b1
BYTE#

1b1
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Figure 23. Program Resume (byte mode)
apzo ////X Don’ t care X111/
paiisya-t ////X pon’ tare  X//////]]]
CE#
WE#
High-Z
DQ[7:0] 30h
High-Z
DQ[14:8]
1b1
OF#
1'b1
RESET#
RYBY# —eZ %0
BYTE# _1bo
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5.5.2 Erase Suspend/Erase Resume Instructions

The Erase Suspend instruction allows the system to interrupt a sector erase operation and then
read data from, or program data to, any Big Block not selected for erasure. The sector addresses
are “don't-cares” when writing this instruction. This instruction is valid only during the sector erase
operation, including the tsea time-out period during the sector erase instruction sequence. The
Erase Suspend instruction is ignored if written during the chip erase operation.

When the Erase Suspend instruction is written during the sector erase operation, the device
requires a maximum of tes. (45us (20us typical)) to suspend the erase operation. However, when
the Erase Suspend instruction is written during the sector erase time-out, the device immediately
terminates the time-out period and suspends the erase operation.

After the erase operation has been suspended, the device enters the erase-suspend-read mode.
The system can read data from or program data to Big Block not selected for erasure. (The device
“erase suspends” all sectors selected for erasure.) Reading at any address within
erase-suspended sectors produces status information on DQ7-DQO0. The system can use DQ7, or
DQ6, DQ5, and DQ2 together, to determine if a sector is actively erasing or is erase-suspended.

After an erase-suspended program operation is complete, the device returns to the
erase-suspend-read mode. The system can determine the status of the program operation using
write operation status bits, just as in the standard program operation.

In the erase-suspend-read mode, the system can also issue the Autoselect instruction sequence.

To resume the sector erase operation, the system must write the Erase Resume instruction. The
address of the erase-suspended sector is a “don't-care” when writing this instruction. Further
writes of the Resume instruction are ignored. Another Erase Suspend instruction can be written
after the chip has resumed erasing.

Acceptable instructions During Erase Suspend after tes.

Instruction Notes

Read read data from any Big Block not selected for sector erase.

Single Word/Byte Program program data to any Big Block not selected for sector erase.

Write to Buffer program data to any Big Block not selected for sector erase.

Program Buffer to Flash (Confirm)
Write-to-Buffer-Abort Reset

Program Suspend

Erase Resume

Reset

Enter

Read read data from any Big Block not selected for sector erase.

Single Word/Byte Program program data to any Big Block not selected for sector erase.

Write to Buffer program data to any Big Block not selected for sector erase.

Program Buffer to Flash (Confirm)
Write-to-Buffer-Abort Reset

Reset

Unlock Bypass

Secured Silicon Sector Entry
Read

Single Word/Byte Program
Write to Buffer
Program Buffer to Flash (Confirm)
Write-to-Buffer-Abort Reset

Secured Silicon Sector Exit

Secured Silicon Sector
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Autoselect

Manufacturer ID

Device ID

Sector Protect Verify

Secure Device Verify

Reset

CFlI

CFI Query

Read

Reset

Figure 24. Erase Suspend (word mode)
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I

High-Z
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Figure 25. Erase Suspend (byte mode)
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Figure 26. Erase Resume (word mode)

A230] ///X Don’ tcare  X//
CE# \ /

WE#
DQ[15:0] 92 30h

OE# 1'b1

RESET# 1b1
High-Z 50

RY/BY#

BYTE# 1b1

Figure 27. Erase Resume (byte mode)

A[23:0] />< Don’ tcare ></
pa[15yA-1 ///X Don’ tcare X/

CE#

WE#

DQ[7:0] G-z 30h

DQ[14:8] 9z

OE# 1'b1

RESET# 1b1

RyBY# -Hah-Z 1'b0

BYTE# 1b1
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5.6 Unlock Bypass

This device features an Unlock Bypass mode to facilitate shorter program/erase instructions. Once
the device enters the Unlock Bypass mode, only two write cycles are required to program data,
instead of the normal four cycles. The Instruction Definitions shows the requirements for the
unlock bypass instruction sequences.

During the unlock bypass mode, only the Read, Program, Write Buffer Programming,
Write-to-Buffer-Abort Reset, Unlock Bypass Sector Erase, Unlock Bypass Chip Erase and Unlock
Bypass Reset instructions are valid. To exit the unlock bypass mode, the system must issue the
two-cycle unlock bypass reset instruction sequence. The first cycle address is “don't care” and the
data 90h. The second cycle need only contain the data 00h. The sector then returns to the read
mode.

Software Functions and Sample Code

Unlock Bypass Entry

Cycle Description Operation Byte Address Word Address Data
1 Unlock Write AAAh 555h 00AAh
2 Unlock Write 555h 2AAh 0055h
3 Entry Instruction Write AAAh 555h 0020h

Unlock Bypass Program

Cycle Description Operation Byte Address Word Address Data
1 Program Setup Write XXXh XXXh 00AOh
2 Program Instruction Write Program Address Program Address Prgg{:m

Unlock Bypass Reset

Cycle Description Operation Byte Address Word Address Data
1 Reset Cycle 1 Write XXXh XXXh 0090h
2 Reset Cycle 2 Write XXXh XXXh 0000h

Figure 28. Unlock Bypass Entry (word mode)

A2z01 ///X 555h X 2AAh X 555h X

N e N e N

WE#

oartso
OE# 1'b1

RESET# 101

RYBY# -Hioh-Z

BYTE# 101
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Figure 29. Unlock Bypass Entry (byte mode)

Al23:01 ///X 555h X 2AAh X 555h X
pa[1syA-1 ///X 0 X 1 X 0 X
cer N\ /N /N

WE#

DQ[7:0] ez AAh 55h 20h

DQ[14:8] Hgh-2

OE# 1'b1

RESET# 1b1
High-Z

RYBY#
BYTE# 1bo

Figure 30. Unlock Bypass Reset (word mode)

A[23:0] />< Don’ tcare >< Don’ tcare ><
ce# N/ N/
WE#

Dar15:0]
OE#  1b1

RESET# 101

RY/BY# 1902

BYTE# 101

Figure 31. Unlock Bypass Reset (byte mode)

A[23:0] />< Don’ tcare >< Don’ tcare >< /
DQ[15)A-1 ///X Don’ tcare X Don’ tcare X

WE#

pQ[7:0] -Heh-Z 90h 00h

DQ[14:8] 92

OE# 1'b1

RESET# 101

RYBY# -9n-Z

BYTE# 1p0
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5.7 Secured Silicon Sector Flash Memory Region

The Secured Silicon Sector provides an extra Flash memory region that enables permanent part
identification through an Electronic Serial Number (ESN). The Secured Silicon Sector is 128 words
in length. It does not care about the high address beyond 128 words, that is, the address sent
every time is always within the range of 128 words. The Secured Silicon Sector Protection Bit
(DQO at Lock Register) and Secured Silicon Sector Indicator Bit (DQ7, at Autoselect address 03h)
are used to indicate whether or not the Secured Silicon Sector is locked when shipped from the
factory.

Please note the following general conditions:

1. On power-up, or following a hardware reset, the device reverts to sending instructions to the
normal address space (memory array).

2. Once the Secured Silicon Sector Entry Instruction is issued, the Secured Silicon Sector Exit
instruction must be issued to exit Secured Silicon Sector Mode.

3. The Secured Silicon Sector mode is not accessible when the device is executing an
Embedded Program or Embedded Erase algorithm.

4. The accelerated Program and unlock bypass modes are not available when the Secured
Silicon Sector is enabled.

Table 7. Secured Silicon Sector Addresses

Secured Silicon Factory Locked
Sector Customer Lockable
Address Range ESN Factory Locked | ExpressFlash Factory Locked
000000h—-000007h ) ESN ESN or determined by customer
Determined by customer - -
000008h—-00007Fh Unavailable Determined by customer

5.7.1 Factory Locked Secured Silicon Sector

The Factory Locked Secured Silicon Sector is always protected when shipped from the factory
and has the Secured Silicon Sector Indicator Bit (DQ7) permanently set to a “1”. This prevents
cloning of a factory locked part and ensures the security of the ESN and customer code once the
product is shipped to the field. The Factory Locked Secured Silicon Sector includes ESN Factory
Locked and ExpressFlash Factory Locked.

These devices are available pre-programmed with one of the following:

1. Arandom, 8 Word secure ESN only within the Secured Silicon Sector (at addresses 000000H
- 000007H) in ESN Factory Locked mode.

2. Both arandom, secure ESN and customer code in ExpressFlash Factory Locked mode.

Customers may opt to have their code programmed through the programming services, which
program the customer's code, with or without the random ESN. The devices are then shipped from
the factory with the Secured Silicon Sector permanently locked. Contact your local representative
for details on using programming services.
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5.7.2 Customer Lockable Secured Silicon Sector

The Customer Lockable Secured Silicon Sector is always shipped unprotected (DQ7 set to“0”),
allowing customers to utilize that sector in any manner they choose. If the security feature is not
required, the Secured Silicon Sector can be treated as an additional Flash memory space.

Please note the following:

1. The Secured Silicon Sector can be read any number of times, but can be locked only once,
and each bit can only be programmed from “1” to “0”.

2. The Secured Silicon Sector can be locked through the Secured Silicon Sector Protection Bit
(DQO at Lock Register) is permanently set to “0”.

3. The Secured Silicon Sector lock must be used with caution as once locked, there is no
procedure available for unlocking the Secured Silicon Sector area, the Secured Silicon Sector
area will always be protected, none of the bits in the Secured Silicon Sector memory space
can be modified in any way.

4. The accelerated programming (ACC) and unlock bypass modes are not available when the
Secured Silicon Sector is enabled.

5. The system must write the Exit Secured Silicon Sector Region instruction sequence which
returns the device to the memory array at sector 0.

