





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































AN1005 - APPLICATION NOTE

Figure 2. The First Three Bytes of an XI2C Data Transfer

b7 b6 b5 b4 b3 b2 b1 b0

1st byte: 1 0 1 ]
E2 E1 EO RW

b7 b6 b5 b4 b3 b2 b1 b0

2nd byte:
A15 Al4 A13 A12 A1 A10 A9 A8

b7 b6 b5 b4 b3 b2 b1 bo
3rd byte: | l

A7 A6 A5 A4 A3 A2 A1 A0

NEW PRODUCTS

The first devices to use the XI2C standard are listed in Table 1. The total theoretical capacity is 4 Mb, so
future ST product growth is assured for many years to come.

Table 1. Members of the M24xxx Eagle Range

Product Description
M24C32 32 Kb XI°C EEPROM, organised as 4 Kbyte
M24C64 64 Kb XI°C EEPROM, organised as 8 Kbyte
M24128 128 Kb XI2C EEPROM, organised as 16 Kbyte
M24256 256 Kb XI°C EEPROM, organised as 32 Kbyte
M24512 512 Kb XI2C EEPROM, organised as 64 Kbyte
5[- 3/3
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The Write Control Feature on 1°C EEPROM

The ST24xxx/ST25xxx EEPROM devices are fully compatible with the 12C ™ standard. Some, though,
have the extra feature of offering a hardware write control (WC) line. The purpose of this document is to
highlight the advantages of this facility.

On the ST24Cxx/ST25Cxx 12C EEPROM devices, pin 7 is used to select between the multibyte and page-
write modes. On the ST24Wxx/ST25Wxx 12C EEPROM devices, this is replaced by the WC line, as shown
in Figure 1.

Figure 1. ST24xxx/ST25xxx Pin Connections

ST24Cxx/ST25Cxx ST24Wxx/ST25Wxx

eoff1 ~ 8flvee Eof1 ~ 8llvee

E1[]2 7 [IMODE E1[]2 7WC

E2[|3 6[1ScL E2[]3 61SCL

Vss 4 5[1SDA Vssll4 5[] SDA
AI02404 A102405

WC is an active-low signal. When it is held low, erase and write commands are executed; when it is held
high, erase and write operations are inhibited (and any erase or write commands issued by the master
device are ignored).

This feature has been designed to be used by the application hardware whenever there is any question
as to the validity of the data. The device can thereby reject the data, and wait for the master device to send
it again. In particular, the ST24W/25Wxx series, in combination with suitable hardware design, can offer
better data protection against the following conditions:

during power-up and power-down sequences, when voltage levels are wandering out of specification

whenever high levels of electrical noise are detected, and the validity of the received data becomes
questionable

whenever the 12C bus is shared by devices using other protocols, and unexpected conflicts arise
m under other detectable fault conditions, specific to the application.

For specific examples of the use of this feature, please see Application Notes AN404 and AN627.

March 1999 11
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Changing from the ST95P08 to the M95080 in Your Application
Using a Simple Software Recognition Method

The members of the new M95xxx, SPI serial-bus, EEPROM chips offer features that were not available
with the ST95xxx family. Table 1 summarizes the main differences between the new 8 Kbit M95080 mem-
ory, and the ST95P08, by way of example.

This document is aimed at helping the designer to convert designs from using the ST95P08 to using the
M95080. It concludes by indicating a simple algorithm that can be used in the application software to de-
tect which of the two devices is being used.

Table 1. Differences and Improvements

(Functional and Electrical) Between the ST95P08 and the M95080

ST95P08 M95080
Memory capacity 8 Kbit 8 Kbit
45Vto55V
Supply range (Vgg) 3Vto55V 25Vto55V
18Vto 36V
Clock frequency (fyax) 2 MHz 5 MHz
-40 to 85 °C (6)
Temperature range -40to0 85 °C -20to 85 °C (5)
-40to 125 °C (3)
Page size 16 Bytes 32 Bytes
Number of address bytes 1 2
Block protection (BP1,BP0) yes yes
i0pAat5V
lcc stand-by S?OuAAat fésvv 2pAat2.5Vv
HA @ 1pAat1.8V
4mAat2or5MHzat5V
Icc operating 2 mA at2 MHz 2mAat2MHzat5 Vv

2mAat1MHzat1.8V

W feature (write control)

Hardware write protection of the entire

memory array.

Hardware write protection of the BPn
protected area, and of the status register

Status register format

1111BP1BP0OWEL WIP

SRWD XXX BP1 BPO WEL WIP

Write cycle time (max.)

10 ms

10 ms

Instruction format

000Xy Xq o141

00000114 lo

March 1999
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The W feature

Both the ST95P08 and M95080 support the software protection mode using the BP1 and BPO status reg-

ister bits. However, their behaviors are different with the use of the W pin.

