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32 Mbit (2Mb x 16, Dual Bank, Page )

1.8V Supply Flash Memory

FEATURES SUMMARY
s SUPPLY VOLTAGE

— Vpp = Vppg = 1.65V to 2.2V for Program,
Erase and Read

— Vpp = 12V for fast Program (optional)
s ASYNCHRONOUS PAGE MODE READ

— Page Width: 4 Words

— Page Access: 35ns

— Random Access: 85ns, 100ns and 120ns
s PROGRAMMING TIME

— 10ps by Word typical

— Double Word Program Option
= MEMORY BLOCKS

— Dual Bank Memory Array: 4 Mbit, 28 Mbit

— Parameter Blocks (Top or Bottom location)
s DUAL BANK OPERATIONS

— Read within one Bank while Program or
Erase within the other

— No delay between Read and Write operations
s BLOCK LOCKING

— All blocks locked at Power up

— Any combination of blocks can be locked

— WP for Block Lock-Down
s COMMON FLASH INTERFACE (CFI)

— 64 bit Unique Device Identifier

— 64 bit User Programmable OTP Cells
s ERASE SUSPEND and RESUME MODES

= 100,000 PROGRAM/ERASE CYCLES per
BLOCK

s 20 YEARS DATA RETENTION
— Defectivity below 1ppm/year
s ELECTRONIC SIGNATURE
— Manufacturer Code: 0020h
— Top Device Code, M59DR032EA: 00AOh
— Bottom Device Code, M59DR032EB: 00Alh

Apri 2003

Figure 1. Packages

TFBGA48 (ZB)
7 x12mm

BGA
hl

TFBGAA48 (ZF)
7 X 7mm
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SUMMARY DESCRIPTION

The M59DRO032E is a 32 Mbit (2Mbit x16) non-vol-
atile Flash memory that may be erased electrically
at block level and programmed in-system on a
Word-by-Word basis using a 1.65V to 2.2V Vpp
supply for the circuitry and a 1.65V to 2.2V Vppg
supply for the Input/Output pins. An optional 12V
Vpp power supply is provided to speed up custom-
er programming.

The device features an asymmetrical block archi-
tecture. M59DR0O32E has an array of 71 blocks
and is divided into two banks, Banks A and B, pro-
viding Dual Bank operations. While programming
or erasing in Bank A, read operations are possible
in Bank B or vice versa. Only one bank at a time is
allowed to be in program or erase mode. The bank
architecture is summarized in Table 2, and the
Block Addresses are shown in Appendix A. The
Parameter Blocks are located at the top of the
memory address space for the M59DRO0O32EA,
and at the bottom for the M59DR032EB.

Each block can be erased separately. Erase can
be suspended, in order to perform either read or
program in any other block, and then resumed.
Each block can be programmed and erased over
100,000 cycles.

Program and Erase commands are written to the
Command Interface of the memory. An internal
Program/Erase Controller takes care of the tim-
ings necessary for program and erase operations.
The end of a program or erase operation can be
detected and any error conditions identified in the
Status Register. The command set required to
control the memory is consistent with JEDEC stan-
dards.

The M59DRO032E features an instant, individual
block locking scheme that allows any block to be
locked or unlocked with no latency, enabling in-
stant code and data protection. All blocks have two
levels of protection. They can be individually
locked and locked-down preventing any acciden-
tal programming or erasure. All blocks are locked
at Power Up and Reset.

The device includes a 128 bit Protection Register
and a Security Block to increase the protection of
a system’s design. The Protection Register is di-
vided into two 64 bit segments. The first segment
contains a unique device number written by ST,
while the second one is one-time-programmable
by the user. The user programmable segment can
be permanently protected. The Security Block, pa-
rameter block 0, can be permanently protected by
the user. Figure 4, shows the Security Block and
Protection Register Memory Map.

The device is available in TFBGA48 (7 x 12mm
and 7 x 7mm, 0.75mm pitch) packages and it is
supplied with all the bits erased (set to ‘1’).

Figure 2. Logic Diagram

VpD VDDQ VPP
21 I I I 16
A0-A20 i{) <¢>DQ0-DQ15
w —Q
E —( m59DR032EA
& — M59DRO32EB
RF —Q
wP —Q
Vss
Al06188

Table 1. Signal Names

A0-A20 Address Inputs

DQO0-DQ15 Data Input/Outputs, Command Inputs

E Chip Enable

G Output Enable

w Write Enable

RP Reset/Power-Down

WP Write Protect

Vbb Supply Voltage

Vbbo EEEEZ Voltage for Input/Output

Vpp Optional Supply Voltage for
Fast Program & Erase

Vss Ground

NC Not Connected Internally
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Figure 3. TFBGA Connections (Top view through package)
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Table 2. Bank Organization

Bank Size Parameter Blocks

Main Blocks

Bank A

4 Mbit 8 blocks of 4 KWord

7 blocks of 32 KWord

Bank B

28 Mbit -

56 blocks of 32 KWord
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Figure 4. Security Block and Protection Register Memory Map

SECURITY BLOCK

Parameter Block # 0

PROTECTION REGISTER

88h P
User Programmable OTP
85h
84h P
Unique device number
81h
80h Protection Register Lock 211]0
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SIGNAL DESCRIPTIONS

See Figure 2, Logic Diagram, and Table 1, Signal
Names, for a brief overview of the signals connect-
ed to this device.

Address Inputs (A0-A20). The Address Inputs
select the cells in the memory array to access dur-
ing Bus Read operations. During Bus Write opera-
tions they control the commands sent to the
Command Interface of the internal state machine.
During a write operation the address inputs_are
latched on the falling edge of Chip Enable E or
Write Enable W, whichever occurs last.

Data Input/Output (DQO-DQ15). The Data 1/O
output the data stored at the selected address dur-
ing a Bus Read operation or input a command or
the data to be programmed during a Write Bus op-
eration.

Both input data and commands are latched on the
rising edge of Write Enable W. The data output is
the Memory Array, the Common Flash Interface,
the Electronic Signature Manufacturer or Device
codes, the Block Protection status, the Configura-
tion Register status or the Status Register Data
depending on the address.

The data bus is high impedance when the chip is
deselected, Output Enable G is at V|, or RP is at
VIL.

Chip Enable (E). The Chip Enable input acti-
vates the memory control logic, input buffers, de-
coders and sense amplifiers. When Chip Enable is
at V| the device is deselected and the power con-
sumption is reduced to the standby level.

Output Enable (G). The Output Enable gates the
outputs through the data buffers during a read op-
eration. When Output Enable is at V| the outputs
are high impedance.

Write Enable (W). The Write Enable controls the
Bus Write operation of the memory’s Command
Interface.

Write Protect (WP). Write Protect is an input
that gives an additional hardware protection for
each block. When Write Protect is at V)., the
locked-down blocks cannot be locked or unlocked.
When Write Protect is at V|4, the Lock-Down is
disabled and the locked-down blocks can be
locked or unlocked. (refer to Table 10, Lock Sta-
tus).
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Reset/Power-Down Input (RP). The Reset/Pow-
er-Down input provides hardware reset of the
memory, and/or Power-Down functions, depend-
ing on the Configuration Register status. A Reset
or Power-Down of the memory is achieved by pull-
ing RP to V|_for at least tp|_pH.

The Reset/Power-Down function is set in the Con-
figuration Register (see Set Configuration Regis-
ter command). If it is set to ‘0’ the Reset function is
enabled, if it is set to ‘1’ the Power-Down function
is enabled. After a Reset or Power-Up the power
save function is disabled and all blocks are locked.

The memory Command Interface is reset on Pow-
er Up to Read Array. Either Chip Enable or Write
Enable must be tied to V|4 during Power Up to al-
low maximum security and the possibility to write a
command on the first rising edge of Write Enable.

After a Reset, when the device is in Read, Erase
Suspend Read or Standby, valid data will be out-
put tpHo7va after the rising edge of RP. If the de-
vice is in Erase or Program, the operation will be
aborted and the reset recovery will take a maxi-
mum of tp g7zv. The memory will recover from
Power-Down tpyq7yv2 after the rising edge of RP.
See Tables 17, 18 and Figure 11.

Vpp and Vppg Supply Voltage (1.65V to 2.2V).

Vpp provides the power supply to the internal core
of the memory device. It is the main power supply
for all operations (read, program and erase).

Vbpg provides the power supply to the 1/O pins.
Vpp and Vppg must be at the same voltage.

Vpp Programming Voltage (11.4V to 12.6V). Vpp
provides a high voltage power supply for fast fac-
tory programming. Vpp is required to use the Dou-
ble Word and Quadruple Word Program
commands.

Vss Ground. Vss ground is the reference for the
core supply. It must be connected to the system
ground.