5.7.3 Secured Silicon Sector Entry/Exit Instruction Sequences

The system can access the Secured Silicon Sector region by issuing the three-cycle Enter
Secured Silicon Sector instruction sequence. The device continues to access the Secured Silicon
Sector region until the system issues the four-cycle Exit Secured Silicon Sector instruction
sequence.

The Secured Silicon Sector Entry Instruction allows the following instructions to be executed:
1. Read customer and factory Secured Silicon areas.
2. Program the customer Secured Silicon Sector.

After the system has written the Secured Silicon Sector Entry instruction sequence, it may read
the Secured Silicon Sector by using the addresses normally occupied by sector SAO within the
memory array. This mode of operation continues until the system issues the Secured Silicon
Sector Exit instruction sequence, or until power is removed from the device.

Secured Silicon Sector Entry

Cycle Operation Byte Address Word Address Data
Unlock Cycle 1 Write AAAh 555h 00AAh
Unlock Cycle 2 Write 555h 2AAh 0055h
Entry Cycle Write AAAh 555h 0088h
Figure 32. Secured Silicon Sector Entry (word mode)
n230] [///X 566h X 27N X 555h X1
CE#
WE#
High-Z
DQ[15:0] AAh 55h 88h
1'b1
OE#
1'b1
RESET#
RY/BY# L2
1'b1
BYTE#
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Figure 33. Secured Silicon Sector Entry (byte mode)
A2z0) [/]X 555h X 2AAh X 555h X/////]//
paptsyat////X 0 X 1 X 0 XUTTTTT
CE#
WE#
pqi7:0] Lo AAh 55h 88h
DQ[14:8] H9nZ
1'b1
OE#
1'b1
RESET#
RY/BY# D92
BYTE# 10
Secured Silicon Sector Exit
Cycle Operation Byte Address Word Address Data
Unlock Cycle 1 Write AAAh 555h 00AAh
Unlock Cycle 2 Write 555h 2AAh 0055h
Exit Cycle 3 Write AAAh 555h 0090h
Exit Cycle 4 Write XXXh XXXh 0000h
Figure 34. Secured Silicon Sector Exit (word mode)
A23:.01 ////X 555h X 2AAR X 555h X Don’ tcare  X////////
CE#
WE#
. High-z
DQ[15:0] AAh 55h 90h 00h
1'b1
OE#
1'b1
RESET#
1'b1
RYBY# ~
BYTE#
Figure 35. Secured Silicon Sector Exit (byte mode)
A3.0] ////X 555h X 2AAh X 555h X__Don” tcare _ X////1]//
par1syA-1////X 0 X 1 X 0 X___Don’ tcare  X/////]//
CE#
WE#
DQ7:] vz AAh 55h 90h 00h
DQ14:8] HiahZ
1'b1
OE#
1'b1
RESET#
1'b1
RY/BY#
BYTE# 1b0
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5.8 Autoselect

The Autoselect mode provides manufacturer ID, Device identification, and sector protection
information, through identifier codes output from the internal register (separate from the memory
array) on DQ7-DQO. This mode is primarily intended for programming equipment to automatically
match a device to be programmed with its corresponding programming algorithm. The Autoselect
codes can also be accessed in-system. There are two methods to access autoselect codes.

When using programming equipment, the autoselect mode requires on address pin A9. Address
pins must be as shown in table.

1.

To access Autoselect mode without using high voltage on A9, the host system must issue the
Autoselect instruction.

The Autoselect instruction sequence may be written to an address within a sector that is either
in the read or erase-suspend-read mode.

The Autoselect instruction may not be written while the device is actively programming or
erasing.

The system must write the reset instruction to return to the read mode (or erase-suspend-read
mode if the sector was previously in Erase Suspend).

It is recommended that A9 apply Vip after power-up sequence is completed. In addition, it is
recommended that A9 apply from Vip to Viv/ViL before power-down the Vcc/Vio.

See Instruction Definitions for instruction sequence details.

When verifying sector protection, the sector address must appear on the appropriate highest
order address bits. The remaining address bits are don't care. When all necessary bits have
been set as required, the programming equipment may then read the corresponding identifier
code on DQ15-DQO. The Autoselect codes can also be accessed in-system through the
instruction register.
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5.8.1 Autoselect Codes, (High Voltage Method)
DQ8 to DQ15
Amax A14 A8 A5 | A3
Description CE# | OE# | WE# to A16 to | A9 | to | A6 | to | to | A1 | A0 | BYTE IBYTE# DQ7 to DQO
A10 A7 Ad | A2 #=Vi | =ViL
Manufacturer ID: L L H X X |Vp| X L X L L L 00 X 01h
52| Cycle1 L|L|H| 2 | X 7Eh
= ©
Yol
§ S Cycle 2 L L H X X Vol x | L | x L 22 X 22h
[}
A | Cycle3 HIH|H| 22 | X 01h
m
Secor Group
Protection Ll L|H|sA|X|Vo|Xx|L|x|L|H|L]| x | x [0h(protected) 00
e (unprotected)
Verification
sector
Secured Silicon
Sector( IIjncd)g:)ator Bit 89h (factory
WP# protects LlL|H| X | X|Vo|XxX|L|X|L|H|H]| X X locked),
09h (not factory
lowest ad
d locked)
ress
sector
Legend
L = Logic Low = V., H = Logic High = Vi, SA = Sector Address, X = Don’t care. Vip = 11.5V to
12.5V
5.8.2 Autoselect Addresses in System
Description Address Read Data (word/byte mode)
Manufacturer ID 00h xx01h/1h
Device ID, Word 1 01h 227Eh/7Eh
Device ID, Word 2 OEh 2222h/22h (BY29G256FS)
Device ID, Word 3 OFh 2201h/01h
Secure Device Verify 03h XX09h/09h = Not Factory Locked. XX89h/89h = Factory Locked.
Sector Protect Verify (SA) + 02h xx01h/01h = Locked, xx00h/00h = Unlocked
5.8.3 Autoselect Entry in System
Cycle Operation Byte Address Word Address Data
Unlock Cycle 1 Write AAAh 555h 0x00AAh
Unlock Cycle 2 Write 555h 2AAh 0x0055h
Autoselect Instruction Write AAAh 555h 0x0090h
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5.8.4 Autoselect Exit

Cycle Operation Byte Address Word Address Data

Autoselect Exit Instruction Write XXXh XXXh 0x00FO0h

Note
1. Any offset within the device works.

Figure 36. Autoselect Entry (word mode)

A[23:0] /X 555h X 2aAh X 555h X
WE#
DQI15:0)
OF# 1'vl
RESET# 1bl
RY/BY# -hehZ
BYTE# bl

Figure 37. Autoselect Entry (byte mode)

Apsol ///X 555h X 2aAah X 555h X
pQ[1syA-1 ///X 0 X 1 X 0 X

wes \_/ \_/ \_/
bar7o)

DQ[14:g] -High-Z

OE# 1'bl

RESET# 1Dl

RY/BY# High-Z

BYTE# 11p0
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Figure 38. Autoselect Exit (word mode)

A[23:0] />< Don’ tcare >< /
CE# \ /

WE#

DQ[Is:0] e
OE# 1'bl

RESET# 1Dl

RY/BY# -High-Z

BYTE# bl

Figure 39. Autoselect Exit (byte mode)

A[23:0] />< Don’ tcare ><//
DQ[I5VA-1 ///X Don’ teare X/
ce N/

WE#

DQIT:0]

DQ[14:8] -HighZ

OF# 1'bl

RESET# 1Dl

RYBY# HighZ

BYTE# 1m0
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5.9 Reset Operations
5.9.1 Hardware Reset

The RESET# input provides a hardware method of resetting the device to reading array data.
When RESET# is driven low for at least a period of tre (RESET# Pulse Width), the device
immediately terminates any operation in progress, tristates all outputs, resets the configuration
register, and ignores all read/write instructions for the duration of the RESET# pulse. The device
also resets the internal state machine to reading array data.

To ensure data integrity Program/Erase operations that were interrupted should be reinitiated once
the device is ready to accept another instruction sequence.

When RESET# is held at Vss, the device draws Vcc reset current (lccs). If RESET# is held at Vi,
but not at VSS, the standby current is greater. RESET# may be tied to the system reset circuitry
which enables the system to read the boot-up firmware from the Flash memory upon a system
reset. See Figure 100 and Figure 101 for timing diagrams.

5.9.2 Software Reset
Software reset is part of the instruction set that also returns the device to array read mode and
must be used for the following conditions:

1. Exit CFl/Autoselect mode, return to read mode or suspend-read mode.

2. Exit the erase/program error condition (DQ5=1), but software reset is invalid when the
erase/program is executed normally.

Software Functions and Sample Code

Reset

Cycle Operation Byte Address Word Address Data
Reset Instruction Write xxxh xxxh 00FOh

Figure 40. Reset (word mode)

A[23:0] />< Don’ tcare ><

CE# \ /

WE#
DQ[15:0]
OE# 1'bl
RESET# 1bl
RY/BY# -~hghZ
BYTE# 1bl
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Figure 41. Reset (byte mode)
A[23:0] />< Don’ tcare ><
DQ[15)/A-1 />< Don’ tcare ><//
CE# \ /
WE#
pQ[7:0] -Hieh-Z FOh
DQ[14:8] ez
OE# 1I'bl
RESET# 1l
RY/BY# -HihZ
BYTE# 1ho
BY29G256FS
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5.10 Common Flash Memory Interface

The Common Flash Interface (CFIl) specification outlines device and host system software
interrogation handshake, which allows specific vendor-specified software algorithms to be used for
entire families of devices. Software support can then be device- independent, JEDEC
ID-independent, and forward- and back-ward-compatible for the specified flash device families.
Flash vendors can standardize their existing interfaces for long-term compatibility.