On the ST95P08, the W pin controls the write access to the memory array:

m W=1: write enabled throughout the entire memory array that is not software write-protected

m W=0: write disabled throughout the entire memory array

On the M95080, the W pin provides hardware write protection of the status register (SR), except for the

WIP and WEL bits. When bit 7 (SRWD, the Status Register Write Disable bit) of the status register is ‘0’

(the initial delivery state), it is possible to write to the status register once the WEL (Write Enable Latch)

has been set, and regardless of the status of pin W (high or low).

Once bit 7 (SRWD) of the status register has been set to ‘1’, the possibility to rewrite the SR depends on

the logical level present at pin W:

— If W pin is high, it is possible to write to the status register after setting the WEL (Write Enable Latch).

— If W pin is low, any attempt to modify the status register is ignored by the device, even if the WEL is
set. Consequently, all the data bytes in the EEPROM area that are protected by the BPn bits of the

status register, are also hardware protected against data corruption, and become a Read Only EE-
PROM area from the microcontroller. This mode is called the Hardware Protected Mode (HPM).

It is possible to enter the Hardware Protected Mode (HPM) by setting the SRWD bit after pulling down the
W pin, or by pulling down the W pin after setting SRWD bit.

The only way to return from the Hardware Protected Mode, once entered, is to pull the W pin high.

If the W pin is permanently tied high, the Hardware Protected Mode cannot be activated, and the Memory
only allows the user to software-protect a part of the memory using the BPn bits of the status register. The
protection features of the device are summarized in Table 2.

Table 2. Write Protection Control on the M95080

_ Data Bytes
w Sl;\gD Mode Status Register
Protected Area Unprotected Area
1 0
Software . Software write protected . .
0 0 Protected Wnteable\aN aEftLer setting by the BPn of the status Writeable z‘;:/tg- setting the
(SPM) register
1 1
Hardware . .
0 1 Protected | Hardware write protected | Hardware write protected Writeable after setting the
(HPM) WEL

Instruction code
Using the two standard address bytes, M95080 instructions take the following format:
0000015141
(where I, 14 and Iy are the instruction bits).
The ST95P08, on the other hand, does not support the standard two byte addressing mode for high den-

sities. Instead, the A8 and A9 address bits are placed beside the instruction bits, according to the following
format:

000Xy Xq oyl

g
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(where X, and X, are respectively A9 and A8 for Read and Write operations, and are Don’t Care bits for
others).

SOFTWARE RECOGNITION ALGORITHM

This last difference can be used by the application software to differentiate between the two types of mem-

ory device. (For a further summary, please see the comparison of the instruction formats of the two devic-

es, in Table 3).

The WREN instruction is used, prior to any write attempt to the memory, to set an internal logical bit of the

status register which has to be set to 1 to try a write access to the memory.

As described above in the “instruction format“ section, 0001 1101 is a valid WREN instruction code for the

ST95P08, and is not a valid WREN instruction for the M95080.

The following algorithm is short, and easy to insert in the MCU code. It is also safe to use, inasmuch that

it does not attempt to write to any non volatile bits.

— Master sends the WREN instruction “0001 1110“ to the memory (note that b3 and b4 are “1”).

— Master sends the RDSR instruction “0000 0101“ to the memory (note that b3 and b4 are “0” to avoid
the High-Z state on the Q-bus during WEL bit read) and stores the value of the WEL bit in a variable
that we will refer to as WEL1.

— Master sends the WRDI instruction “0001 1100“ to the memory (note that b3 and b4 are “1”).

— Master sends the RDSR instruction “0000 0101 to the memory (again, b3 and b4 are “0” to avoid the
High-Z state on the Q-bus during WEL bit read) and stores the value of the WEL bit in a variable that
we will refer to as WEL2.

-~ If (WEL1,WEL2)=(1,0)
then the EEPROM device is a ST95P08
else the EEPROM device is an M95080

Table 3. Differences Between the ST95P08 and the M95080 Instruction Formats

Instruction Format
Instruction Description
ST95P08 M95080
WREN Set Write Enable Latch 000X X110 0000 0110
WRDI Reset Write Enable Latch 000X X100 0000 0100
RDSR Read Status Register 000X X101 0000 0101
WRSR Write Status Register 000X X001 0000 0001
READ Read Data from Memory Array 000A AO11 0000 0011
WRITE Write Data to Memory Array 000A A010 0000 0010

Notes: 1. A =1 ndicates that the upper page is selected; A = 0 indicates that the lower page Is selected
2. X =Don't Care

S
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MICROWIRE EEPROM COMMON 1/O OPERATION

Within STMicroelectronics’ broad spectrum of different types of serial access EEPROM product, the MI-
CROWIRE® family is based on a 4-wire interface. The four lines consist of: the Clock Input (C), the Chip
Select Input (S), the Serial Data Input (D), and the Serial Data Output (Q).