Note: Each device in a system should have
Vbp, Vbpg and Vpp decoupled with a 0.1puF ca-
pacitor close to the pin. See Figure 6, AC Mea-
surement Load Circuit. The PCB trace widths
should be sufficient to carry the required V. pp
program and erase currents.
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BUS OPERATIONS

The following operations can be performed using
the appropriate bus cycles: Read Array (Random,
and Page Modes), Write, Output Disable, Standby
and Reset/Power-Down, see Table 3.

Read. Read operations are used to output the
contents of the Memory Array, the Electronic Sig-
nature, the Status Register, the CFI, the Block
Protection Status or the Configuration Register
status. Read operation of the memory array is per-
formed in asynchronous page mode, that provides
fast access time. Data is internally read and stored
in a page buffer. The page has a size of 4 words
and is addressed by AO-Al address inputs. Read
operations of the Electronic Signature, the Status
Register, the CFI, the Block Protection Status, the
Configuration Register status and the Security
Code are performed as single asynchronous read
cycles (Random Read). Both Chip Enable E and
Output Enable G must be at V|_in order to read the
output of the memory.

Write. Write operations are used to give com-
mands to the memory or to latch Input Data to be
programmed. A write operation is initiated when
Chip Enable E and Write Enable W are at V_ with
Output Enable G at V4. Addresses are latched on
the falling edge of W or E whichever occurs last.
Commands and Input Data are latched on the ris-
ing edge of W or E whichever occurs first. Noise
pulses of less than 5ns typical on E, W and G sig-
nals do not start a write cycle.

Table 3. Bus Operations

Output Disable. The data outputs are high im-
pedance when the Output Enable G is at V| with
Write Enable W at V|4.

Standby. The memory is in standby when Chip
Enable E is at V|y and the P/E.C. is idle. The pow-
er consumption is reduced to the standby level
and the outputs are high impedance, independent
of the Output Enable G or Write Enable W inputs.

Automatic Standby. In Read mode, after 150ns
of bus inactivity and when CMOS levels are driving
the addresses, the chip automatically enters a
pseudo-standby mode where consumption is re-
duced to the CMOS standby value, while outputs
still drive the bus.

Power-Down. The memory is in Power-Down
when the Configuration Register is set for Power-
Down and RP is at V.. The power consumption is
reduced to the Power-Down level, and Outputs are
in high impedance, independent of the Chip En-
able E, Output Enable G or Write Enable W inputs.
Dual Bank Operations. The Dual Bank allows
data to be read from one bank of memory while a
program or erase operation is in progress in the
other bank of the memory. Read and Write cycles
can be initiated for simultaneous operations in dif-
ferent banks without any delay. Status Register
during Program or Erase must be monitored using
an address within the bank being modified.

Operation E G W RP WP DQ15-DQO
Read Vi Vi VIH VIH VIH Data Output
Write ViL VIH ViL VIH VIH Data Input
Output Disable ViL V4 ViH ViH VIH Hi-Z
Standby VIH X X VIH VIH Hi-Z
Reset / Power-Down X X X ViL ViH Hi-Z

Note: X = Don't care.
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COMMAND INTERFACE

All Bus Write operations to the memory are inter-
preted by the Command Interface. Commands
consist of one or more sequential Bus Write oper-
ations. An internal Program/Erase Controller han-
dles all timings and verifies the correct execution
of the Program and Erase commands. Two bus
write cycles are required to unlock the Command
Interface. They are followed by a setup or confirm
cycle. The increased number of write cycles is to
ensure maximum data security.

The Program/Erase Controller provides a Status
Register whose output may be read at any time to
monitor the progress or the result of the operation.

The Command Interface is reset to Read mode
when power is first applied or exiting from Reset.
Command sequences must be followed exactly.
Any invalid combination of commands will reset
the device to Read mode

Read/Reset Command. The Read/Reset com-
mand returns the device to Read mode. One Bus
Write cycle is required to issue the Read/Reset
command and return the device to Read mode.
Subsequent Read operations will read the ad-
dressed location and output the data. The write cy-
cle can be preceded by the unlock cycles but it is
not mandatory.

Read CFl Query Command. The Read CFl
Query command is used to read data from the
Common Flash Interface (CFI) and the Electronic
Signature (Manufacturer or the Device Code, see
Table 5). The Read CFI Query Command consists
of one Bus Write cycle. Once the command is is-
sued the device enters Read CFI mode. Subse-
guent Bus Read operations read the Common
Flash Interface or Electronic Signature. Once the
device has entered Read CFI mode, only the
Read/Reset command should be used and no oth-
er. Issuing the Read/Reset command returns the
device to Read mode.

See Appendix B, Common Flash Interface, Tables
31, 32, and 33 for details on the information con-
tained in the Common Flash Interface memory ar-
ea.

Auto Select Command. The Auto Select com-
mand uses the two unlock cycles followed by one
write cycle to any bank address to setup the com-
mand. Subsequent reads at any address will out-
put the Block Protection status, Protection
Register and Protection Register Lock or the Con-
figuration Register status depending on the levels
of A0 and Al (see Tables 6, 7 and 8). Once the
Auto Select command has been issued only the
Read/Reset command should be used and no oth-
er. Issuing the Read/Reset command returns the
device to Read mode.
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Set Configuration Register Command. The
M59DRO032E contains a Configuration Register,
see Table 7, Configuration Register.

It is used to define the status of the Reset/Power-
Down functions. The value for the Configuration
Register is always presented on A0-A15, the other
address bits are ignored. Address input A10 de-
fines the status of the Reset/Power-Down func-
tions. Ifitis set to ‘0’ the Reset function is enabled,
if it is set to ‘1’ the Power-Down function is en-
abled. At Power Up the Configuration Register bit
is setto ‘0.

The Set Configuration Register command is used
to write a new value to the Configuration Register.
The command uses the two unlock cycles followed
by one write cycle to setup the command and a
further write cycle to write the data and confirm the
command.

Program Command. The Program command
uses the two unlock cycles followed by a write cy-
cle to set up the command and a further write cycle
to latch the Address and Data and start the Pro-
gram Erase Controller. Read operations within the
same bank output the Status Register after pro-
gramming has started.

Note that the Program command cannot change a
bit set to ‘0’ back to '1". One of the Erase Com-
mands must be used to set all the bits in a block or
in the whole bank from '0’ to '1". If the Program
command is used to try to set a bit from ‘0’ to ‘1’
Status Register Error bit DQ5 will be setto ‘1’, only
if Vpp is in the range of 11.4V to 12.6V.

Double Word Program Command. This feature
is offered to improve the programming throughput
by writing a page of two adjacent Words in parallel.
The Vpp supply voltage is required to be from
11.4V to 12.6V for the Double Word Program com-
mand.

The command uses the two unlock cycles followed
by a write cycle to set up the command. A further
two cycles are required to latch the address and
data of the two Words and start the Program Erase
Controller.

The addresses must be the same except for the
A0. The Double Word Program command can be
executed in Bypass mode to skip the two unlock
cycles.

Note that the Double Word Program command
cannot change a bit set to '0’ back to ’1’. One of the
Erase Commands must be used to set all the bits
in a block or in the whole bank from '0" to '1’. If the
Double Word Program command is used to try to
set a bit from ‘0’ to ‘1’ Status Register Error bit DQ5
will be setto ‘1.

Quadruple Word Program Command. The
Quadruple Word Program command improves the

(572
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programming throughput by writing a page of four
adjacent Words in parallel. The four Words must
differ only for the addresses A0 and Al. The Vpp
supply voltage is required to be from 11.4V to
12.6V for the Quadruple Word Program com-
mand.

The command uses the two unlock cycles followed
by a write cycle to set up the command. A further
four cycles are required to latch the address and
data of the four Words and start the Program
Erase Controller.

The Quadruple Word Program command can be
executed in Bypass mode to skip the two unlock
cycles.

Note that the Quadruple Word Program command
cannot change a bitsetto '0’ back to '1’. One of the
Erase Commands must be used to set all the bits
in a block or in the whole bank from '0’ to '1’. If the
Quadruple Word Program command is used to try
to set a bit from ‘0’ to ‘1’ Status Register Error bit
DQ5 will be setto ‘1’

Enter Bypass Mode Command. The Bypass
mode is used to reduce the overall programming
time when large memory arrays need to be pro-
grammed.

The Enter Bypass Mode command uses the two
unlock cycles followed by one write cycle to set up
the command. Once in Bypass mode, it is impera-
tive that only the following commands be issued:
Exit Bypass, Program, Double Word Program or
Quadruple Word Program.

Exit Bypass Mode Command. The Exit Bypass
Mode command uses two write cycles to be set up
and confirmed. The unlock cycles are not required.
After the Exit Bypass Mode command, the device
resets to Read mode.

Program in Bypass Mode Command. The
Program in Bypass Mode command can be is-
sued when the device is in Bypass mode (issue an
Enter Bypass Mode command). It uses the same
sequence of cycles as the Program command with
the exception of the unlock cycles.