This device enters the CFl Query mode when the system writes the CFI Query instruction, 98h, to
address 55h any time the device is ready to read array data. The system can read CFI information
at the addresses given in Appendix. All reads outside of the CFIl address range, returns non-valid
data. Reads from other sectors are allowed, writes are not. To terminate reading CFl data, the
system must write the reset instruction.

The system can also write the CFI query instruction when the device is in the autoselect mode.
The device enters the CFIl query mode, and the system can read CFI| data at the addresses given
in Appendix. The system must write the reset instruction to return the device to reading array
data.

Figure 42. CFI query (word mode)

AR ///X 55h X
CE# \ /

WE#
DQ[15:0]
OE# 1'bl
RESET# 1bl
RY/BY# -~hghZ
BYTE# bl

Figure 43. CFl query (byte mode)

AR ///X 55h X
pQrisya-1 ///X 0 X//
CE# \ /

WE#
DQ[7:0] —eh-Z 98h
DQ[14:8] -hgh-Z
OE# I'bl
RESET# 1bl
RYBY# -HighZ
BYTE# 1m0
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5.11 Advanced Sector Protection/Unprotection

The Advanced Sector Protection/Unprotection feature disables or enables programming or erase
operations in any or all sectors and can be implemented through software and/or hardware
methods, which are independent of each other. The device offers the main type of data protection
at the sector level via hardware control: When WP#/ACC is at Vi, the lowest sector is locked
(device specific). This section describes the various methods of protecting data stored in the
memory array.

An overview of these methods in shown in Figure 44.

Figure 44. Advanced Sector Protection/Unptection

Hardware Methods Software Methods
WP#/ACC = V.

Lock Register

L t
(Lowes (One Time Programmable)

Sector Locked)

0=PPBs Locked 1=PPBs Unlocked

64-bit Password
(One Time Protect)

Y
PPB Lock Bit">®

0=PPBs Locked 1=PPBs Unlocked

Dynamic Persistent
Protection Bit Memory Array Protection Bit
(DYB)*® (PPB)°>’
DYB O > Sector 0 B mm— PPB O
DYB 1 —> Sector 1 - PPB 1
DYB 2 > Sector 2 ] PPB 2
— B

DYB 253 ——»  Sector 253 |€— PPB 253
DYB 254 —» Sector 254 |€— PPB 254
DYB 255 ——» Sector 2556 |e— PPB 255
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Note

1.  PPB Lock Bit is volatile, in Persistent Protection Mode, defaults to “1” and in Password Protection Mode,
defaults to “0”.

PPB Lock Bit Programming to “0” locks all PPBs to their current state.

PPB Lock Bit once programmed to “0” requires hardware reset, power-up or a password to “1”.

DYB: 0 = Sector Protected, 1 = Sector Unprotected.

DYB is Volatile Bit: the user can select the default value after power-up before shipping from the factory.
PPB: 0 = Sector Protected, 1 = Sector Unprotected.

PPBs programmed individually, but cleared collectively.

NOOhwWDN

Advanced Sector Protection Software Examples
Table 8. Sector Protection: DYB, PPB and PPB Lock Bit Combinations

Sector PPB Sector DYB
0 = protected 0 = protected Sector Protection Status
1 = un protected 1 = un protected
0 0 Protected through PPB
0 1 Protected through PPB
1 0 Protected through DYB
1 1 Unprotected

5.11.1 Lock Register

As shipped from the factory, all devices default to the persistent mode when power is applied, and
all sectors are unprotected, unless otherwise chosen through the DYB ordering option. The device
programmer or host system must then choose which sector protection method to use.
Programming (setting to “0”) any one of the following two one-time programmable, non-volatile bits
locks the part permanently in that mode:

1. Lock Register Secured Silicon Sector Protection Bit (DQO)

2. Lock Register Persistent Protection Mode Lock Bit (DQ1)

3. Lock Register Password Protection Mode Lock Bit (DQ2)
Table 9. Lock Register

DQ15-3 DQ2 DQ1 DQO
Don't Care Password Protection Persistent Protection Secured Silicon Sector
Mode Lock Bit Mode Lock Bit Protection Bit

Factory Locked Secured
Silicon Sector: Default = 0;

x Default =1 Default =1 Customer Lockable
Secured Silicon Sector:
Default = 1
OTP OTP OTP OTP
Note
1. If the password mode is chosen, the password must be programmed before setting the corresponding lock
register bit.

2. If both lock bits are selected to be programmed (to zeros) at the same time, the operation aborts, the device
then returns to the read mode.

3. Once the Password Mode Lock Bit is programmed, the Persistent Mode Lock Bit is permanently disabled,
and no changes to the protection scheme are allowed. Similarly, if the Persistent Mode Lock Bit is
programmed, the Password Mode is permanently disabled.

After selecting a sector protection method, each sector can operate in any of the following three
states:

1. Constantly locked. The selected sectors are protected and can not be reprogrammed unless
PPB lock bit is cleared via a password, hardware reset, or power cycle.
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2. Dynamically locked. The selected sectors are protected and can be altered via software
instructions.

3. Unlocked. The sectors are unprotected and can be erased and/or programmed.
Figure 45. Lock Register Enter (word mode)

A[23:0] /X 555h X 2aAh X 555h X/
TN\ SN

WE#

DQ[15:0] hehZ 55h 40h
OF# 1'bl

RESET# 10l

RY/BY# igh-Z

BYTE# bl

Figure 46. Lock Register Enter (byte mode)

Ap3o0l  ///X 555h X 24Ah X 555h X/
pQIsyA-1 ///X 0 X 1 X 0 X///

WEH
DQ[7.0] e 55h 40h
DQ[14:8] HishZ

OE# 1'bl
RESET# Ibl

RYBY# igh-Z

BYTE# |no

Figure 47. Lock Register Read(word mode)

AR30l  ///X 00 X///
ce¢ N\ /

WE#

DQ[I5:0] H#E——— RD )
OE# 1'bl

RESET# [I'bl

RY/BY# -HighZ

BYTE# bl
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Figure 48. Lock Register Read (byte mode)

AR3:01  ///X 00h X///
DQ[I5VA-1 // /X 0 X///
ce# N/

WE#

DQ7:0] L RD )

DQ[14:8] -High-Z

OE#  Ibl

RESET# Ibl

RYBY# ighZ

BYTE# 110

Figure 49. Lock Register Program (word mode)

AJ23:0] />< Don’ tcare >< Don’ t care ><

WE#
D50
OF# 1b1
RESET# 10l
RYBY# ligh-Z 10
BYTE# 1Dbl

Figure 50. Lock Register Program (byte mode)

A[23:0] />< Don’ tcare >< Don’ tcare ></
DQ[15A-1 />< Don’ tcare >< Don’ tcare ><//
e N N s

WE#

DQ[7:0] gz AOh

DQ[14:8] High-Z

OF# 1'bl

RESET# 1bl

RYBY# ighZ 1'b0

BYTE#  1po
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Figure 51. Lock Register Exit (word mode)
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A[23:0] />< Don’ tcare >< Don’ tcare ><

WE#

DQ[15:0] LHEhZ 00h
OE# 1'bl1
RESET# Il

RYBY# High-Z

BYTE# bl

Figure 52. Lock Register Exit (byte mode)

DQ[15)A-1 />< Don’ t care >< Don’ tcare

WE#

DQ[7:0] High-Z 90h 00h

DQ[14:8] High-Z

A[23:0] />< Don’ tcare >< Don’ tcare ></
X

OE# 11

RESET# 1Dl

RYBY# -1gh-Z

BYTE# 1m0
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5.11.2 Persistent Protection Bit Lock Bit

The Persistent Protection Bit Lock Bit is a global volatile bit for all sectors. When set (programmed
to “0”), it locks all PPBs and when cleared (programmed to “1”), allows the PPBs to be changed.
There is only one PPB Lock Bit per device.

Note

1. No software instruction sequence unlocks this bit unless the device is in the password
protection mode; only a hardware reset or a power-up clears this bit.

2. The PPB Lock Bit must be set (programmed to “0”) only after all PPBs are configured to the
desired settings.

3. Refer to Figure 51-Figure 52 for exit instruction.
Figure 53. PPB Lock Bit Set Enter (word mode)

ARzl ///X 555h X 2aAan X 555h X/

WE#

POl 150
OF# 1'bl

RESET# bl

RYBY# gz

BYTE# 10l

Figure 54. PPB Lock Bit Set Enter (byte mode)

Apsol ///X 555h X 2aan X 555h X/
pQ1syA-1 ///X 0 X 1 X 0 X/

WE#

I Y o (11D S G T3 S

DQ[14:8] High-Z

OF# 1'bl

RESET# 1bl

RYBY# HighZ

BYTE#

b0
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Figure 55. PPB Lock Bit Set Read (word mode)

A[23:0] />< Don’t care ></ /
cer N/
WE#

DQ[15:0] -Heh” { RD )
OE# 1'b1

RESET# bl

RYBY# -HighZ

BYTE# 1bl

Figure 56. PPB Lock Bit Set Read (byte mode)

A[23:0] / />< Don’t care ></
pQ[IsVA-1 ///X  Don'teare  X///

ce# N/
WE#

pQ[7:0] HighZ (RD )

DQ[14:8] ighZ

OE#  Ibl

RESET# Ibl

RY/BY# -HighZ

BYTE#  1po

Figure 57. PPB Lock Bit Set (word mode)
A[23:0] />< Don’ tcare >< Don’ tcare ><

WE#

DQLIS:0)
OE# 1bl

RESET# bl

RY/BY# High-Z

BYTE# bl
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Figure 58. PPB Lock Bit Set (byte mode)
A[23:0] /X Don’ tcare X Don’ tcare
DQIISVA-1 ///X_ Don’ tcare X Don’ tcare
WE#
DQ[7:0] -High-Z AOh 00h
DQ[14:8] g2
OE# I'bl
RESET# 101
RYBY# ez
BYTE# 110
BYT Semiconductor 62/99 BY29G256FS
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5.11.3 Persistent Protection Bits

The Persistent Protection Bits are unique and nonvolatile for each sector and have the same
endurances as the Flash memory.