Some microprocessor chips, such as ST’s microcontroller series, include an on-chip Serial Peripheral In-
terface (SPI). The MICROWIRE interface is ideally suited to use with these devices. However, the MICRO-
WIRE EEPROM devices can also be used with any general purpose microcontroller, provided that care is
taken not to allow signal conflicts to result. This document discusses how to avoid such conflicts when
tying the D and Q lines together as a single bus.

While commands, addresses or data are being shifted into the D serial input of the EEPROM device, the
Q output is held in the high impedance state. It should be possible, therefore, to tie the D and Q pins to-
gether to provide a common D/Q bus, as depicted in Figure 1. The device can, indeed, operate correctly
in this configuration, provided that appropriate design rules are followed.

The potentially troublesome situations are during commands which activate the Q output (such as
READ,WRITE, ERASE, WRAL and ERAL). This document considers these cases, and recommends the
most conservative solution to each problem. In order to provide the designer with a safe design guide, all
calculations are based on worst case values, as found in the data sheets for these EEPROM devices.

Figure 1. Typical Application of the Common-D/Q Approach

D Driver EEPROM Device

l\ Common D/Q Bus
Datain » ' D
. Lo
Driver Enable

(active low)

Q Receiver c s

Data Out

Clock In >

Chip Select In »
AI02419

READ INSTRUCTION

The D driver and the Q receiver, in Figure 1, can be discrete logic, or part of a microcontroller I/O port, or
any equivalent circuitry. The READ command and its address bits are clocked into the chip, through the
D pin, on the rising edges of the C clock. Each bit must be kept valid for a minimum hold time (tDVCH) as
specified in the data sheet for the memory device. The device holds the Q pin in the high impedance state
during most of the input operation. However, as Figure 2 shows, the Q pin is taken out of this state at the

March 1999 1/9
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start of the last address bit (AO) of the instruction (signalled by the rising edge of C), and starts to output
the leading zero that precedes the 16-bit data string. The data sheets specify the maximum delay (tCHQL)
between the rising edge of C and the leading zero data bit.

Figure 2. Timing Sequence for a Read Instruction

s/

D F|1lO|A5|A4|A3|A2|A1iAOi .......
Q High Impedance } 0 iD15ID14|D1ﬂD12|D11|D10—rD49I:::::
Bus Conflict

A102420

Since the D driver must remain enabled with the A0 bit for a minimum of tDVCH (the hold time), a bus
conflict occurs whenever the A0 bit is a “1”, as it would be for all odd addressed registers). The conse-
quences are:

— Alowimpedance path is created between Vcc and ground through the D driver and the on-chip Q output
buffer (as depicted in Figure 3). This short-circuit may produce glitches on the power supply which can
disturb all the circuits on the board.

— The logic level on the D/Q bus is not well-defined: the potential divider chain, so created, can end up
producing a voltage level anywhere between Vcc and 0 V. Thus access to the odd addressed registers
will probably be impossible.

Figure 3. Short-Circuit Created Between Vcc and Ground

Vee

D Dniver ( N EEPROM Device
Common D/Q Bus

AO="1" » D
|~

Low Impedance Path

Q El - Output

Buffer
‘Eu-

o

Al02424

g
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This problem can be avoided by inserting a current limiting resistor in the current sink path. Figure 4 shows
some possible locations for this resistor. However, the best location is between the Q output and the D/Q
bus for the following reasons:

— During the overlap time, only the D driver is providing useful information. The Q driver simply outputs a
constant zero. By placing the resistor in this position, the D driver overrides the Q driver at setting the
logic level on the D/Q bus, thereby allowing the last address bit to be presented on the D pin for the
specified hold time (tDVCH).

— The R resistor slows down the propagation time of the Q output signals on the D/Q bus, as discussed
later in this document. In this position, the resistor only slows down the transmission of the 16 bits of
data during a READ operation. If R were in series with the D driver, all operations would ‘be slowed
down.

Figure 4. Possible Locations for the Current Limiting Resistor

Vee
:']'i
A E (If D dnver is an
D Driver A E. _E open collector type) EEPROM Device
A="1" FTTTT | o

e .

Not Recommended

Locations /1 Q = Output
Buffer
Recommended =

Location
o

AI02421

The R resistor does not have any effect as long as Q is in its high impedance state. During the execution
of a READ instruction, R sinks some current from the D driver during the short overlap time. Then the D
driver is disabled and Q output takes control of the D/Q bus through the R resistor.