Double Word Program in Bypass Mode Com-
mand. The Double Word Program in Bypass
Mode command can be issued when the device is
in Bypass mode (issue an Enter Bypass Mode
command). It uses the same sequence of cycles
as the Double Word Program command with the
exception of the unlock cycles.

Quadruple Word Program in Bypass Mode
Command. The Quadruple Word Program in By-
pass Mode command can be issued when the de-
vice is in Bypass mode (issue an Enter Bypass
Mode command). It uses the same sequence of
cycles as the Quadruple Word Program command
with the exception of the unlock cycles.

573

Block Lock Command. The Block Lock com-
mand is used to lock a block and prevent Program
or Erase operations from changing the data in it.
All blocks are locked at Power-Up or Reset.

Three Bus Write cycles are required to issue the
Block Lock command.

m The first two bus cycles unlock the Command
Interface.

m The third bus cycle sets up the Block Lock
command and latches the block address.

The lock status can be monitored for each block
using the Auto Select command. Table 10 shows
the Lock Status after issuing a Block Lock com-
mand.

The Block Lock bits are volatile, once set they re-
main set until a hardware Reset or Power-Down/
Power-Up. They are cleared by a Block Unlock
command. Refer to the section, Block Locking, for
a detailed explanation.

Block Unlock Command. The Block Unlock
command is used to unlock a block, allowing the
block to be programmed or erased.

Three Bus Write cycles are required to issue the
Block Unlock command.

m The first two bus cycles unlock the Command
Interface.

m The third bus cycle sets up the Block UnLock
command and latches the block address.

The lock status can be monitored for each block
using the Auto Select command. Table 10 shows
the lock status after issuing a Block Unlock com-
mand. Refer to the section, Block Locking, for a
detailed explanation.

Block Lock-Down Command. A locked or un-
locked block can be locked-down by issuing the
Block Lock-Down command. A locked-down block
cannot be programmed or erased, or have its pro-
tection status changed when WP is low, V|_.. When
WP is high, Vin, the Lock-Down function is dis-
abled and the locked blocks can be individually un-
locked by the Block Unlock command.

Three Bus Write cycles are required to issue the
Block Lock-Down command.

m The first two bus cycles unlock the Command
Interface.

m The third bus cycle sets up the Block Lock-
Down command and latches the block address.

The lock status can be monitored for each block
using the Auto Select command. Locked-Down
blocks revert to the locked (and not locked-down)
state when the device is reset on power-down. Ta-
ble 10 shows the Lock Status after issuing a Block
Lock-Down command. Refer to the section, Block
Locking, for a detailed explanation.
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Block Erase Command. The Block Erase com-
mand can be used to erase a block. It sets all the
bits within the selected block to '1’. All previous
data in the block is lost. If the block is protected
then the Erase operation will abort, the data in the
block will not be changed and the device will return
to Read Array mode. It is not necessary to pre-pro-
gram the block as the Program/Erase Controller
does it automatically before erasing.

Six Bus Write cycles are required to issue the
command.

= The first two write cycles unlock the Command
Interface.

m The third write cycles sets up the command

= the fourth and fifth write cycles repeat the unlock
sequence

= the sixth write cycle latches the block address
and confirms the command.

Additional Block Erase confirm cycles can be is-
sued to erase other blocks without further unlock
cycles. All blocks must belong to the same bank; if
a new block belonging to the other bank is given,
the operation is aborted.

The additional Block Erase confirm cycles must be
given within the DQ3 erase timeout period. Each
time a new confirm cycle is issued the timeout pe-
riod restarts. The status of the internal timer can
be monitored through the level of DQ3, see Status
Register section for more details.

Once the command is issued the device outputs
the Status Register data when any address within
the bank is read.

After the command has been issued the Read/Re-
set command will be accepted during the DQ3 tim-
eout period, after that only the Erase Suspend
command will be accepted.

On successful completion of the Block Erase com-
mand, the device returns to Read Array mode.

Bank Erase Command. The Bank Erase com-
mand can be used to erase a bank. It sets all the
bits within the selected bank to '1’. All previous
data in the bank is lost. The Bank Erase command
will ignore any protected blocks within the bank. If
all blocks in the bank are protected then the Bank
Erase operation will abort and the data in the bank
will not be changed. It is not necessary to pre-pro-
gram the bank as the Program/Erase Controller
does it automatically before erasing.

As for the Block Erase command six Bus Write cy-
cles are required to issue the command.

= The first two write cycles unlock the Command
Interface.

m The third write cycles sets up the command

= the fourth and fifth write cycles repeat the unlock
sequence
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= the sixth write cycle latches the block address
and confirms the command.

Once the command is issued the device outputs
the Status Register data when any address within
the bank is read.

For optimum performance, Bank Erase com-
mands should be limited to a maximum of 100 Pro-
gram/Erase cycles per Block. After 100 Program/
Erase cycles the internal algorithm will still operate
properly but some degradation in performance
may occur.

Dual operations are not supported during Bank
Erase operations and the command cannot be
suspended.

On successful completion of the Bank Erase com-
mand, the device returns to Read Array mode.

Erase Suspend Command. The Erase Suspend
command is used to pause a Block Erase opera-
tion. In a Dual Bank memory it can be used to read
data within the bank where an Erase operation is
in progress. It is also possible to program data in
blocks not being erased.

One bus write cycle is required to issue the Erase
Suspend command. The Program/Erase Control-
ler suspends the Erase operation within 20us of
the Erase Suspend command being issued and
bits 7, 6 and/ or 2 of the Status Register are set to
‘1’. The device is then automatically set to Read
mode. The command can be addressed to any
bank.

During Erase Suspend the memory will accept the
Erase Resume, Program, Read CFI Query, Auto
Select, Block Lock, Block Unlock and Block Lock-
Down commands.

Erase Resume Command. The Erase Resume
command can be used to restart the Program/
Erase Controller after an Erase Suspend com-
mand has paused it. One Bus Write cycle is re-
quired to issue the command. The command must
be issued to an address within the bank being
erased. The unlock cycles are not required.

Protection Register Program Command. The
Protection Register Program command is used to
Program the Protection Register (One-Time-Pro-
grammable (OTP) segment and Protection Regis-
ter Lock). The OTP segment is programmed 16
bits at a time. When shipped all bits in the segment
are set to ‘1’. The user can only program the bits
to ‘0.

Four write cycles are required to issue the Protec-
tion Register Program command.

m The first two bus cycles unlock the Command
Interface.

m The third bus cycle sets up the Protection
Register Program command.
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m The fourth latches the Address and the Data to
be written to the Protection Register and starts
the Program/Erase Controller.

Read operations output the Status Register con-
tent after the programming has started.

The OTP segment can be protected by program-
ming bit 1 of the Protection Register Lock. The
segment can be protected by programming bit 1 of
the Protection Register Lock. Bit 1 of the Protec-
tion Register Lock also protects bit 2 of the Protec-

Table 4. Commands

tion Register Lock. Programming bit 2 of the
Protection Register Lock will result in a permanent
protection of Parameter Block #0 (see Figure 4,
Security Block and Protection Register Memory
Map). Attempting to program a previously protect-
ed Protection Register will result in a Status Reg-
ister error. The protection of the Protection
Register and/or the Security Block is not revers-
ible.

8 Bus Operations
S 1st 2nd 3rd 4th 5th 6th 7th
Commands O
8 Add | Data | Add | Data | Add D;t Add |Data | Add | Data| Add | Data |Add | Data
z
1+ X FOh Read Memory Array until a new write cycle is initiated.
Read/Reset i i i
3+[555n | AAh |2AAn| 550 |555n | Fon Read MemoryArrgy_l_Jntllanewwrlte cycle is
initiated.
CFI Query 1+| 55h | 98h | Read CFIl and Electronic Signature until a Read/Reset command is issued.
Read Protection Register, Block Protection or
Auto Select 3+|555h | AAh |2AAh| 55h |555h |90h | Configuration Register Status until a Read/Reset
command is issued.
Set Configuration 4 |555h | AAh |2AAR| 55h |555h |60h |CRD | 03h
Register
Program 4 |555h | AAh [2aAh| 55h |555h [Aoh| pa | pp | Read Data Polling or Toggle Bit until
Program completes.
Double Word Program | 5 [555h | AAh [2AAh| 55h [555h [40h| PAl | PD1| PA2 | PD2
Sruozdr;‘g"eword 5 [555h | AAh [2AAh| 55h |555h |50h | PAL | PD1| PA2 | PD2 | PA3 | PD3 | PA4 | PD4
Enter Bypass Mode 3 [555h | AAh |2AAh| 55h [555h | 20h
Exit Bypass Mode 2 X | 90h X | 00h
'I\DAr(;Jgéam in Bypass 2 X | AOh | PA | PD Read Data Polling or Toggle Bit until Program completes.
Double Word Program | 5 |y | 4o | pa1 | PD1 | PA2 |PD2
in Bypass Mode
Quadruple Word
Program in Bypass 3 X 50h | PA1 | PD1 | PA2 |PD2| PA3 | PD3 | PA4 | PD4
Mode
Block Lock 4 (555h [ AAh |2AAh| 55h [555h |60h | BA | O1h
Block Unlock 4 (555h | AAh |2AAh| 55h [555h |60h | BA | DOh
Block Lock-Down 4 (555h [ AAh |2AAh| 55h [555h |60h | BA | 2Fh
Block Erase 6+ [555h | AAh |2AAh| 55h [555h |80h [555h [ AAh [2AAh| 55h | BA | 30h
Bank Erase 6 |555h | AAh |2AAh| 55h |555h |80h |555h | AAh [2AAh| 55h | BA | 10h
Read until Toggle stops, then read all the data needed from any Blocks not
Erase Suspend 1| x |BOh being erased then Resume Erase.
Read Data Polling or Toggle Bits until Erase completes or Erase is
Erase Resume 1| BA | 30h suspended another time
Protection Register | , |555h | aah [2aAn| 550 | PA [con| PA | PD
Program