Note

1. Each PPB is individually programmed and all are erased in parallel.

2. Reads within that sector return the PPB status for that sector.

3. The specific sector address are written at the same time as the program instruction.

4. If the PPB Lock Bit is set, the PPB Program or erase instruction does not execute.

5. There are no means for individually erasing a specific PPB and no specific sector address is
required for this operation.

6. Exit instruction must be issued after the execution which resets the device to read mode.
Refer to Figure 51-Figure 52 for exit instruction.

7. The programming state of the PPB for a given sector can be verified by writing a PPB Status
Read Instruction to the device as described by the flow chart shown in Figure 59.

8. PPB bits have the same function when WP#/ACC = Vun as they do when ACC =Vh.

Figure 59. PPB ALL ERASE Algorithm

Enter PPB
Instruction Set

Y

All PPB Erase Cycles:
Address xxxh, Data 80h
Address 00h, Data 30h

DQ7/DQ6 indicate busy status

No Polling Status
= Busy?

\

PASS. Device returns FAIL. Write reset instruction
to reading PPB array. to return to read mode.

»
|

\ 4

Exit PPB Instruction Set
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Figure 60. PPB Enter (word mode)

A[23:0] /X 555h X 2aAh X 555h X/
TN\ SN

WE#

DQis0) et Con
OF# 1'bl

RESET# bl

RY/BY# igh-Z

BYTE# bl

Figure 61. PPB Enter (byte mode)

Apsol ///X 555h X 2aan X 555h X//
pQisyA-1 ///X 0 X 1 X 0 X/
WE# \_/
DQI7.0] HEE——aah ) ssh y——{ Coh )——

DQ[14:8] igh-Z

OF# 1'bl

RESET# 1bl

RYBY# HighZ

BYTE# 1m0

Figure 62. PPB Read(word mode)

AR3ol  ///X SA X///
ce¢ N/

WE#

DQ[I5:0] H#E——— RD )
OE# 1'bl

RESET# [I'bl

RY/BY# -HighZ

BYTE# bl
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Figure 63. PPB Read (byte mode)

A[23:0] /X sAR3:0] X/
DQIsSYA-1 ///X  sar1l  X///
ce¢ N/

WE#

DQ[7:0] -High-Z { RD )

DQ[14:8] -ligh-Z

OE# 1I'bl

RESET# 1bl

RYBY# HighZ

BYTE# 1ho

Figure 64. PPB Program (word mode)

AJ23:0] />< Don’ tcare >< SA ></

WE#

DQ[15:0] ez 00h
OF# 1'bl

RESET# 10l

RYBY# High-Z

1'b0

BYTE# 1bl

Figure 65. PPB Program (byte mode)

A[23:0] />< Don’ tcare >< SA[23:0] ></
DQ[15)/A-1 />< Don’ tcare >< SA[-1] ></
N U

WE#

DQ[7:0] igh-Z AOh 00h

DQ[14:8] -High-Z

OFE# 1'bl

RESET# bl

RYBY# Hgh-Z

1'b0
BYTE#

b0
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AR301 ///X  Don’ teare X 00 X
c N\ / N/
WE#

basa
OFE# 1'bl

RESET# 1Pl

RYBY# High-Z

1'b0

BYTE# Ibl

Figure 67. PPB All Erase (byte mode)

A[23:0] />< Don’ tcare >< 00h ></
DQI5YA-1 ///X  Don’ teare X 0 X/
ced N\ /N /S
WEH#
a7
DQ[14:8] ligh-Z
OF# 1'bl
RESET# bl
RYBY# Az b0
BYTE# 110
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5.11.4 Dynamic Protection Bits

Dynamic Protection Bits are volatile and unique for each sector and can be individually modified.
DYBs only control the protection scheme for unprotected sectors that have their PPBs cleared
(erased to “1”). By issuing the DYB Set or Clear instruction sequences, the DYBs are set
(programmed to “0”) or cleared (erased to “1”), thus placing each sector in the protected or
unprotected state respectively. This feature allows software to easily protect sectors against
inadvertent changes yet does not prevent the easy removal of protection when changes are
needed.

Note

1.

5.
6.

The DYBs can be set (programmed to “0”) or cleared (erased to “1”) as often as needed.
When the parts are first shipped, the PPBs are cleared (erased to “1”) and upon power up or
reset, the DYBs can be set or cleared depending upon the ordering option chosen.

If the option to clear the DYBs after power up is chosen, (erased to “1”), then the sectors may
be modified depending upon the PPB state of that sector

The sectors would be in the protected state if the option to set the DYBs after power up is
chosen (programmed to “0”).

The DYB Set or Clear instructions for the dynamic sectors signify protected or unprotected
state of the sectors respectively.

DYB bits have the same function when WP#/ACC = Vun as they do when ACC =V .

Refer to Figure 51-Figure 52 for exit instruction.

Figure 68. DYB Enter (word mode)

ARzl ///X 555h X 2aAan X 555h X/

WE#
POl 150
OF# 1'bl
RESET# bl
RYBY# gz
BYTE# 10l
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Figure 69. DYB Enter (byte mode)

Ap3o0l  ///X 555h X 24Ah X 555h X/
pQ[IsyA-1 ///X 0 X 1 X 0 X///

WEH \  /
DQ[7:0] hehZ 55h
DQ[14:8] HishZ

OF# 1'bl
RESET# Ibl

RYBY# High-Z

BYTE# |no

Figure 70. DYB Read(word mode)

AR3:01  ///X SA X///
ce¢ N/

WE#

pois:o) 12— (rp )
OE# 1'bl

RESET# [I'bl

RY/BY# HighZ

BYTE# bl

Figure 71. DYB Read (byte mode)

A[23:0] /X sAR3:0) X/,
DQ[I5)/A-1 // /X sal-11 X///
ce¢ N/

WE#

DQ[7:0] -High-Z { RD )

DQ[14:8] -ligh-Z

OE# 1I'bl

RESET# 1bl

RYBY# HighZ

BYTE# 1ho
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Figure 72. DYB Set (word mode)

A[23:0] />< Don’ tcare >< SA ><
e N e N e

WE#

DQ[15:0] LHEhZ 00h
OE# 1'bl1

RESET# Il

RYBY# High-Z

BYTE# bl

Figure 73. DYB Set (byte mode)

AR30] ///X Do’ tecare X  SAPR3:0] X/
DQ[15]/A-1 />< Don’ tcare >< SA[-1] ></
e N U

WE#
DQ[7:0] High-Z AOh 00h
DQ[14:8] gz
OFE# 1'bl
RESET# 10l

RYBY# -High-Z

BYTE# 110

Figure 74. DYB Clear (word mode)

A[23:0] />< Don’ tcare >< SA ><
e N e N e

WE#

DQ[15:0] ez 01h
OE# 1'bl1

RESET# Il

RYBY# High-Z

BYTE# bl
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Figure 75. DYB Clear (byte mode)

AR30] // Don’ tecare X  SA[23:0] X/
DQ[15/A-1 />< Don’ t care >< SA[-1] ></

WE#

DQ[7:0] -High-Z AOh 01h

DQ[14:§] igh-Z

OF# 1'bl

RESET# [1bl

RYBY# High-Z

BYTE# 1po
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5.11.5 Password Protection Method

The Password Protection Method allows an even higher level of security than the Persistent
Sector Protection Mode by requiring a 64-bit password for unlocking the device PPB Lock Bit. In
addition to this password requirement, after power up and reset, the PPB Lock Bit is set “0” to
maintain the password mode of operation. Successful execution of the Password Unlock
instruction by entering the entire password clears the PPB Lock Bit, allowing for sector PPBs
modifications.

Note

1.

o o kM w DN

11.

12.
13.

14.

There is no special addressing order required for programming the password. Once the
Password is written and verified, the Password Mode Locking Bit must be set in order to
prevent access.

The password is all “1”s when shipped from the factory.

A “0” cannot be programmed back to a “1”. A succeeding read shows that the data is still “0”.
All 64-bit password combinations are valid as a password.

There is no means to verify what the password is after it is set.

The Password Mode Lock Bit, once set, prevents reading the 64-bit password on the data bus
and further password programming.

The Password Mode Lock Bit is not erasable.

The lower eight address bits (A7—AQ0) are valid during the Password Read, Password
Program, and Password Unlock.

The exact password must be entered in order for the unlocking function to occur.

The unlock operation will fail if the password provided by the Password Unlock instruction
does not match the stored password. This will insert a 1 ys delay (DQ6 bit can be used to
determine whether the status is complete) before the next password can be provided to
prevent a hacker from running through all the 64-bit combinations in an attempt to correctly
match a password.

Approximately 1 ys (DQ6 bit can be used to determine whether the status is complete) is
required for unlocking the device after the valid 64-bit password is given to the device.

Password verification is only allowed before modifying DQ2 (in Lock Register) = 1 to DQ2 = 0.

If the password is lost after setting the Password Mode Lock Bit, there is no way to clear the
PPB Lock Bit.