Because of the bus capacitance, C, the signals are distorted, as shown in Figure 5 (on the next page): the

rising and falling edges of the Q output are transformed into exponential curves whose shape depends on
the time constant RC.

g
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Figure 5. Exponential Charge and Discharge of the Bus Capacitance

% of the
Voltage Swing

4
95%
86%

63%

37%

13%

: 5%
T :

T T T
0 RC 2xRC 3xRC 0 RC 2xRC 3xRC

RC = Time Constant AI02422

As a consequence, the logic level on the D/Q bus is not stable until some time after the rising edge of the
C clock. The delay in reading the bus should be at least 3xRC.

In a typical data sheet for a 5 V device, VOH(min) = 2.4 V and VOL(max) = 0.4 V, so giving a voltage swing
of 2 V. Using the 3xRC approximation, the D/Q bus levels will be:

— logical “1” = 2.3 V minimum after a delay of 3xRC

— logical “0” = 0.5 V maximum after the C rising edge

It might be necessary to reduce the C clock frequency, when shifting the 16 data bits out from the EEP-
ROM during a READ operation, by an amount that is directly related to the RC time constant of the D/Q
bus. All other operations can be performed at the nominal clock rate.

Figures 6, 7, 8 show some experimental examples, plotted from the oscilloscope, with different values of
R and C. In the last example, the maximum clock frequency is: 1/(3xRC) = 100 kHz, assuming that the D/
Q bus is sampled by the Q receiver circuitry just before the rising edge of the C clock.

g
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Figure 6. Oscilloscope Plot, R =10 kQ, C =100 pF, RC =1 pus

10 uS
AI02425

UL
N
S

IC

clock

D/Q bus

Tr——'

1

=

Q output

D driver enable

) (1 = disabled)
Ap bit I T— D/Q bus is now dniven by Q
is'1' D driver is disabled here
Q output
a'0' bit
Figure 7. Oscilloscope Plot, R = 5 kQ2, C = 100 pF, RC = 500 ns
10pS

AI02426 +—>

[

C clock

-

T

T L T T T T T 1
| I | Q output
T D driver enable
(1 = disabled)
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Figure 8. Oscilloscope Plot, R = 10 kQ, C = 330 pF, RC =3.3 us

10pS
Ai02427 -

L T,

C clock
R - = 2 :
. N / .\ . [/ . oabus
1 1 1 ! + ! :
T T T T I | T T -
I ' | _ Qoutput

D driver enable
(1 = disabled)

o 11

In order to avoid over reducing the clock frequency, the following techniques can be used to minimize the
R and C values:
= To minimize the bus capacitance:

— the EEPROM device should be position as close as possible to the D-driver/Q-receiver circuitry (the ca-
pacitance is proportional to the surface area of the bus line).

— As few devices as possible should share the D/Q bus (the capacitance is proportional to the number of
input gates connected to the bus).

= To minimize the resistor value:
— Find, from the data sheet, the maximum current that the D driver can source, and divide this value into
the value of Vcc.

- Find the maximum transient current that the power supply can source without glitches being introduced
on to the power lines, and divide this value into the value of Vcc.

— ltis up to the designer to decide the best trade-off, based upon his specific application’s requirements,
but the resistor value should not be less than the higher of the two values calculated above.

INTERFACE WITH CMOS CIRCUITS

The MICROWIRE EEPROM specification makes these devices compatible with TTL input/output levels.
When interfacing these devices to CMOS circuits, however, some precautions must be taken, to ensure
the correct interpretation of the logic levels.

Since the output-high level is close to VCC, and the output-low level is close to 0 V, there are no difficulties
in driving the D, S and C inputs of the EEPROM devices.

For the Q output, though, the minimum output-high level is specified as being 2.4 V, which is lower than
the minimum input-high level of CMOS (3.5 V for Vcc = 5 V). A common practice is to connect a pull-up
resistor, Rp, between the Q output and Vcc.

This solution works well when D and Q are separate. However, it raises some difficulties when D and Q
are tied together.

619 o7
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When the Q output is at a “zero” level (VOL= 0.4 V), during the overlap period, the R and Rp resistors form
a potential divider chain, as shown in Figure 9. Rp must have a resistance greater than 5 times that of R.
This means that the “zero” level on the D/Q bus is: 0.4 V + (5V -0.4 V) x R/ (R + Rp) = 1.17 V. Although
this value is 330 mV below the 1.5 V maximum input-low level for CMOS, it does mean losing the wide
noise margin that is traditionally associated with the CMOS specification.