Note: X = Don't Care, BA = Block Address, PA = Program address, PD = Program Data, CRD = Configuration Register Data. For Coded

cycles address inputs A12-A20 are don't care.
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Table 5. Read Electronic Signature

Code Device E G W A0 Al | A7-A2 | A8-A20 | DQ15-DQO
Manufacturer Code ViL ViL ViH VI VL 0 X 0020h
M59DR0O32EA ViL ViL ViH V4 ViL 0 X 00AOh
Device Code
M59DR032EB ViL ViL VIH VIH ViL 0 X 00A1h
Note: X = Don't care.
Table 6. Read Block Protection
= — - Other
Block Status E G W A0 | Al A20-Al12 AT7-A2 Addresses DQO | DQ1 | DQ15-DQ2
Locked Block Vi | Vi | Vie | ViL | ViH | Block Address 0 X 1 0 0000h
Unlocked Block Vi | Vi | Vin | ViL | ViH | Block Address 0 X 0 0 0000h
E(I);(L(ked-DOWH Vi | Vi | Vin | ViL | ViH | Block Address 0 X X 1 0000h
Note: X = Don't care.
Table 7. Configuration Register
— . = — — DQ9-DQO
RP Function E G w A0 | Al | A7-A2 | Other Addresses | DQ10 DO15-DQ11
Reset ViL ViL | VIH | VIH | VIH 0 X 0 Don't Care
Reset/Power-Down ViL VL ViH Viy ViH 0 X 1 Don'’t Care

Note: X = Don't care.
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Table 8. Read Protection Register

Word E|G|W A20-A8 A7-0 DQ15-8 DQ7-3 DQ2 DQ1 DQO
Lock vie | vie | vin X 8oh XXh 00000b f@fﬂé pr(?tLPata 0
Unique IDO | ViL | ViL | VIH X 81h ID data ID data ID data ID data ID data
Unique ID1 | ViL | ViL | VIH X 82h ID data ID data ID data ID data ID data
UniqueID2 | ViL | ViL | VIH X 83h ID data ID data ID data ID data ID data
Unique ID3 | ViL | ViL | VIH X 84h ID data ID data ID data ID data ID data
OTP O ViL | ViL | ViH X 85h OTP data | OTP data | OTP data | OTP data | OTP data
OTP 1 ViL | ViL | VIH X 86h OTP data | OTP data | OTP data | OTP data | OTP data
OTP 2 ViL | Vi | Vi1 X 87h OTP data | OTP data | OTP data | OTP data | OTP data
OTP 3 ViL | ViL | VIH X 88h OTP data | OTP data | OTP data | OTP data | OTP data

Note: X= Don't care.

Table 9. Program, Erase Times and Program, Erase Endurance Cycles

M59DR032E
Parameter Min Max Ty 1O(T))|/(p\;\?/aEl ?;f;glres Unit
Parameter Block (4 KWord) Erase (Preprogrammed) 2.5 0.3 1 S
Main Block (32 KWord) Erase (Preprogrammed) 4 0.8 3 S
Bank Erase (Preprogrammed, Bank A) 3 6 s
Bank Erase (Preprogrammed, Bank B) 20 30 s
Chip Program (@) 20 25 s
Chip Program (Double Word, Vpp = 12V) () 8 s
Word Program @ 100 10 Hs
Double Word Program (Vpp = 12V) 100 8 us
Quadruple Word Program (Vpp = 12V) 100 8 ps
Program/Erase Cycles (per Block) 100,000 cycles
Note: 1. Excludes the time needed to execute the sequence for program command.
2. Same timing value if Vpp = 12V
ﬁ 15/43
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BLOCK LOCKING

The M59DRO032E features an instant, individual
block locking scheme that allows any block to be
locked or unlocked with no latency. This locking
scheme has two levels of protection.

» Lock/Unlock - this first level allows software-
only control of block locking.

m Lock-Down - this second level requires
hardware interaction before locking can be
changed.

The protection status of each block can be set to
Locked, Unlocked, and Lock-Down. Table 10, de-
fines all of the possible protection states (WP,
DQ1, DQO).

Reading a Block’s Lock Status

The lock status of every block can be read in the
Auto Select mode of the device. Subsequent
reads at the address specified in Table 6, will out-
put the protection status of that block. The lock
status is represented by DQO and DQ1. DQO indi-
cates the Block Lock/Unlock status and is set by
the Lock command and cleared by the Unlock
command. It is also automatically set when enter-
ing Lock-Down. DQ1 indicates the Lock-Down sta-
tus and is set by the Lock-Down command. It
cannot be cleared by software, only by a hardware
reset or power-down.

The following sections explain the operation of the
locking system.

Locked State

The default status of all blocks on power-up or af-
ter a hardware reset is Locked (states (0,0,1) or
(1,0,1)). Locked blocks are fully protected from
any program or erase. Any program or erase oper-
ations attempted on a locked block will reset the
device to Read Array mode. The Status of a
Locked block can be changed to Unlocked or
Lock-Down using the appropriate software com-
mands. An Unlocked block can be Locked by issu-
ing the Lock command.

Unlocked State

Unlocked blocks (states (0,0,0), (1,0,0) (1,1,0)),
can be programmed or erased. All unlocked
blocks return to the Locked state after a hardware
reset or when the device is powered-down. The
status of an unlocked block can be changed to
Locked or Locked-Down using the appropriate
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software commands. A locked block can be un-
locked by issuing the Unlock command.

Lock-Down State

Blocks that are Locked-Down (state (0,1,x))are
protected from program and erase operations (as
for Locked blocks) but their protection status can-
not be changed using software commands alone.
A Locked or Unlocked block can be Locked-Down
by issuing the Lock-Down command. Locked-
Down blocks revert to the Locked state when the
device is reset or powered-down.

The Lock-Down function is dependent on the WP
input pin. When WP=0 (V_), the blocks in the
Lock-Down state (0,1,x) are protected from pro-
gram, erase and protection status changes. When
WP=1 (V|y) the Lock-Down function is disabled
(1,1,1) and Locked-Down blocks can be individu-
ally unlocked to the (1,1,0) state by issuing the
software command, where they can be erased and
programmed. These blocks can then be re-locked
(1,1,1) and unlocked (1,1,0) as desired while WP
remains High. When WP is low, blocks that were
previously Locked-Down return to the Lock-Down
state (0,1,x) regardless of any changes made
while WP was High. Device reset or power-down
resets all blocks, including those in Lock-Down, to
the Locked state.

Locking Operations During Erase Suspend

Changes to block lock status can be performed
during an erase suspend by using the standard
locking command sequences to unlock, lock or
lock-down a block. This is useful in the case when
another block needs to be updated while an erase
operation is in progress.

To change block locking during an erase opera-
tion, first write the Erase Suspend command, then
check the status register until it indicates that the
erase operation has been suspended. Next write
the desired Lock command sequence to a block
and the lock status will be changed. After complet-
ing any desired lock, read, or program operations,
resume the erase operation with the Erase Re-
sume command.

If a block is locked or locked-down during an erase
suspend of the same block, the locking status bits
will be changed immediately, but when the erase
is resumed, the erase operation will complete.
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Table 10. Lock Status

Current

Protection Status(®
(WP, DQ1, DQO)

Next Protection Status(®
(WP, DQ1, DQO)

Program/Erase After After After Block After
Current State Allowed Block Lock Block Unlock Lock-Down WP transition
Command Command Command
1,0,0 yes 10,1 1,0,0 11,1 0,0,0
1,01@ no 1,01 1,0,0 1,1,1 0,01
1,10 yes 1,11 1,10 1,11 0,1,1
1,11 no 1,11 1,10 1,11 0,1,1
0,0,0 yes 0,0,1 0,0,0 0,11 1,0,0
0,0,1@ no 0,0,1 0,0,0 0,1,1 1,0,1
0,1,1 no 0,1,1 0,1,1 0,1,1 1,1,10r1,1,00

Note: 1. The lock status is defined by the write protect pin and by DQ1 (‘1 for a locked-down block) and DQO (‘1’ for a locked block) as read

in the Auto Select command with A1 = V|4 and A0 = V).