Refer to Figure 51-Figure 52 for exit instruction.
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Figure 76. Lock Regsister Program Algorithm

QA-DT-169
Rev. 1.2

Write Unlock Cycles:
Address 555h, Data AAh
Address 2AAh,Data 55h

'

Write Enter Lock Register
Instruction:

Address 555h, Data 40h

A

Program Lock Register
Data

Address XXXh, Data AOh
Address XXXh, Data PD

Unlock Cycle 1
Unlock Cycle 2

Setup Command

XXXh = Address don’ t care
Program Data(PD)

/DQ7/DQG indicate

\

Device return to reading
Lock Register

busy status T
* Poling Status = Busy?
1 Yes

No - ” T B No

< DQ5 =12 ~

\\‘[ . Yes
v v
PASS
Write Lock Register Exit FAIL
instruction.

Issue reset instruction to
return to read mode

Figure 77. Password Enter (word mode)

A[23:0] /X 555h X 2aAh X 555h X/
WE#

DQ[15:0] HighZ 55h 60h
OF# 1'vl

RESET# 1bl

RY/BY# lighZ

BYTE# bl
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Figure 78. Password

Semiconductor

Enter (byte mode)

QA-DT-169
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Apsol ///X 555h X 2aAan X 555h X/
pQ[IsyA-1 ///X 0 X 1 X 0 X///
CE# —\—/_\—/_\j
WE# \ /
DQ[7.0] e 55h 60h
DQ[14:8] HishZ
OE# 1'bl
RESET# Ibl
RY/BY# -HighZ
BYTE# |no
Figure 79. Password Read(word mode)
apsol ///X 00h X 01h X 02h X 03h X///
CE#
WE#
DQ[15:0] lighZ PWDO PWDI PWD2 PWD3
OE#  Tbl
RESET# 11
RY/BY# -lhZ
BYTE# 10l
Figure 80. Password Read (byte mode)
A[23:0] 00h 01h 02h 03h
DQ[15V/A-1 0 1 0 1 0 1 0 1
CE#
WE#
DQ[7:0] High-2 PWDO PWDI1 PWD2 PWD3 PWD4 PWD5 PWD6 PWD7
DQ14:8] g2
OE# 1l
RESET# 1b1
RY/BY# HiehZ
BYTE# 1p0
BYT Semiconductor 73799 BY29G256FS
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Figure 81. Password Program (word mode)
AR301 ///X Don’ tcare X PWA X
CE#
WE#
DQ[15:0] Heh-Z AOh PWD y———
OE#  Ibl
RESET# 1Pl
RYBY# lehZ b0
BYTE# [Ibl
Figure 82. Password Program (byte mode)
AR30]1 ///X_ Don’ tecare X PWAR30] X/
DQII5SYA-1 ///X_ Don’ tcare X PWA[1] X/
cer N/ N/
WE#
DQ[7:0] ez A0h PWD
DQ[14:8] High-Z
OF# 1b1
RESET# Ibl
RYBY# gz b0
BYTE# 110
Figure 83. Password Unlock (word mode)
A[23:0] 00h 00h 00h 0lh 02h 03h 00h
CE#
WE#
DQ[15:0] HighZ 25h 03h PWDO PWD1 PWD2 PWD3 29h
OE#  Ibl
RESET# 1bl
RY/BY# HighZ
BYTE# 1bl
Figure 84. Password Unlock (byte mode)
A[23:0] 00h 01h 02h 03h 00h
DQ[15]/A-1, 0 0 1 0 1 0 1 0 1 2%h
CE#
WE#
parre] BhZ (35— ———(BWD0)——{PWDI PWD2 PWD3 PWD PWDS)———(PWDE)———PWD T 25—
DQ[14:8] Heh-Z
OE#  T0I
RESET# 1%1
RY/BY# HhZ
BYTE# 1%0
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6.

ELECTRICAL CHARACTERISTICS

6.1 Absolute Maximum Ratings
Description Rating
Storage Temperature, Plastic Packages —65°C to +150°C
Ambient Temperature with Power Applied —65°C to +125°C
-0.5Vto Vet
All Inputs and 1/Os except as noted below (Note 1) 0.5 0 t50V ce
Voltage with Respect to Ground Vcc (Note 1) —0.5Vto+4.0V
Vio —-0.5V to +4.0V
A9 and ACC (Note 2) —0.5Vto+12.5V
Output Short Circuit Current (Note 3) 200 mA
Note
1. Minimum DC voltage on input or I/Os is —0.5 V. During voltage transitions, inputs or I/Os may undershoot Vss
to —2.0 V for periods of up to 20 ns. See Figure 85. Maximum DC voltage on input or I/Os is VCC + 0.5 V.
During voltage transitions inputs or I/Os may overshoot to Vcc + 2.0 V for periods up to 20 ns. See Figure 86.
2. Minimum DC input voltage on pins A9 and ACC is -0.5V. During voltage transitions, A9 and ACC may
overshoot Vss to —2.0 V for periods of up to 20 ns. See Figure 85. Maximum DC voltage on pins A9 and ACC
is +12.5 V, which may overshoot to 14.0 V for periods up to 20 ns.
3. No more than one output may be shorted to ground at a time. Duration of the short circuit should not be

greater than one second.

Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device.
This is a stress rating only; functional operation of the device at these or any other conditions above those
indicated in the operational sections of this data sheet is not implied. Exposure of the device to absolute
maximum rating conditions for extended periods may affect device reliability.

Figure 85. Maximum Negative Overshoot Waveform

20 ns 20 ns

Y

LR || K

20 ns

A
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Figure 86. Maximum Positive Overshoot Waveform

20 ns
Vee
$20V - — —|— — -
Vee
o / \M
+2.0V
20 ns 20 ns
6.2 Operating Ranges
Specifications Range
Ambient Temperature (TA), Industrial (I) Device —40°C to +85°C
Ambient Temperature (TA), Commercial (C) Device —40°C to +85°C
+2.7Vto3.6Vor
Supply Voltages Vee +3.0V103.6 V
V|0 Supply Voltages Vio +1.65V to Ve

Note
1. Operating ranges define those limits between which the functionality of the device is guaranteed.

2. See also Order Information.
3. Forvalid Vcc/Vio range combinations, see Order Information. The I/Os do not operate at 3 V when Vio= 1.8

V.
6.3 Test Conditions

Figure 87.Test Setup

Device
Under | P
Test
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Table 10. Test Specifications
Test Condition All Speeds Unit
Output Load Capacitance, C| (including jig capacitance) 30 pF
Input Rise and Fall Times 5 ns
Input Pulse Levels 0.0-Vio \
Input timing measurement reference levels (See Note) 0.5Vio \%
Output timing measurement reference levels 0.5V Vv
Note
1. If Vlo < Ve, the reference level is 0.5 Vio.
6.4 Key to Switching Waveforms
Waveform Inputs Outputs
Steady

AN

Changing from H to L

LI

Changing from L to H

XXXKXX

Don’t Care, Any Change Permitted

Changing, State Unknown

Prmed

Does Not Apply

Center Line is High Impedance State
(High 2)

6.5 Switching Waveforms

Figure 88.Input Waveforms and Measurement Levels

v
e Input 0.5V, %47 Measurement Level ————» % 0.5V  Output
0.0V
Note
1. If Vio < Ve, the input measurement reference level is 0.5 Vio.
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6.6 DC Characteristics
DC Characteristics (CMOS Compatible)
Parameter | Parameter Description ies . .
Symbol (Notes) Test Conditions Min Typ Max Unit
VIN = Vgg to Ve WP/ACC 5.0 A
Iy Input Load Current IN _ SS ¢ H
Vcc=Vecmax  [Others +
T A9 Input Load Current  Ncc=Vee max A9 =125V 35 pA
ILo Output Leakage Current [Vout = Vssto Vee . Vee = Ve max +1.0 PA
CE# = V), OE# = V|, Vce = Veemaxs
=1 2 20
MHz
CE# = V), OE# = V|, Vce = Veemaxs
I Vcc Active Read Current (1)f=5 8 55
cct
MHz mA
CE# =V, OE# = V|, Vce = Veemaxs
f=10 20 110
MHz
lo2 V|0 Non-Active Output [CE# =V OE#=V|H 0.2 10 mA
CE# =V, OE# = V|4, Vcc = Veemaxs
f=10 1 10
| Vcc Intra-Page Read  MHz
cez Current (1) CE# = V)., OE# = Vi, Vce = Vecmaxs mA
f=33 5 20
MHz
locs Ve Active Erase/ Program CE# = V. OE# = Vi Ve = Vecma 50 90 mA
Current (2, 3) ’ ’
CE#, RESET# = Ve + 0.3V, OE# =
I Vce Standby C t =
cca cc Standby Current My Vee = Veemax 100 500 uA
V||_ = VSS +0.3V/-0.1V,
Vee = Veemax;, ViL = Vss + 0.3
I y
ccs Vcc Reset Current V/-0.1V, RESET# = Vag £ 0.3 V 250 500 MA
Vee = Veemax Vin= Vet 0.3V,
lcce Automatic Sleep Mode (4) VL = Vss + 0.3 V/-0.1V, WP#/ACC = 100 500 MA
ViH
CE# = V|, OE# =WP#ACC pin 10 20
| ACC Accelerated Program [ViH,
ACC Current Vec = VecmaxVee pin 50 80 mA
WP#/ACC = VHH
Vi Input Low Voltage (5) -0.1 03xVip | V
Viu Input High Voltage (5) 0.7 xVio Vip+03 | V
Voltage for Program - _
Vin ‘acceleration Vec=2.7-3.6V 115 12.5 Y,
Voltage for Autoselect and
Vip Temporary Sector Vec=2.7-3.6V 11.5 12.5 \Y,
Unprotect
VoL Output Low Voltage (5) [loL = 100 pA 015xVio | V
Vor Output High Voltage (5) [lon =-100 pA 0.85x Vio v
Viko Low V¢ Lock-Out Voltage 23 25 v
3)
Note
1. The ICC current listed is typically less than 2 mA/MHz, with OE# at VIH.
2. ICC active while Embedded Erase or Embedded Program or Write Buffer Programming is in progress.
3. Not 100% tested.
4.  Automatic sleep mode enables the lower power mode when addresses remain stable tor tacc + 30 ns.
5. Vec=3Vand Vio=3Vor1.8V. When Vio is at 1.8V, I/O pins cannot operate at 3V.
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6.7 AC Characteristics
6.7.1 Read Operations