Figure 9. D/Q Bus Configuration with Pull-up Resistor (Rp)

Vee

D Driver Rp

(CMOS) EEPROM Device

Q = Output
Buffer
'_

Ai02423

Data In

Driver Enable
(active low)

Q Receiver
(CMOS)

Data Out

For a high to low transition, the Q on-chip output buffer has to discharge the bus capacitance through the
R resistor and to sink some current from Vcc through the Rp resistor. The new time constant, when com-
pared to that calculated earlier in this document, is reduced by 17%, because of the parallel combination
of R and Rp. However, the steady low level is not 0.4 V, as had been assumed for TTL levels, but 1.17 V,
as calculated above for Rp = 5xR. Despite this smaller time constant, the voltage swing between high and
low is greater in this case, as described later in this document, so it is advisable to keep the same delay
(3xRC) between the C clock rising edge and the first sampling of the data line.

A greater problem is faced during the low to high transition, though. At first, the bus capacitance is charged
by the Q output through R, and from the Vcc power supply via Rp, again leading to a time constant for Rp
connected in parallel with R. But once the D/Q bus reaches the Q output voltage level, the Q on-chip buffer
automatically turns off, and the Rp resistor remains the only contributor to the charge of the bus capaci-
tance. This results in a much higher time constant: RpxC =5xRC.

For the worst case output-high level for Q (VOH= 2.4 V), combined with the minimum input-high level for
CMOS, the charging delay, after the Q driver cuts out, needs to be at least 0.55xRpC: that is, 2.75xRC.
This is still assuming Vcc = 5 V, and allowing for a noise margin of 300 or 400 mV.

As a result, the minimum delay between the rising edge of C and the sampling of the D/Q bus should be
2 or 3 times longer than the one we have found for the TTL levels (without Rp), and the clock frequency
must be reduced accordingly. (A typical oscilloscope plot is shown in Figure 10).

It is possible to avoid this situation by using a TTL-compatible CMOS device as the Q receiver circuit, and
thereby to remove the need for the Rp resistor. Suitable devices include:

= members of the 74HCTXXX family

u a CMOS microcontroller that provides an option for “TTL input levels” on its I/O ports, such as the ST9
series.

/574 719
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Figure 10. Oscilloscope Plot, R = 10 kQ, C = 100 pF, Rp = 50 kQ

10 1S
AI02428 <>
I 5V

N O

J'————-l ‘ l/ Q output

D dniver enable
(1 = disabled)

PROGRAMMING MODE: ACKNOWLEDGEMENT OF READY/BUSY STATUS
During a self-timed programming cycle, MICROWIRE EEPROM devices use the Q output to indicate the

ready/busy status of the chip. This occurs during the execution of commands such as: WRITE, ERASE,
WRAL and ERAL.

The self-timed programming cycle begins with the falling edge of S, at the end of a programming com-
mand. The S pin must be kept low for a minimum of tSLSH (as described in the data sheet). The Q output
remains in its high impedance state as long as S is low. If S is brought high for clocking-in a new command,
Q comes out of its high impedance state, and indicates the Ready/Busy status of the chip (0 = Busy,
1 = Ready).

Figure 11. Acknowledgement of the Ready/Busy Signal on the Q Output

10uS
AI02429 -—>
I 5V

‘— C clock
’ ' D/Q bus

D driver enable
(1 = disabled)

g
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In applications where D and Q are tied together, this may again create bus conflicts. Therefore, it is rec-
ommended that this status signal be cancelled as soon as possible: this can be achieved very simply by
applying a single clock pulse on the C input while S is high, as depicted in Figure 11.

The operation is scheduled as follows:

— shift the write command into the chip

— bring S low for the minimum period of tSLSH

bring S high

monitor the D/Q bus until a high level (Ready) is detected
clock C once

bring S low

the chip is now ready to accept the next instruction

It should also be noted that, on power-up, the Ready/Busy status be initially in the active state. Therefore,
it is recommended to clock C once (with S = 1) prior to the issue of the first command.

IMPROVING ON THE CALCULATIONS IN THIS DOCUMENT

This document has discussed how MICROWIRE devices can be used in a configuration in which the D
and Q lines are tied together as a single bus. For safety, and for generality, the worst case and most con-
servative conditions have been assumed in all calculations.

In particular circumstances, however, it might be possible for the designer to do better than this. In the
designer’s own particular application, it might be reasonable to rule out some worst-case situations as nev-
er occurring, and to adapt the calculations accordingly.

Ky—l' 9/9
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Correct Power-On and Power-Off

for the M93Cxx and M93Sxx

This document has been written for those users who have become used to using the members of the
ST93C/CSxx and M93C/Sxx family outside of their specifications.

Table 1. Members of the ST93C/CSxx and M93Cxx Family

Earlier Members

Later members

ST93C06
ST93C46, ST93CS46
ST93C56, ST93CS56
ST93C66, STI3CSE6

M93C06
M93C46, M93S46
M93C56, M93S56
M93C66, M93S66
M93C86, M93S86

It is very important to use each of these devices only in the way specified in the data sheets. In particular,
as shown in Figure 1, it is important for the C input (clock) to be held low whenever there is a rising edge

on the S input (chip-select).