2. All blocks are locked at power-up, so the default configuration is 001 or 101 according to WP status.
3. A WP transition to V|y on a locked block will restore the previous DQO value, giving a 111 or 110.
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STATUS REGISTER

The Status Register provides information on the
current or previous Program or Erase operations.
Bus Read operations from any address within the
bank, always read the Status Register during Pro-
gram and Erase operations.

The various bits convey information about the sta-
tus and any errors of the operation.

The bits in the Status Register are summarized in
Table 12, Status Register Bits. Refer to Tables 11
and 12 in conjunction with the following text de-
scriptions.

Data Polling Bit (DQ7). When Program opera-
tions are in progress, the Data Polling bit outputs
the complement of the bit being programmed on
DQ7. For a Double Word Program operation, it is
the complement of DQ7 for the last Word written to
the Command Interface.

During an Erase operation, it outputs a '0’. After
completion of the operation, DQ7 will output the bit
last programmed or a '1’ after erasing.

Data Polling is valid and only effective during P/
E.C. operation, that is after the fourth W pulse for
programming or after the sixth W pulse for erase.
It must be performed at the address being pro-
grammed or at an address within the block being
erased. See Figure 21 for the Data Polling flow-
chart and Figure 12 for the Data Polling wave-
forms.

DQ?7 will also flag an Erase Suspend by switching
from '0’ to "1’ at the start of the Erase Suspend. In
order to monitor DQ7 in the Erase Suspend mode
an address within a block being erased must be
provided. DQ7 will output "1’ if the read is attempt-
ed on a block being erased and the data value on
other blocks. During a program operation in Erase
Suspend, DQ7 will have the same behavior as in
the normal program.

Toggle Bit (DQ6). When Program or Erase oper-
ations are in progress, successive attempts to
read DQ6 will output complementary data. DQ6
will toggle following the toggling of either G or E.
The operation is completed when two successive
reads give the same output data. The next read
will output the bit last programmed or a "1’ after
erasing.

The Toggle Bit DQ6 is valid only during P/E.C. op-
erations, that is after the fourth W pulse for pro-
gramming or after the sixth W pulse for Erase.
DQ6 will be setto "1’ if a read operation is attempt-
ed on an Erase Suspend block. When erase is
suspended DQ6 will toggle during programming
operations in a block different from the block in
Erase Suspend.
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See Figure 15 for Toggle Bit flowchart and Figure
13 for Toggle Bit waveforms.

Toggle Bit (DQ2). Toggle Bit DQ2, together with
DQ6, can be used to determine the device status
during erase operations.

During Erase Suspend a read from a block being
erased will cause DQ2 to toggle. A read from a
block not being erased will output data. DQ2 will
be set to '1' during program operation and to ‘0’ in
erase operation. If a read operation is addressed
to a block where an erase error has occurred, DQ2
will toggle.

Error Bit (DQ5). The Error Bit can be used to
identify if an error occurs during a program or
erase operation.

The Error Bit is set to ‘1’ when a program or erase
operation has failed. When it is set to ‘0’ the pro-
gram or erase operation was successful.

If any Program command is used to try to set a bit
from ‘0’ to ‘1’ Status Register Error bit DQ5 will be
set to ‘1", only if Vpp is in the range of 11.4V to
12.6V.

The Error Bit is reset by a Read/Reset command.
Erase Timer Bit (DQ3). The Erase Timer bit is
used to indicate the timeout period for an erase
operation.

When the last block Erase command has been en-
tered to the Command Interface and it is waiting
for the erase operation to start, the Erase Timer Bit
is set to ‘0. When the erase timeout period is fin-
ished, DQ3 returns to ‘1’, (80us to 120ps).

DQO, DQ1 and DQ4 are reserved for future use
and should be masked.

Table 11. Polling and Toggle Bits

Mode DQ7 DQ6 DQ2
Program DQ7 | Toggle 1
Erase 0 Toggle N/A

Erase Suspend Read
(in Erase Suspend 1 1
block)

Toggle

Erase Suspend Read
(outside Erase Suspend DQ7 DQ6 DQ2
block)

Erase Suspend Program DQ7 | Toggle 1
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Table 12. Status Register Bits

DQ Name Logic Level Definition Note
. Erase complete or erase block
1 .
in Erase Suspend.
0 Erase in progress Indicates the P/E.C. status, check
7 Data during Program or Erase, and on
Polling Program complete or data of completion before checking bits DQ5
bQ non erase block during Erase | for Program or Erase success.
Suspend.
DQ Program in progress(®
’-1-0-1-0-1-0-1- Erase or Program in progress Successive reads output
complementary data on DQ6 while
DQ Program complete Programming or Erase operations are
6 Toggle Bit in progress. DQG6 remains at constant
Erase complete or Erase level when P/E.C. operations are
-1-1-1-1-1-1-1~ Suspend on currently addressed completed or Erase Suspend is
block acknowledged.
s | enorbi ik Program or Erase Error This bit is set to '1’ in the case of
0 Program or Erase in progress Programming or Erase failure.
4 Reserved
P/E.C. Erase operation has started.
i Erase Timeout Period Expired Only possible command entry is Erase
Suspend
3 Erase Time -
Bit An additional block to be erased in
0 Erase Timeout Period in parallel can be entered to the P/E.C
progress provided that it belongs to the same
bank
Erase Suspend read in the
Erase Suspended Block.
'-1-0-1-0-1-0-1-" | Erase Error due to the currently
addressed block (when DQ5 =
2 | Toggle Bit ). Indicates the erase status and allows
L Program in progress or Erase to identify the erased block.
complete.
DO Erase Suspend read on non
Erase Suspend block.
1 Reserved
0 Reserved

Note: 1. Logic level '1’ is High, '0’ is Low. -0-1-0-0-0-1-1-1-0- represent bit value in successive read operations.
2. In case of double word program DQ7 refers to the last word input.
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MAXIMUM RATING

Stressing the device above the rating listed in the
Absolute Maximum Ratings table may cause per-
manent damage to the device. These are stress
ratings only and operation of the device at these or
any other conditions above those indicated in the
Operating sections of this specification is not im-

Table 13. Absolute Maximum Ratings

plied. Exposure to Absolute Maximum Rating con-
ditions for extended periods may affect device
reliability. Refer also to the STMicroelectronics
SURE Program and other relevant quality docu-
ments.

Symbol Parameter Value Unit
TA Ambient Operating Temperature () —40 to 85 °C
TBIAS Temperature Under Bias -40to 125 °C
Tste Storage Temperature -551to 155 °C
Vio @ Input or Output Voltage -0.5 to Vppg+0.5 Y
Vbp: VDDQ Supply Voltage -0.5t02.7
Vpp Program Voltage -0.5t0 13
Note: 1. Depends on range.
2. Minimum Voltage may undershoot to —2V during transition and for less than 20ns.
20/43 ﬁ
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DC AND AC PARAMETERS

This section summarizes the operating measure-
ment conditions, and the DC and AC characteris-
tics of the device. The parameters in the DC and
AC characteristics Tables that follow, are derived

Conditions summarized in Table 14, Operating
and AC Measurement Conditions. Designers
should check that the operating conditions in their
circuit match the operating conditions when rely-

from tests performed under the Measurement ing on the quoted parameters.

Table 14. Operating and AC Measurement Conditions

M59DRO032EA, M59DR032EB
85 100 120
Parameter Units
Min Max Min Max Min Max
Vpp Supply Voltage 18 2.2 1.65 2.2 1.65 22 \Y
Vbpg Supply Voltage 18 2.2 1.65 2.2 1.65 22
Vpp Supply Voltage 114 12.6 11.4 12.6 11.4 12.6 \Y
Ambient Operating Temperature - 40 85 - 40 85 —-40 85 °C
Load Capacitance (Cy) 30 30 30 pF
Input Rise and Fall Times 4 4 4 ns
Input Pulse Voltages 0 to Vppo 0 to Vppg 0to Vppg \Y
Input and Output Timing Ref. Voltages Vbpo/2 Vppo/2 Vppo/2
Figure 5. Testing Input/Output Waveforms Figure 6. AC Testing Load Circuit
VbDQ VppQ /2
oV 1N914
Al06186
3.3kQ
DEVICE
UNDER O ouTt
TEST
T )
C| includes JIG capacitance A06187
Table 15. Capacitance
Symbol Parameter Test Condition Min Max Unit
CiN Input Capacitance ViN =0V 6 pF
Court Output Capacitance VouT = 0V 12 pF

Note: Sampled only, not 100% tested.