Read Operations

Parameter Description (Notes) Test Setup Speed Options Unit
JEDEC Std. 110 120 130
tavav trc Read Cycle Time Vio=Vec=27V 110 120 - ns
V|o =1.65Vto Vcc, )
Vee=3V Min 110 120 130
Vio=Vcc=3.0V 110 - -
V|O=VCC=2.7V 110 120 -
Address to Output | Vio=1.65V to Vcc,
tavav tace Delay (1) Vee =3V Max| 110 120 130 ns
Vio=Vcc=3.0V 110 - -
Vio=Vgc =27V 110 120 -
Chip Enable to Output| Vio=1.65V to Vce,
teLav tce Delay (2) Voo =3V Max| 110 120 130 | ns
V|O=VCC=3'OV 110 - -
tpacc| Page Access Time Max 25 ns
Output Enable to
teLav toe Output Delay Max 25 ns
Chip Enable to Output
tehaz toF High Z (3) Max 20 ns
Output Enable to
toraz 'oF | Qutput High Z (3) Max 20 ns
Output Hold Time
t t From Addresses, CE# Min 0 ns
AXQX OH | or OE#, Whichever
Occurs First
Read Mi 0
Output ea in ns
togn | Enable [Toggle and
Hold Time| Data# Min 10 ns
(3) Polling
Chip
tcen | Enable Read Min 35 ns
Hold Time
Chip Enable to - - B
address change Vio=Vec =27V 110 120 ns
tea Vio=1.65VtoVee, |Mmin
Vec=3V 110 120 130
Vio=Vcc=3.0V 110 - -
Note
1. CE# OE#=ViL
2. OE#=Vy
3. Not 100% tested.
4.  See Figure87 and Table10 for test specifications.
5. Unless otherwise indicated, AC specifications for 110 ns speed options are tested with Vio = Vcc = 2.7 V. AC

specifications for 110 ns speed options are tested with Vio = 1.8 V.and Vcc = 3.0 V.
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Figure 89. Read Operation Timings
< tre >
Addresses XC ]
<t -
CE# \: tea »
“— tegr—> s
OE# F{Oh_, Lpr
4—170]5[_[—
= N PR p—
—» Loy [€—
Outputs HIGH 2 &&E OutputValid b HicH 2
RESET#
RY/BY#
N el ____

Note

1. For Figure 89 parameters tcen and toen are specific to a read cycle following a flash write operation.

Figure 90.Page Read Timings

Amax:A3

AZ2:A0

(See Note)

X

Same Page

X

>< Aa

- g

Data Bus

CE#

OE#

Ab Ac Ad
teacc teace tpace
Qa Qb Qc Qd

Note

1. Figure 90 shows word mode. Addresses are A2:A-1 for byte mode.
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6.7.2 CE#/WE# Controlled Write Operations
CE#/WE# Controlled Write Operations
Parameter Speed Options
Description (Notes)
JEDEC Std. 110 120 130 Unit
tAvAv twe Write Cycle Time (Note 1) Min 110 120 130 ns
tas Address Setup Time Min 0 ns
tan Address Hold Time Min 45 ns
tep CE# Pulse Width Min 35 ns
twp WE# Pulse Width Min 35 ns
tps Data Setup Time Min 30 ns
ton Data Hold Time Min 0 ns

Note
1. Not 100% tested.

2. See DC Characteristics for more information.
3. Unless otherwise indicated, AC specifications are tested with Vio = 1.8 V and Vcc = 3.0 V.

Figure 91. CE# Controlled Write Operation Timings

< twc >
Addresses X 555h,2AAN,SA PA etc. X
l:’ taH —>1
CE# Y
< t > A1
AS letcp>
OE#
WE# > tDH |l
»| Ibs |«
Data [ Data _[»
RESET# /
RY/BY# 1'b1
Note
1. PA = program address, SA = sector address.
Figure 92. WE# Controlled Write Operation Timings
< twe >
Addresses XC 555h,2AAh,SA PA etc. X
[ tAS —>
CE# <« tan -
OE#
> twe
WE# N
toH|«
> tos
Data | Data _[»
RESET#
RY/BY# 1'b1

Note

1. PA = program address, SA = sector address.
2.  CE # can be kept low or pulled high again for each cycle.
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6.7.3 Erase and Program Operations

Erase and Program Operations

Parameter Speed Options .
Description Unit
JEDEC Std. 110 120 130
tAvAY twe Write Cycle Time (Note 1) Min 110 120 130 ns
tavwL tas Address Setup Time Min 0 ns
t Address Setup Time to OE# low Min 15 ns
ASO during toggle bit polling
twiAx tan Address Hold Time Min 45 ns
t Address Hold Time From CE# or Min 0 ns
AHT | OE# high during toggle bit polling
tovwh tps Data Setup Time Min 30 ns
twHDX toH Data Hold Time Min 0 ns
tcepn | CE# High during toggle bit polling | Min 20 ns
Output Enable High during toggle .
toepH bit polling Min 20 ns
teLwiL tcs CE# Setup Time Min 0 ns
twHEH tcH CE# Hold Time Min 0 ns
twLwH twp Write Pulse Width Min 35 ns
twHpL twpH Write Pulse Width High Min 30 ns
Write Buffer Program Operation
(Notes 2, 3) Typ 480 bs
Effective Write Buffer
Program Operation |Per Word| Typ 15 us
(Notes 2, 4)
Accelerated Effective
twhHWH1 tWHWH1 Write Buffer Program |Per Word| Typ 13.5 us
Operation (Notes 2, 4)
Program Operation
(Note 2) Word Typ 60 us
Accelerated
Programming Operation| Word Typ 54 us
(Note 2)
twHWH2 twuwh2 | Sector Erase Operation (Note 2) | Typ 0.5 sec
tyHH Vpy Rise and Fall Time (Note 1) | Min 250 ns
tycs Ve Setup Time (Note 1) Min 35 us
Erase/Program Valid to RY/BY#
tausy Delay Max 90 ns
tsea Sector Erase Timeout Max 50 us

N
1 Not 100% tested.

2. See DC Characteristics for more information.

3. For 1-32 words/1-64 bytes programmed.

4.  Effective write buffer specification is based upon a 32-word/64-byte write buffer operation.

5 Unless otherwise indicated, AC specifications for 110 ns speed option are tested with

6 Vio = Vcc = 2.7 V. AC specifications for 110 ns speed options are tested with Vio = 1.8 V and Vcec = 3.0 V.
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Figure 93. Program Operation Timings

Program Command Sequence (last two cycles)

ft—— tpye ———m— s —

Addiesses X[ 55sh W e }Q<><><>K PA X s X

—| tan

N A\ il s av

OE#

WEH# /

Data /

— = l5UsY - tRe

I
RY/BY# \4 "
/|
[
I
I

Vee f
tycs =
Note

1. PA = program address, PD = program data, Dour is the true data at the program address.
2. lllustration shows device in word mode.

Figure 94. Accelerated Program Timing Diagram

|
e

Vee |
| | I I |

| | | / | I

e 77 I |

ACC Vi orVy I ! ! ! I
| |

_>| tvmn :4— _’: tvhH |<_
Note
1. Not 100% tested.
2. CE# OE#=V).
3. OE#=Vi.
4.  See Figure87 and Table10 for test specifications.
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Figure 95. Chip/Sector Erase Operation Timings

Erase Command Sequence (last two cycles) Read Status Data

I

1

1

t ]

e tye —— ) e Tas i

Addresses X 2AAD X SA (X}(XX}(}&J " w X w X

555h for chip erase 1

CE#/—\_ \_htAHd_ I_i\ /_\_

I/
1/

>

I
OE# ] Loy b L iR /
e [ !
WE# / i K / "
-l T - — bvnz -
le—1Ics I
— oy :
g Ly :
'

Data { 550 | { 30n 1 ,: { Progress K Complete Y—
10 for Chip Erase |
1

—PtBUSYl-‘—" trg—=

1 S

I

RY/BY#

—n-| tyes -

Vee 7"‘

V2 SR

1
JEL
L
1

1

Note
1. SA = sector address (for Sector Erase), VA = Valid Address for reading status data (Write Operation Status).
2.  These waveforms are for the word mode. Input Waveforms and Measurement Levels.

Figure 96. Data# Polling Timings (During Embedded Algorithms)

t—— e ——=

Addresses X VA )@(:((’j VA )@( VA X
x §

e tacc

CE# ﬂtﬁ* _p—r’ﬁx S\ —

— oy -
oE# | :: / \ /
e—toEH —= +IDF—’| i}
WE# B 1/
_/ et {yp e
s I 7 S Z Xy Hiph 2
DQ7 — Complement } < Complement>< True D> {_ VvalidData >
7l | 7 SR 4 . O, High 2
DQE-DQ0 — ¢ status Data ——< status Data | )(Truey> & velidData >
—tgusy
RY/BY:# Vi

Note

1. VA = Valid address. lllustration shows first status cycle after instruction sequence, last status read cycle, and
array data read cycle.

2. toe for data polling is 45 ns when Vio = 1.65to 2.7 V and is 35 ns when Vio = 2.7 to 3.6 V

3.  CE# does not need to go high between status bit reads
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Figure 97.Toggle Bit Timings (During Embedded Algorithms)

— € tayT —» lys [ ij
A 1!
Addresses X X iy
1T
Ly
— l— taso

et /N N
< I

feepn
——LoEH ——

WE# _/
oE# | N[ N 3 7 X

le—toH —

—p| o ——

% ¥
DQ2andDQe  Valid Data e, % \Valid Data
—_— 3 I

(first read) (second read) (stops toggling)

RY/BY# N\ , /
!