Figure 1. Correct Sequence

s /
C Held at 0 /
AI02463
March 1999 1/5
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If a rising edge of the S input is allowed to occur while either the D (data-in) or the C input is high or high-
impedance, as shown in Figure 2, the behavior of the device becomes unpredictable.

Figure 2. Hazardous Sequence

DorC f High-Z or 1 \

AI02462

MAIN SOURCES OF ERROR: POWER-UP AND MCU RECOVERY START-UP
There are two main causes of users using these devices outside their specifications:

® Uncontrolled inputs during Power-Up and Power-Down
m Uncontrolled inputs during Microcontroller Recovery Start-up Time

Uncontrolled Inputs During Power-Up and Power-Down

During power-up, all three lines (C, D and S) start in their uncharged state, and might well be undriven.
There is no control of low-to-high transitions being picked up from noise. Also, there is no guarantee that
if drive is later applied simultaneously to the three signals, that the S line will cross the low-to-high thresh-
old before either of the other two.

During power-down, the problem of noise pick-up on undriven lines returns as the main source of hazard.

Most microcontrollers will attempt to avoid these problems by going into a Microcontroller Recovery Start-
up Mode when the V¢ line is outside its specified range. However, as discussed next, this does not com-
pletely resolve the problems.

Uncontrolled Inputs During Microcontroller Recovery Start-up Time

During the Microcontroller Recovery Start-up Time, which is typically several milliseconds in duration,
some microcontrollers configure all /O lines in their input mode, as shown in Figure 3. That is, they are all
set to their high-impedance state. Under these conditions, with inputs C, D and S all undriven, each line
behaves like a small antenna, and can pick up electromagnetic noise radiation. It is not impossible for
there to be a rising edge on the S line while C or D is floating high.

Alternatively, some microcontrollers configure all I/O lines as outputs during the Microcontroller Recovery
Start-up Time, and drive the lines high. As soon as S crosses the low-to-high threshold, the EEPROM is
enabled, and will decode whatever enters its D and C inputs. If these are acting outside the specification,
the behavior of the EEPROM becomes unpredictable.

J
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Figure 3. All Signals Being Treated as Inputs

input Q (data-output)
Input D
Microcontroller M93xxx
(MCU) EEPROM
input C
input S
GND GND

GND

AI02465

CORRECT POWER-UP AND MICROCONTROLLER RECOVERY
The critical line is the S line. For safety, it can be tied low by a pull-down resistor, so that it does not float
high when the input is undriven.

Figure 4. Signal Transients of Bad and Good Design

Power-up MCU Recovery Input signals under control

Vee /
D,CandS /
(bad design)

S

(good design) Held at 0 /
DandC /_—__\ /—-—-
(good design)

Brought under control,
and taken to 0 before S goes to 1

AI02464

While input S is held low, the chip is not selected, and it does not matter what signals occur on the other
lines (provided that they remain within the specified safe range). It is only necessary, therefore, for the S
line to be tied low by a pull-down resistor, as shown in Figure 5, so that it never goes high when it is un-
driven, as confirmed in Figure 4.
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Figure 5. Safe Design with a Pull-Down Resistor on the Chip-Select (S) Line

Q
D
Microcontroller M93xxx
(MCU) EEPROM
C
S
GND GND

GND

AI02466

The value for the pull-down resistor can be calculated from the minimum logic ‘1" input voltage, V y, that
is recognized by the M93xxx, and the maximum source current, lgy, that can be sustained by the micro-
controller. The resistance must be greater than the quotient of these two values: R >V ymgaxxx)/loHmcu)-

INPUT SIGNALS UNDER CONTROL

Once the application power-up and power-down are properly controlled, it is next important to check that
the specification is adhered to for all normal uses of the chip-select signal (as indicated in Figure 4). The
data sheet specifies that there is a minimum chip-select set-up time, tCLSH, and a minimum chip-select
hold time, tSHCH (as shown in Table 6 of the M93C06/46/56/66/76/86 data sheet). That is, the clock must
be held low for at least tCLSH before S is allowed to go from low to high, and to continue to be held low
for at least tSHCH after the rising edge of S (as shown in Figure 6, which is an extract from Figure 4 of the
M93C06/46/56/66/76/86 data sheet).

Figure 6. Extract from: Synchronous Timing, Start and Op-Code Input”

tSHCH
tCLSH

A102467
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INCORRECT CONTROL OF THE INPUT SIGNALS

Figure 7 shows an example of incorrect use of the input signals. The designer has assumed, incorrectly,
that it is safe for all three signals (C, D and S) to rise at the same time. However, the interpretation of this
event is undefined, and will be decoded randomly as being a {Select} event, or a {Select, D=0} event, or
a {Select, D=1} event. The last of these being interpreted, therefore, as a start bit. It is for this reason that
this sort of sequence is forbidden, and recognized as being a use of the device outside of its specification.