573
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Table 16. DC Characteristics

Symbol Parameter Test Condition Min Typ Max Unit
ILi Input Leakage Current OV < VN Vpp +1 HA
ILo Output Leakage Current 0V £ VouT £ Vbp +5 LA

Supply Current E= == -
lcca (Read Mode) E=Vi, G=V, f=6MHz 3 6 mA
Supply Current PP =
lcc2 (Power-Down) RP = Vgg + 0.2V 2 10 HA
lccs Supply Current (Standby) E =Vpp +0.2V 10 50 HA
leca @ Supply Current Word Prggram, Block Erase 10 20 mA
(Program or Erase) in progress
Program/Erase in progress
lccs @ (Sglﬁ);l)égﬁlgem in one Bank, Read in the 13 26 mA
other Bank
Vpp Supply Current _ .
= + 0.6V
lpP1 (Program or Erase) Vep=12V£0.6 2 5 mA
lopp | VPP Supply Current Vep < VDD 0.2 5 HA
(Standby or Read) Vpp = 12V £ 0.6V 100 400 LA
ViL Input Low Voltage -0.5 0.4
VIH Input High Voltage Vbpg —0.4 Vppg + 0.4
VoL Output Low Voltage loL = 100pA 0.1
Output High Voltage
Vou CMgS 9 9 lon = —100pA Vbpg 0.1 v
Vpp @9 Vpp Supply Voltage —0.4 Vop +0.4
(Program or Erase) Double Word Program 11.4 12.6

Note: 1. Sampled only, not 100% tested.
2. Vpp may be connected to 12V power supply for a total of less than 100 hrs.
3. For standard program/erase operation Vpp is don’t care.
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Figure 7. Random Read AC Waveforms
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Figure 8. Page Read AC Waveforms
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Table 17. Read AC Characteristics
M59DR032E
Symbol Alt Parameter Test Condition 85 100 120 Unit
Min | Max [ Min | Max [ Min | Max

tay | tre | Aogress vaid to Next E=VLG=Vy | 85 100 120 ns
tavov tacc Cgﬁ;a(?a\rﬁlci)?nt)() Output E=V),G=V) 85 100 120 ns
tavovi tPAGE Cgltij(;e(;sagg;id to Output E=V),G=V) 30 35 45 ns

terox @ |tz Sﬂlﬁinﬁgiﬁ%ﬁ ° G=Vu 0 0 0 ns

teLQv @ | tce 82;?)5@;:3 Low to G=V 85 100 120 | ns

teox @ | toz 83:23: Err;?gi(taiol_r? e E=ViL 0 0 0 ns

teLQv @ toe 83:23: \E/;ﬁl(;)le Low to E= ViL 25 25 35 ns
tEHQX toH 83;%5?2'&:;?: 0 G=V 0 0 0 ns

teHQz (o] thz 82'@5”&“; High to G=V| 20 25 35 ns
arox | ton |QuPAEREHGNE [ ey, | g : e
tAXQX toH éﬂ%iﬁ':a{r?;zglr? nto E=ViL,G=V)_ 0 0 0 ns

Note: 1. Sampled only, not 100% tested. _
2. G may be delayed by up to teLqv - tcLov after the falling edge of E without increasing tg qv.
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Figure 9. Write AC Waveforms, Write Enable Controlled

< tAVAV >
A0-A20 X VALID X
- tWLAX >
[ (AVWL——> [—— tWHEH
E \ ]/
tELWL 1 > —— tWHGL
G { l
tGHWL > tWLWH ———>
W \ / ]
—— tWHWL
l«— tDVWH > > tWHDX
DQO-DQ15 VALID
VbD /l
tVDHEL —
Al06192
Note: Addresses are latched on the falling edge of W, Data is latched on the rising edge of W
Table 18. Write AC Characteristics, Write Enable Controlled
M59DR032E
Symbol Alt Parameter 85 100 120 Unit
Min | Max | Min | Max | Min | Max
tavav twc |Address Valid to Next Address Valid 85 100 120 ns
teLwL tcs | Chip Enable Low to Write Enable Low 0 0 0 ns
twLwH twp  |Write Enable Low to Write Enable High 50 50 50 ns
tDvwH tbs Input Valid to Write Enable High 40 50 50 ns
twHDX topn | Write Enable High to Input Transition 0 0 0 ns
tWHEH tcH | Write Enable High to Chip Enable High 0 0 0 ns
twHWL twpH [Write Enable High to Write Enable Low 30 30 30 ns
tavwiL tas  [Address Valid to Write Enable Low 0 0 0 ns
twLAX taH | Write Enable Low to Address Transition 50 50 50 ns
tGHWL Output Enable High to Write Enable Low 0 0 0 ns
tvDHEL tvcs | Vpp High to Chip Enable Low 50 50 50 us
twHGL toen |Write Enable High to Output Enable Low 30 30 30 ns
tpLQ7v gsjlé%vr\;t/%g::et Complete During 15 15 15 us
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Figure 10. Write AC Waveforms, Chip Enable Controlled

< tAVAV >
A0-A20 X VALID X
< tELAX >
[——— {AVEL —> [—— tEHWH
W \ ]’
tWLEL -« > —— tEHGL
G ,[ l
tGHEL > tELEH ———>
E \ / ]
—— {(EHEL
l«— {DVEH >ie > tEHDX
DQO-DQ15 VALID
VpD /l
tVDHWL —
Al06193
Note: Addresses are latched on the falling edge of E, Data is latched on the rising edge of E.
Table 19. Write AC Characteristics, Chip Enable Controlled
M59DR032E
Symbol Alt Parameter 85 100 120 Unit
Min Max Min Max Min Max
tavav twc [Address Valid to Next Address Valid 85 100 120 ns
twLEL tws |Write Enable Low to Chip Enable Low 0 0 0 ns
tELEH tcp [Chip Enable Low to Chip Enable High 50 50 50 ns
tDVEH tps |[Input Valid to Chip Enable High 40 50 50 ns
tEHDX ton | Chip Enable High to Input Transition 0 0 0 ns
tEHWH twH [ Chip Enable High to Write Enable High 0 0 0 ns
tEHEL tcpH [ Chip Enable High to Chip Enable Low 30 30 30 ns
tAVEL tas |Address Valid to Chip Enable Low 0 0 0 ns
tELAX taH | Chip Enable Low to Address Transition 50 50 50 ns
{GHEL Output Enable High Chip Enable Low 0 0 0 ns
tvDHWL tvcs |Vpp High to Write Enable Low 50 50 50 us
tEHGL toen [Chip Enable High to Output Enable Low 30 30 30 ns
tpLQ7v Erlzé_%vr\;?éggzet Complete During 15 15 15 us
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Figure 11. Reset/Power-Down AC Waveform

READ
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Al06194
Table 20. Reset/Power-Down AC Characteristics
M59DRO032E
Symbol | Alt Parameter Test Condition 85 100 120 Unit
Min [ Max | Min | Max | Min | Max
RP High to Data Vali
tPHQ7VL (ReadlgMct)(ée)ata alid 150 150 150 ns
RP High to Data Valid
tPHQ7V2 (Power-Down enabled) 50 50 50 HS
o During Program 10 10 10 us
tpLQ7V RP Low to Reset Complete
During Erase 20 20 20 ps
tPLPH trp | RP Pulse Width 50 50 50 ns
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Figure 12. Data Polling DQ7 AC Waveforms
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Figure 13. Data Toggle DQ6, DQ2 AC Waveforms
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Table 21. Data Polling and Toggle Bits AC Characteristics

M59DR032E
Symbol Parameter Unit
Min Max

Write Enable High to DQ7 Valid (Program, W Controlled) 8 100 Hs

TWHQTV Write Enable High to DQ7 Valid (Block Erase, W Controlled) 0.8 4 S
Chip Enable High to DQ7 Valid (Program, E Controlled) 8 100 Us

fEHQry Chip Enable High to DQ7 Valid (Block Erase, E Controlled) 0.8 4 S
to7vov Q7 Valid to Output Valid (Data Polling) 0 ns
Write Enable High to Output Valid (Program) 8 100 ps

WHQY Write Enable High to Output Valid (Block Erase) 0.8 4 S
Chip Enable High to Output Valid (Program) 8 100 ps

tErQV Chip Enable High to Output Valid (Block Erase) 0.8 4 S

Note: All other timings are defined in Read AC Characteristics

Figure 14. Data Polling Flowchart

Figure 15. Data Toggle Flowchart
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PACKAGE MECHANICAL

Figure 16. TFBGA48 7x12mm - 8x6 ball array, 0.75 mm pitch, Package Outline

D

A
Y

D1

\ 4
A
\ 4

FD
-4 SD

|
[y /'y

|

i

I

|

I 160000000 | o
00000000
.| 1999009001

E 00000000
Q0000000 —
—,00000Q00 lzzz::;%dw
BALL "A1" —] :
v B N E
A e >—ie > p A2

l | \ 4

Huuuuuuu'_ﬂ_ yy

»l

BGA-Z03

Note: Drawing is not to scale.