Note
1. A = Valid address; not required for DQ6. lllustration shows first two status cycle after instruction sequence,
last status read cycle, and array data read cycle CE# does not need to go high between status bit reads.

Figure 98.DQ2 vs. DQ6

Enter

Embedded Erase Enter Erase Efase
Erasing Suspend Suspend Program Resume
WE# ” |||| ||| Erase |_I Erase Suspend ||||||| Erase Erase Suspend |_| Erase Erase
Read Suspend Read Complete
Program

oce UL UUU I

Note
1. DQ2 toggles only when read at an address within an erase-suspended sector. The system can use OE# or
CE# to toggle DQ2 and DQ6.
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6.7.4 Alternate CE# Controlled Erase and Program Operations

Alternate CE# Controlled Erase and Program Operations

Parameter Speed Options
Description (Notes)

JEDEC Std. 110 120 130 Unit
tAvAv twe Write Cycle Time (Note 1) Min 110 120 130 ns
tavwL tas Address Setup Time Min 0 ns

Address Setup Time to OE# low during .
taso toggle bit polling Min 15 ns
tELAX tAH Address Hold Time Min 45 ns
t Address Hold Time From CE# or OE# high Min 0 ns
AHT during toggle bit polling
toven tps Data Setup Time Min 30 ns
tEHDX toH Data Hold Time Min 0 ns
tcepH CE# High during toggle bit polling Min 20 ns
toepH OE# High during toggle bit polling Min 20 ns
t t Read Recovery Time Before Write (OE# Min 0 ns
GHEL GHEL High to CE# Low)
twieL tws WE# Setup Time Min 0 ns
tEHWH tWH WE# Hold Time Min 0 ns
teLEH tep CE# Pulse Width Min 35 ns
tEREL toph CE# Pulse Width High Min 30 ns
oy WA tHWH Write Buffer Prograrg)Operation (Notes 2, Typ 480 us
Effective Write Buffer
Program Operation (Notes 2,| Per Word | Typ 15 us
4)
Effective Accelerated Write
Buffer Program Operation | Per Word | Typ 13.5 s
(Notes 2, 4) H
Program Operation (Note 2) Word Typ 60 us
Accelerated Programming
Operation (Note 2) Word Typ 54 HS
twHwH2 twHwH2 Sector Erase Operation (Note 2) Typ 0.5 sec

N
1 Not 100% tested.

2. See DC Characteristics for more information.

3. For 1-32 words/1-64 bytes programmed.

4.  Effective write buffer specification is based upon a 32-word/64-byte write buffer operation.
5 Unless otherwise indicated, AC specifications are tested with Vio = 1.8 V and Vcc = 3.0 V.
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Figure 99.Alternate CE# Controlled Write (Erase/Program) Operation Timings

555 for program  PA for program
2AA for erase SA for sector erase

| Shnn diase Data# Polling

Addresses :>( l N ! mb( PA X )—

h— B —m| e Tag 3

— Ly |-—
BH —— — H
WE# / \ ! \ /
™ =7 loHe f
OF# _/L- SR /
T e Bt -« byHwH o2 —————

YAy (AN IV

—t—{BLISY —=]

=
fpH
[l .\ /1
Data / W 1/ Do

‘A0 for program  PD for program
55 for erase 30 for sector erase
10 for chip erase I

RESET# / L
RY/BY# \_/ [ /

Note

1. Figure 99 indicates last two bus cycles of a program or erase operation.

2. PA=program address, SA = sector address, PD = program data.

3. DQ7# is the complement of the data written to the device. DOUT is the data written to the device.
4.  Waveforms are for the word mode.
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6.7.5 Erase And Programming Performance
Erase And Programming Performance
Typ Max .
Parameter (Note 1) (Note 2) Unit Comments
SeCtOI' El’ase T|me 05 35 sec Excludes 00h programming
Chip Erase Time | BY29G256FS 512 2048 sec prior to erasure (Note 4)
Total Write Buffer Time (Note 3) 480 uS
Total Accelerated Write Buffer Programming Time 432 us Excludes system level
(Note 3) overhead (Note 5)
Chip Program BY29G256FS 984 sec
ime
Note

1. Typical program and erase times assume the following conditions:

checkerboard pattern.

Under worst case conditions of -40°C, Vcc = 3.0 V, 100,000 cycles.
Effective write buffer specification is based upon a 32-word write buffer operation.
In the pre-programming step of the Embedded Erase algorithm, all bits are programmed to 00h before

25°C, 3.6 V Vcc, 10,000 cycles,

5.  System-level overhead is the time required to execute the two- or four-bus-cycle sequence for the program

2.

3.

4.
erasure.
instruction.
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6.7.6 Hardware Reset (RESET#) Operation

Hardware Reset (RESET#)

Parameter
NESEL — Description Speed Unit
RESET# Pin High (During Embedded Algorithms)
tReady to the end of Reset Max 100 HS
RESET# Pin High (NOT During Embedded
tReady Algorithms) to the end of Reset Max 100 HS
trp RESET# Pulse Width Min 3 us
tre RY/BY# Recovery Time Min 0 ns
t RESET# Pin Low (NOT During Embedded Max 3 s
X Algorithms) to RY/BY# Low H
Figure 100.Reset Timings
! | I
| :<—tReady —P:
RY/BY# \ !
5\ | /:/<—tRB—>i
CE# OE# ! : : N
| ! | |
I | |
RESET# | — tx —>t /:/ i i
€ trP > ! !
€ > !
ba < HIGH Z > STERS :<—HIGH Zp
| |
Reset Timings NOT During Embedded Algonithms ! :
Reset Timings During Embedded Algonithms
|
i(—tReady —Pi
RY/BY# [
: /;/<—tRB—>i
CE#,0E# : | |\_/7
|
: ! i ,
RESET# | /:/ | |
e trP > | |
DQ :4 HIGH 2 >: Daia :<—HIGH Z—):
|
! I

Note
1.  DQ: If the OE # pin is pulled down for Read operation after RESET # pin is pulled up and before the reset is
completed, the Data after each reset is random, and this random value is output in cycles.
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Power-up Sequence Timings
Parameter Description Speed Unit
Min Max
¢ Reset Low Time from rising edge of V¢ (or last 100 S
Ves Reset pulse) to falling edge of CE# W
Reset Low Time from rising edge of Vo (or last
t
VoS Reset pulse) to falling edge of CE# 100 KS
Viko Write Inhibit Threshold Voltage Viko 2.3 2.5 V
Note
1. Vio < Vec + 200 mV.
2. Vioand Vcc ramp must be synchronized during power up.
3. If RESETH# is not stable for tvcs or tvios:
The device does not permit any read and write operations.
A valid read operation returns FFh.
A hardware reset is required.
4. Vecc maximum power-up current (RST=V).) is 20 mA.
Figure 101.Power-up Sequence Timings
:
Vce
—/I':— fvcs ——
| .
Vio ’|/< tvios >
|
RESET# 1b1
Figure 102. Power-up Timing and Voltage Levels
A
BT (1= TR
P Chip Enable is not allowed /”/’d
Vee(min)
. e e Device is fully
Reset accessible
Viko State
Time
BY29G256FS
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6.7.7 TSOP Pin and BGA Package Capacitance

Package Capacitance

Pg;e::‘lr;fr Parameter Description Test Setup Typ Max Unit
Cin Input Capacitance Vin=0 6 10 pF
Cour Output Capacitance Vour=0 10 12 pF

Cine Control Pin Capacitance Vin=0 8 10 pF
WP#/ACC Separated Control Pin Vin=0 42 45 pF
RESET# Separated Control Pin Vin=0 25 28 pF
CE# Separated Control Pin Vin=0 22 25 pF

Note

1. Sampled, not 100% tested.
2. Test conditions TA = 25°C, f= 100 MHz.
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7. APPENDIX

7.1 CFI Query Identification String

QA-DT-169
Rev. 1.2

Addresses (x1 6)| Addresses (x8) Data Description
0051h
10h 11h 12h 20h 22h 24h 0052h Query Unique ASCII string “QRY”
0059h
0002h . .
13h 14h 26h 28h 0000h Primary OEM Instruction Set
0040h .
15h 16h 2Ah 2Ch 0000h Address for Primary Extended Table
0000h . _ .
17h 18h 2Eh 30h 0000h Alternate OEM Instruction Set (00h = none exists)
0000h _ .
19h 1Ah 32h 34h 0000h /Address for Alternate OEM Extended Table (00h = none exists)
7.2 System Interface String
IAddresses (x16) Addresses (x8) Data Description
1Bh 36h 0027h Ve Min. (write/erase) D7-D4: volt, D3—D0: 100 mV
1Ch 38h 0036h Vcc Max. (write/erase) D7-D4: volt, D3—-D0: 100 mV
1Dh 3Ah 0000h Vpp Min. voltage (00h = no Vpp pin present)
1Eh 3Ch 0000h Vpp Max. voltage (00h = no Vpp pin present)
1Fh 3Eh 0006h Typical timeout per single byte/word write 2N us
20h 40h 0006h Typical timeout for buffer write 2N us (00h = not supported
21h 42h 0009h Typical timeout per individual block erase 2N ms
. . . N _
29h 44 0011h = 256 Mb Typical timeout for full chip erase 2N ms (00h = not
supported)
23h 46h 0003h Max. timeout for byte/word write 2N times typical
24h 48h 0005h Max. timeout for buffer write 2N times typical
25h 4Ah 0003h Max. timeout per individual block erase 2N times typical
- - N - —
26h 4Ch 0002h Max. timeout for full chip erase 2N times typical (00h = not
supported)
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7.3 Device Geometry Definition
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Addresses (x16)| Addresses (x8) Data Description
Device Size = 2N byte
27h 4Eh 0019h 19 = 256Mb
0002h Flash Device Interface description (refer to CFI
28h 29h 50h 52h 0000h publication 100)
0006h Max. number of byte in multi-byte write = 2N (00h =
2Ah 2Bh 54h 56h 0000h not supported)
2Ch 58h 0001h Number of Erase Block Regions within device (01h =

uniform device, 02h = boot device)