Figure 7. Incorrect Sequence

A102478
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FLASH-+: The End of the Emulation Compromise

Designers are constantly under pressure to reduce the size of printed circuit boards, and are frequently
faced with the EEPROM emulation dilemma: in a system that requires both Flash and EEPROM memory
functions, is it necessary to use separate EEPROM and Flash memory chips? In theory the answer is ‘no’
because with appropriate software part of the Flash memory can be made to emulate an EEPROM. in
practice, however, the benefits of this approach are often outweighed by severe performance penalties.

An exciting new memory concept promises to end this dilemma once and for all by allowing EEPROM
functionality to be selectively added to a Flash memory array - a major breakthrough as the Flash cell
structure is much more cost-effective than conventional EEPROM technology. STMicroelectronics has ful-
ly industrialized the concept, and manufactures products that combine 2, 4 or 8 Mbit of Flash memory and
64 or 256 Kbit of EEPROM on the same chip.

The new memory concept is called FLASH+. Using essentially the same process that is used for standard
Flash memories, FLASH+ allows a hardware emulation of the EEPROM function to be performed. This
uses a double metal process that is only a little more complex than the standard single metal EEPROM
process, but allows much smaller cell sizes to be used. However, the benefits of FLASH+ go much further
because the EEPROM functionality can be selectively implemented on the die, resulting in a device that
combines a conventional Flash memory and a full-featured EEPROM on the same chip.

Before this breakthrough, designers who needed Flash and EEPROM in their systems either had to ac-
cept the cost and space over-heads of using two separate devices or had to use a software emulation
technique to simulate the EEPROM in a Flash memory.

The software emulation technique was developed to get round the fact that a Flash cell can only be pro-
grammed once between sector-erase cycles. If the application stored parameters and variables in fixed
Flash locations, the Flash sector would have to be erased every time a variable changed value - and with
sector erase times being typically more than one second, this would slow down performance intolerably.

The solution was to write each new parameter value in a fresh Flash location and to maintain a string of
address pointers to allow the latest value to be found. When the sector is full, the latest values are copied
across to a second sector, and the first sector is erased ready to start the process again.

This approach is very straightforward, but the first software emulations to adopt this approach suffered
from the major disadvantage that the microprocessor could not read its program code from the Flash
memory while a sector was being erased. Amongst other effects, this gave a worst-case interrupt re-
sponse time of over a second. Newer Flash architectures such as “Fast Suspend to Read” and “Simulta-
neous Read/Write” have greatly reduced the interrupt latency problem, but still cannot address the most
important disadvantage of software emulation, which is the large and unpredictable access time and the
corresponding increase in power consumption.

REMOVING THE LONG AND UNPREDICTABLE ACCESS TIMES

When the processor wants to access a parameter stored in “simulated EEPROM”, it has to begin at the
initial location and follow the chain of address pointers, tracing through every updated value until it reaches
the current one (the one most recently written). Depending on the number of parameters, and the average
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number of updates between sector erases, this can take anything from six to more than 8000 times longer
than a simple Flash read-cycle. A detailed explanation of this result can be found in Application Note
AN931.

Of course, for some applications, like a remote data logger that only has to make occasional measure-
ments, the designer might not be too worried about a worst-case access time measured in milliseconds.
However, most designers would prefer a fixed access time that is of the same order as that of a standard
Flash memory. This is particularly important in applications such as mobile phones where the processor
often has to scan through long lists of data such as user directories or call routing preferences, and users
will not tolerate noticeable operating delays.

Thanks to FLASH+, there is now a new solution that eliminates the need for compromise. The new
M39xxx, the family of FLASH+ products, is a single 3V supply device that appears to the host processor
as a two separate memory types, a standard multi-Mbit Flash block and a standard multi-Kbit block of par-
allel EEPROM. The two memory functions share common address and data buses, and operate concur-
rently, exactly as if they were implemented as separate Flash and EEPROM chips.

FLASH= is an excellent example of how ST has leveraged its expertise in memory technologies to create
innovative new solutions. With its advanced technology, and with a dedicated Flash fabrication facility
ramping up in Italy, the company is greatly strengthening its position in the commodity Flash market.