Table 22. TFBGA48 7x12mm - 8x6 ball array, 0.75 mm pitch, Package Mechanical Data

millimeters inches
Symbol
Typ Min Max Typ Min Max

A 1.350 0.0531
Al 0.300 0.200 0.350 0.0118 0.0079 0.0138
A2 1.000 0.0394

0.300 0.550 0.0118 0.0217

D 7.000 6.900 7.100 0.2756 0.2717 0.2795
D1 5.250 - - 0.2067 - —
ddd 0.100 0.0039

E 12.000 11.900 12.100 0.4724 0.4685 0.4764
El 3.750 - - 0.1476 - -

e 0.750 - - 0.0295 - -
SD 0.375 - - 0.0148 - -
SE 0.375 - - 0.0148 - -
FE 4.125 - - 0.1624 — -
FD 0.875 - - 0.0344 - -
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Figure 17. TFBGA48 7x7mm - 8x6 ball array, 0.75 mm pitch, Package Outline
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Note: Drawing is not to scale.

Table 23. TFBGA48 7x7mm - 8x6 ball array, 0.75 mm pitch, Package Mechanical Data

millimeters inches
Symbol
Typ Min Max Typ Min Max

A 1.200 0.0472
Al 0.200 0.0079
A2 0.800 0.0315

0.400 0.350 0.450 0.0157 0.0138 0.0177

D 7.000 6.900 7.100 0.2756 0.2717 0.2795
D1 5.250 - - 0.2067 - -
ddd 0.100 0.0039

E 7.000 6.900 7.100 0.2756 0.2717 0.2795
E1l 3.750 - - 0.1476 - -

e 0.750 - - 0.0295 - -
FD 0.875 - - 0.0344 - -
FE 1.625 - — 0.0640 - -
SD 0.375 - - 0.0148 - -
SE 0.375 - - 0.0148 - -
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Figure 18. TFBGA48 Daisy Chain - Package Connections (Top view through package)
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Figure 19. TFBGA48 Daisy Chain - PCB Connection Proposal (Top view through package)
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PART NUMBERING
Table 24. Ordering Information Scheme
Example: M59DR0O32EA

Device Type
M59

Architecture
D = Dual Bank, Page Mode

Operating Voltage
R=1.8V

Device Function
032EA = 32 Mbit (x16), Dual Bank: 1/8-7/8 partitioning, Top Boot
032EB = 32 Mbit (x16), Dual Bank: 1/8-7/8 partitioning, Bottom Boot

Random Speed

10 ZB 6

85 = 85ns
10 = 100ns
12 = 120ns

Package

ZB = TFBGA48: 7 x 12mm, 0.75mm pitch
ZF = TFBGA48: 7 x 7mm, 0.75mm pitch

Temperature Range

1=0to70°C
6 =-40to 85°C

Option

T

blank = Standard Packing

T = Tape & Reel packing

E = Lead-Free Package, Standard Packing

F = Lead-Free Package, Tape & Reel Packing
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Table 25. Daisy Chain Ordering Scheme
Example:

Device Type

M59DRO032E

M59DRO032E

Daisy Chain

-ZB T

ZB = TFBGA48: 7x12mm, 0.75mm pitch
ZF = TFBGAA48: 7 x 7mm, 0.75mm pitch

Option

blank = Standard Packing

T = Tape & Reel packing

E = Lead-Free Package, Standard Packing

F = Lead-Free Package, Tape & Reel Packing

Devices are shipped from the factory with the memory content bits erased to '1’. For a list of available op-
tions (Speed, Package, etc.) or for further information on any aspect of this device, please contact the ST

Sales Office nearest to you.
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APPENDIX A. BLOCK ADDRESSES

Table 26. Bank A, Top Boot Block Addresses

M59DRO32EA 38 32 130000h-137FFFh
. 37 32 128000h-12FFFFh
# Size Address Range
(KWord) 36 32 120000h-127FFFh
14 4 1FF000h-1FFFFFh 35 32 118000h-11FFFFh
13 4 1FEOO00h-1FEFFFh 34 32 110000h-117FFFh
12 4 1FD000h-1FDFFFh 33 32 108000h-10FFFFh
11 4 1FC000h-1FCFFFh 32 32 100000h-107FFFh
10 4 1FB0O00Oh-1FBFFFh 31 32 0F8000h-0OFFFFFh
9 4 1FA000h-1FAFFFh 30 32 0F0000h-OF7FFFh
8 4 1F9000h-1F9FFFh 29 32 OE8000h-OEFFFFh
7 4 1F8000h-1F8FFFh 28 32 OE0000h-OE7FFFh
6 32 1F0000h-1F7FFFh 27 32 0D8000h-0DFFFFh
5 32 1E8000h-1EFFFFh 26 32 0DO0000h-0D7FFFh
4 32 1EO0000h-1E7FFFh 25 32 0C8000h-0CFFFFh
3 32 1D8000h-1DFFFFh 24 32 0C0000h-0C7FFFh
2 32 1D0000h-1D7FFFh 23 32 0B8000h-OBFFFFh
1 32 1C8000h-1CFFFFh 22 32 0B0000h-0B7FFFh
0 32 1C0000h-1C7FFFh 21 32 0A8000h-0AFFFFh
20 32 0A0000h-0A7FFFh
Table 27. Bank B, Top Boot Block Addresses 19 32 098000h-09FEEFh
M59DRO0O32EA
- 18 32 090000h-097FFFh
# Size Address Range i
(KWord) 17 32 088000h-08FFFFh
55 32 1B8000h-1BFFFFh 16 32 080000h-087FFFh
54 32 1B0000h-1B7FFFh 15 32 078000h-07FFFFh
53 32 1A8000h-1AFFFFh 14 32 070000h-077FFFh
52 32 1A0000h-1A7FFFh 13 32 068000h-06FFFFh
51 32 198000h-19FFFFh 12 32 060000h-067FFFh
50 32 190000h-197FFFh 11 32 058000h-05FFFFh
49 32 188000h-18FFFFh 10 32 050000h-057FFFh
48 32 180000h-187FFFh 9 32 048000h-04FFFFh
47 32 178000h-17FFFFh 8 32 040000h-047FFFh
46 32 170000h-177FFFh 7 32 038000h-03FFFFh
45 32 168000h-16FFFFh 6 32 030000h-037FFFh
44 32 160000h-167FFFh 5 32 028000h-02FFFFh
43 32 158000h-15FFFFh 4 32 020000h-027FFFh
42 32 150000h-157FFFh 3 32 018000h-01FFFFh
41 32 148000h-14FFFFh 2 32 010000h-017FFFh
40 32 140000h-147FFFh 1 32 008000h-00FFFFh
39 32 138000h-13FFFFh 0 32 000000h-007FFFh
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Table 28. Bank B, Bottom Boot Block

Addresses M59DR032EB 19 %2 0DO00O-0D7FFFh
. 17 32 0C8000h-0CFFFFh
# Size Address Range
(KWord) 16 32 0C0000h-0C7FFFh
55 32 1F8000h-1FFFFFh 15 32 0B8000h-0BFFFFh
54 32 1F0000h-1F7FFFh 14 32 0B0000h-0B7FFFh
53 32 1E8000h-1EFFFFh 13 32 0A8000h-0AFFFFh
52 32 1E0000h-1E7FFFh 12 32 0A0000h-0A7FFFh
51 32 1D8000h-1DFFFFh 11 32 098000h-09FFFFh
50 32 1D0000h-1D7FFFh 10 32 090000h-097FFFh
49 32 1C8000h-1CFFFFh 9 32 088000h-08FFFFh
48 32 1C0000h-1C7FFFh 8 32 080000h-087FFFh
47 32 1B8000h-1BFFFFh 7 32 078000h-07FFFFh
46 32 1B0000h-1B7FFFh 6 32 070000h-077FFFh
45 32 1A8000h-1AFFFFh 5 32 068000h-06FFFFh
44 32 1A0000h-1A7FFFh 4 32 060000h-067FFFh
43 32 198000h-19FFFFh 3 32 058000h-05FFFFh
42 32 190000h-197FFFh 2 32 050000h-057FFFh
41 32 188000h-18FFFFh 1 32 048000h-04FFFFh
40 32 180000h-187FFFh 0 32 040000h-047FFFh
39 32 178000h-17FFFFh
38 32 170000h-177FEEN Table 29. Bank A, Bottom Boot Block
37 32 168000h-16FFFFh Addresses MSgDRO32EB
# Size Address Ran
36 32 160000h-167FFFh (KWord) ge
35 32 158000h-15FFFFh 14 32 038000h-03FFFFh
34 32 150000h-157FFFh 13 32 030000h-037FFFh
33 32 148000h-14FFFFh 12 32 028000h-02FFFFh
32 32 140000h-147FFFh 11 32 020000h-027FFFh
31 32 138000h-13FFFFh 10 32 018000h-01FFFFh
30 32 130000h-137FFFh 9 32 010000h-017FFFh
29 32 128000h-12FFFFh 8 32 008000h-00FFFFh
28 32 120000h-127FFFh 7 4 007000h-007FFFh
27 32 118000h-11FFFFh 6 4 006000h-006FFFh
26 32 110000h-117FFFh 5 4 005000h-005FFFh
25 32 108000h-10FFFFh 4 4 004000h-004FFFh
24 32 100000h-107FFFh 3 4 003000h-003FFFh
23 32 OF8000h-OFFFFFh 2 4 002000h-002FFFh
22 32 OF0000h-OF7FFFh 1 4 001000h-001FFFh
21 32 OE8000h-0EFFFFh 0 4 000000h-000FFFh
20 32 OE0000h-OE7FFFh
19 32 0D8000h-0DFFFFh
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APPENDIX B. COMMON FLASH INTERFACE