00xxh 000xh

Erase Block Region 1 Information

2Dh 2Eh 2Fh 30h| 5Ah 5Ch 5Eh 60h 0000h (refer to the CFI specification or CFI publication 100)
000xh 00FFh, 0000h, 0000h, 0002h =256 Mb
0000h
0000h Erase Block Region 2 Information (refer to CFI

31h 32h 33h 34h| 62h 64h 66h 68h 0000h publication 100)
0000h
0000h
0000h Erase Block Region 3 Information (refer to CFI

35h 36h 37h 38h | 6Ah 6Ch 6Eh 70h 0000h publication 100)
0000h
0000h
0000h Erase Block Region 4 Information (refer to CFI

39h 3Ah 3Bh 3Ch| 72h 74h 76h 78h 0000h publication 100)
0000h
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7.4 Primary Vendor-Specific Extended Query

Addresses (x16) | Addresses (x8) Data Description
0050h
40h 41h 42h 80h 82h 84h 0052h Query-unique ASCII string “PRI”
004%h
43h 86h 0031h Major version number, ASCII
44h 88h 0033h Minor version number, ASCII
Address Sensitive Unlock (Bits 1-0) 0 = Required, 1 = Not
Required
45h 8Ah 0014h Process Technology (Bits 7-2) 0101b = ETOX 50 nm
Erase Suspend
46h 8Ch 0002h 0 = Not Supported, 1 = To Read Only, 2 = To Read & Write
Sector Protect
47h 8Eh 0001h 0 = Not Supported, X = Number of sectors in per group
Sector Temporary Unprotect
48h 90h 0000h 00 = Not Supported, 01 = Supported
49h 92h 0008h Sector Protect/Unprotect schemg 0008h = Advanced
Sector Protection
Simultaneous Operation
4AN 94h 0000h 00 = Not Supported, X = Number of Sectors
Burst Mode Type
4Bh 96h 0000h 00 = Not Supported, 01 = Supported
Page Mode Type
4ch 98h 0002h 190 = Not Supported, 01 = 4 Word Page, 02 = 8 Word Page
ACC (Acceleration) Supply Minimum
4Dh 9Ah 00B5h 00h = Not Supported, D7-D4: Volt, D3-D0: 100 mV
ACC (Acceleration) Supply Maximum
4Eh 9Ch 00C5h 00h = Not Supported, D7-D4: Volt, D3-D0: 100 mV
WP# Protection
04h = Uniform sectors bottom WP# protect, 05h = Uniform
4Fh 9Eh 00xxh sectors top WP# protect
Program Suspend
50h AOh 0001h 00h = Not Supported, 01h = Supported
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8. PACKAGE INFORMATION
8.1 TFBGA11*13-64BALL
[y 1
F=YSEI [n] & D1
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L ©0000/0000s
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NOTES:
PACKAGE L&A 084
e = 1. DIMENSIONING AND TOLERANCING PER ASME Y14.5M-1994.
2. ALL DIMENSIONS ARE IN MILLIMETERS.
13.00 mm x 11.00 mm 3. BALL POSITION DESIGNATION PER JESD 95-1, SPP-0M0 (EXCEPT
PACKAGE AS NOTED).
SYMOOL .| MM .| NOM: | e MO 4. [2] REPRESENTS THE SOLDER BALL GRID PITCH.
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8.2 TSOP56 14*20mm
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9. ORDER INFORMATION

BY 29G 256 |

|
|#

©
o

(1)

Packing Type

T:Tube

R:Tape&Reel

Y:Tray

Green Code

G:Pb Free & Halogen Free Green Package

P:Pb Free & Halogen Free Green Package + Power
Meter Application

Temperature Range
C:Commercial(-40°C to +85°C)
|:Industrial(-40°C to +85°C)
Package Type
B:TFBGA11*13-64BALL
G:TSOP56 14*20mm

Voltage
S:3V
L:1.8V

Generation
F Version

Density
M2G:2Gbit with multi-die package

256 : 256 Mbit
Product Family
29G:Parallel Interface Flash
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10. VALID PART NUMBERS AND TOP SIDE MARKING

The following table provides the valid part numbers for BY29G256FS Parallel Flash Memory. Pls
contact BY Technology for specific availability by density and package type.

For consumer and industry application:

Package Type Density Product Number Top Side Marking
B
TFBGA 256M-bit BY29G256FSBIG 20G256FSBIG
11*13mm-64BALL YYWW
G BYT
. 256M-bit BY29G256FSGIG 29G256FSGIG
TSOP56 14*20mm YYWW
10.1 Minimum Packing Quantity (MPQ)
Packing Qty for 1 Vacuum bag/
Package Type Type Tube or Reel Inner Box MPQ
TFBGA 10+1 Trays/Bag
11*13mm-64BALL Tray 152ealTray | 4pag/innerBox 1520
. 10+1 Trays/Bag
TSOP56 14*20mm Tray 84eal/Tray 1Bag/InnerBox 840
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11. DOCUMENT CHANGE HISTORY
ORIGINATOR
REVISION CHANGE DESCRIPTION CLAUSE
DATE
Xingyue Huang
1.0 Initiate; / Dongfu Yan
2024-12-23
11 Updata the Package Outline Drawing&Symbol P96 Dongfu Yan
' of 8.2. Cl.8.2 2024-12-25
. ) P49 Xingyue Huang
1.2 Modify Autoselect Codes; Cl5.8.1 2025-4-27
BYT Semiconductor 99 /99 BY29G256FS




	1.DESCRIPTION
	2.SIGNAL DESCRIPTION
	3.SECTOR ADDRESSES
	4.OPERATION FEATURES
	4.1Power Conservation Modes 
	4.1.1Standby Mode
	4.1.2Automatic Sleep Mode
	4.1.3Hardware RESET# Input Operation
	4.1.4Output Disable (OE#)

	4.2Word/Byte Configuration
	4.3Versatile IOTM (VIO) Control
	4.4RY/BY#
	4.5Hardware Data Protection Methods
	4.5.1WP#/ACC Method
	4.5.2Low VCC Write Inhibit
	4.5.3Write Pulse “Glitch Protection”
	4.5.4Power-Up Write Inhibit

	4.6Write Operation Status
	4.6.1DQ7: Data# Polling
	4.6.2DQ6: Toggle Bit I
	4.6.3DQ2: Toggle Bit II
	4.6.4DQ5: Exceeded Timing Limits
	4.6.5DQ3: Sector Erase Timeout State Indicator
	4.6.6DQ1: Write to Buffer Abort

	4.7Device Operation Table

	5.INSTRUCTIONS DESCRIPTION
	5.1Instruction Definitions
	5.1.1Memory Array Instruction Definitions, x16
	5.1.2Sector Protection Instruction Definitions, x16
	5.1.3Memory Array Instruction Definitions, x8
	5.1.4Sector Protection Instruction Definitions, x8

	5.2Read Operations
	5.2.1Read
	5.2.2Page Read Mode

	5.3Program Operations
	5.3.1Single Word/Byte Program
	5.3.2Write Buffer Program
	5.3.3Accelerated Program

	5.4Erase Operations
	5.4.1Sector Erase
	5.4.2Chip Erase

	5.5Suspend/Resume Operations
	5.5.1Program Suspend/Program Resume Instructions
	5.5.2Erase Suspend/Erase Resume Instructions

	5.6Unlock Bypass
	5.7Secured Silicon Sector Flash Memory Region
	5.7.1Factory Locked Secured Silicon Sector
	5.7.2Customer Lockable Secured Silicon Sector
	5.7.3Secured Silicon Sector Entry/Exit Instruction Sequ

	5.8Autoselect
	5.8.1Autoselect Codes, (High Voltage Method)
	5.8.2Autoselect Addresses in System
	5.8.3Autoselect Entry in System
	5.8.4Autoselect Exit

	5.9Reset Operations
	5.9.1Hardware Reset
	5.9.2Software Reset

	5.10Common Flash Memory Interface
	5.11Advanced Sector Protection/Unprotection
	5.11.1Lock Register
	5.11.2Persistent Protection Bit Lock Bit
	5.11.3Persistent Protection Bits
	5.11.4Dynamic Protection Bits
	5.11.5Password Protection Method


	6.ELECTRICAL CHARACTERISTICS
	6.1Absolute Maximum Ratings
	6.2Operating Ranges
	6.3Test Conditions
	6.4Key to Switching Waveforms
	6.5Switching Waveforms
	6.6DC Characteristics
	6.7AC Characteristics
	6.7.1Read Operations
	6.7.2CE#/WE# Controlled Write Operations
	6.7.3Erase and Program Operations
	6.7.4Alternate CE# Controlled Erase and Program Operati
	6.7.5Erase And Programming Performance
	6.7.6Hardware Reset (RESET#) Operation
	6.7.7TSOP Pin and BGA Package Capacitance


	7.APPENDIX
	7.1CFI Query Identification String
	7.2System Interface String
	7.3Device Geometry Definition
	7.4Primary Vendor-Specific Extended Query

	8.PACKAGE INFORMATION
	8.1TFBGA11*13-64BALL
	8.2TSOP56 14*20mm

	9.ORDER INFORMATION 
	10.VALID PART NUMBERS AND TOP SIDE MARKING
	10.1Minimum Packing Quantity (MPQ) 

	11.DOCUMENT CHANGE HISTORY