The Common Flash Interface is a JEDEC ap-
proved, standardized data structure that can be
read from the Flash memory device. It allows a
system software to query the device to determine
various electrical and timing parameters, density
information and functions supported by the mem-
ory. The system can interface easily with the de-
vice, enabling the software to upgrade itself when
necessary.

When the Read CFI Query Command is issued
the device enters CFl Query mode and the data

Table 30. Query Structure Overview

structure is read from the memory. Tables 30, 31,
32 and 33 show the address used to retrieve each
data. The Query data is always presented on the
lowest order data outputs (DQO-DQ7), the other
outputs (DQ8-DQ15) are set to 0.

The CFI data structure contains also a security
area starting at address 81h. This area can be ac-
cessed only in read mode and it is impossible to
change after it has been written by ST. Issue a
Read command to return to Read mode.

Offset Sub-section Name

Description

00h Reserved

Reserved for algorithm-specific information

10h CFI1 Query Identification String

Command set ID and algorithm data offset

1Bh System Interface Information

Device timing & voltage information

27h Device Geometry Definition Flash device layout
. . . Additional information specific to the Primary
P Primary Algorithm-specific Extended Query table Algorithm (optional)
A Alternate Algorithm-specific Extended Query table Additional information specific to the Alternate

Algorithm (optional)

Table 31. CFI Query Identification String

Offset Data Description
00h 0020h Manufacturer Code
00A1h - bottom .
01h 00AOh - top Device Code
02h-0Fh reserved Reserved
10h 0051h Query Unigue ASCII String "QRY"
11h 0052h Query Unigue ASCII String "QRY"
12h 0059h Query Unigue ASCII String "QRY"
13h 0002h Primary Algorithm Command Set and Control Interface ID code 16 bit ID code
14h 0000h defining a specific algorithm
15h offset = P = 0040h
Address for Primary Algorithm extended Query table
16h 0000h
17h 0000h Alternate Vendor Command Set and Control Interface ID Code second vendor
18h 0000h - specified algorithm supported (note: 0000h means none exists)
1%h value = A=0000h | address for Alternate Algorithm extended Query table
1Ah 0000h note: 0000h means none exists
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Table 32. CFl Query System Interface Information

Offset Data Description
Vpp Logic Supply Minimum Program/Erase or Write voltage
1Bh 0017h bit 7to 4 BCD value in volts
bit 3to 0 BCD value in 100 millivolts
Vpp Logic Supply Maximum Program/Erase or Write voltage
1Ch 0022h bit 7to 4 BCD value in volts
bit 3to 0 BCD value in 100 millivolts
Vpp [Programming] Supply Minimum Program/Erase voltage
bit 7to 4 HEX value in volts
1Dh 0000 bit3toO  BCD value in 100 millivolts
Note: This value must be 0000h if no Vpp pin is present
Vpp [Programming] Supply Maximum Program/Erase voltage
bit 7to 4 HEX value in volts
1Eh 00COh bit3toO  BCD value in 100 millivolts
Note: This value must be 0000h if no Vpp pin is present
1Eh 0004h Typical timeout per single byte/word program (multi-byte program count = 1), 2" us
(if supported; 0000h = not supported)
20h 0003h Typical timeout for maximum-size multi-byte program or page write, 2" ps
(if supported; 0000h = not supported)
Typical timeout per individual block erase, 2" ms
21h 000Ah :
(if supported; 0000h = not supported)
Typical timeout for full chip erase, 2" ms
22h 0000h ;
(if supported; 0000h = not supported)
23h 0003h Maximum timeout for byte/word program, 2" times typical (offset 1Fh)
(0000h = not supported)
24h 0004h Maximum timeout for multi-byte program or page write, 2" times typical (offset 20h)
(0000h = not supported)
25h 0002h Maximum timeout per individual block erase, 2" times typical (offset 21h)
(0000h = not supported)
26h 0000h Maximum timeout for chip erase, 2" times typical (offset 22h)
(0000h = not supported)
40/43 IS7]




M59DR0O32EA, M59DR032EB

Table 33. Device Geometry Definition

Offset Word

Mode Data Description
27h 0016h Device Size = 2" in number of bytes
28h 0001h ) I
Flash Device Interface Code description: Asynchronous x16
29h 0000h
2Ah 0000h ) . ) i n
>Bh 0000h Maximum number of bytes in multi-byte program or page = 2
2Ch 0002h Number of Erase Block Regions within device
bit 7 to 0 = x = number of Erase Block Regions
Note:1. x = 0 means no erase blocking, i.e. the device erases at once in "bulk."
2. x specifies the number of regions within the device containing one or more
contiguous Erase Blocks of the same size. For example, a 128KB device
(1Mb) having blocking of 16KB, 8KB, four 2KB, two 16KB, and one 64KB is
considered to have 5 Erase Block Regions. Even though two regions both
contain 16KB blocks, the fact that they are not contiguous means they are
separate Erase Block Regions.
3. By definition, symmetrically block devices have only one blocking region.
M59DR032EA | M59DR0O32EA [ Erase Block Region Information
2Dh 003Eh . T . .
bit 31 to 16 = z, where the Erase Block(s) within this Region are (z) times 256 bytes
2Eh 0000h in size. The value z = 0 is used for 128 byte block size.
2Fh 0000h e.g. for 64KB block size, z=0100h = 256 => 256 * 256 = 64K
30h 0001h bit 15 to 0 =y, where y+1 = Number of Erase Blocks of identical size within the Erase
31h 0007h Block Region:
32h 0000h e.g. y=D15-DO = FFFFh=> y+1 = 64K blocks [maximum number]
h h y = 0 means no blocking (# blocks = y+1 = "1 block")
33 0020 Note: y = 0 value must be used with number of block regions of one as indicated
34h 0000h by (x)=0
M59DR032EB | M59DR032EB
2Dh 0007h
2Eh 0000h
2Fh 0020h
30h 0000h
31h 003Eh
32h 0000h
33h 0000h
34h 0001h
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REVISION HISTORY

Table 34. Document Revision History

Date

Version

Revision Details

05-Feb-2002

-01

First Issue

04-Apr-2002

Document classified as Preliminary Data. Top and Bottom Device Codes modified,
Program commands text clarified, Table 4, Commands modified, Table 9, Program and
Erase Times modified, Status Register Error bit DQ5 text clarified, Table 21, Data
Polling and Toggle Bits AC Characteristics modified.

05-Sep-2002

2.1

Revision numbering modified: a minor revision will be indicated by incrementing the
digit after the dot, and a major revision, by incrementing the digit before the dot
(revision version 02 equals 2.0).

Locked block condition at Reset specified in the Summary Description. Read CFl
Query Command, Auto Select Command, Enter Bypass Mode Command, Block Erase
Command, Bank Erase Command and Erase Suspend Command specified. Auto
Select command modified in Table 4, Commands. States of lines A8-A20 modified in
Table 5, Read Electronic Signature. States of lines A8-A20 modified in Table 8, Read
Protection Register. Note corresponding to DQ3 at ‘0’ specified in Table 12, Status
Register Bits.

04-Dec-2002

2.2

Figures 18 and 19 added (TFBGA48 Daisy Chain - Package Connections (Top view
through package) and TFBGA48 Daisy Chain - PCB Connection Proposal (Top view
through package), respectively).

85ns Speed Class added.

22-Apr-2003

3.0

Document promoted from Preliminary Data to full Datasheet status.
TFBGA48, 7 x 7mm, 0.75mm pitch package added. 85ns Speed Class characterized.
Performance of Bank Erase Command specified.
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Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the consequences
of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No license is granted
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