Another example is shown where the mobile communications industry has been crying out for Flash mem-
ories that can read at supply voltages down to 1.8 V (the voltage available from two almost fully discharged
batteries). ST has won the race to meet this demanding target. The M29R800 (organized as x8/x16) and
M29R008 (organized as x8) are 8 Mbit devices that are hardware and software compatible with AMD, and
hardware compatible with Intel products, but allow data to be read with supply voltages ranging from 1.8 V
to 3.6 V. This is as opposed to the 2.2 V and 2.7 V minimum supply for corresponding products from other
suppliers. Both devices feature fast access times of 80 ns at 2.7 V (180 ns at 1.8 V) and allow a transpar-
ent hardware upgrade path from standard 2.7 V devices.

q
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Emulating the Unification of Flash and EEPROM: A Glossary

Many microcontroller applications need both Flash memory and EEPROM. This document summarises
the relevant issues and terminology involved in designing efficient systems with the two types of memory.
The subjects are arranged in alphabetical order, in the form of a glossary. Cross-references are shown in
bold face.

The aim of this document is to highlight the advantages of the M39432: a new memory device that is fab-
ricated by ST using a new dual memory technology called FLASH+™. This device contains 4 Mb of single-
voltage Flash memory, and 256 Kb of parallel-access EEPROM, fabricated together on a single chip.

ACCESS TIME

The access time depends on the value of Vcc. Presently, the M39432 is available with a voltage range of
3.0 V10 3.6 V, and an access time of 120 ns at Vcc = 3.0 V. Later versions of the M39432 will have a volt-
age range of 2.7 to 3.6 V, and an expected access time of 150 ns at 2.7 V.

APPLICATIONS

With FLASH+, dual memories (one Flash memory and one EEPROM) can be fabricated together, thereby
reducing the number of memory packages on the PCB, and also reducing the system Power Consump-
tion. The technology is, therefore, ideally suited for use in the portable applications market, notably for:
= mobile telephones

m cordless telephones

m electronic notebooks

= hand held meters

m electronic personal assistants

m portable PCs with very long periods away from the mains.

CONCURRENT OPERATION

Write and erase operations in the EEPROM area are managed internally. Although this requires a few mil-
liseconds, the Flash memory remains accessible during this time. In particular, instruction fetches from the
Flash memory can continue uninterrupted while the EEPROM area is still updating itself.

EMULATION OF EEPROM
There are three main techniques, as described more fully in AN931, for emulating EEPROM in an area of
flash memory.
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The first method is to use a single bank of flash memory, and to write software that traps addresses aimed
at some of the memory sectors, and makes them behave like EEPROM memory. This External Software
Emulation of EEPROM (ESE) technique, though, suffers from a number of disadvantages. At run-time,
accesses to the memory are slowed down enormously by the need to execute the emulation software. The
development-time, too, is greatly extended by the need to fine-tune the application software to work with
the emulation software.

The second method is to use a device with two banks of flash memory: one to be accessed as flash mem-
ory, the other to be accessed as if it were EEPROM. This avoids the need for much, but not all, of the
emulation software, and also allows Read While Write (RWW) operations, thereby reducing access la-
tency. However, these devices still require some emulation software, for the management of the linked list
that allows byte-wise write operations to be emulated in flash memory, and for managing the flash memory
sector-erase operation.

The third method is to integrate all of the necessary hardware logic on the chip, and to perform on-chip
hardware emulation of EEPROM (OHE). This is the technique that is used in FLASH+ technology, as
used for implementing the M39432. The emulated EEPROM, in the Flash memory block, can be accessed
as a true EEPROM, with a byte or page write cycle of less than 10 ms.

ERASING THE FLASH MEMORY

The M39432 has a bulk-erase function, to erase the entire 4 Mb of Flash memory in one go. It also has a
sector-erase function, to erase selected sectors (of which there are eight, each one 64 Kbytes in size).

EXTERNAL SOFTWARE EMULATION OF EEPROM (ESE)

Flash memory and EEPROM can both be read in a bytewise fashion. Flash memory, though, only allows
bytewise writing to bytes that have previously been erased, with the erase operation only being able to be
performed in a sectorwise (or devicewise) fashion.

To emulate the bytewise update capability of EEPROM in flash memory, each emulated byte is represent-
ed as a linked list within a newly erased sector of flash memory. A second sector is reserved for taking
over when the first sector becomes full, and is erased in readiness. Each data byte is accompanied by a
two-byte address pointer whose initial value is ‘null’ (erased). Each write operation involves adding an el-
ement on to the end of the linked-list of the byte that is being addressed.

ESE is costly in terms of performance. Each read operation in the emulated EEPROM involves finding the
first entry for the byte that is being addressed, and then tracing down through the linked-list until the end
of the list is reached. The read operation, therefore, can involve a very long sequence of read cycles. The
access time of any one byte is proportional to the number of elements in the linked list, and hence to the
number of times that the particular byte has been updated.

ESE is also costly in terms of memory. If the linked lists are to be allowed to grow to an average length of
five elements between sector erases, and given that every data byte is accompanied by a two-byte point-
er, two 16 Kbyte sectors of flash memory can only emulate an EEPROM of a thirtieth of that capacity (just
over 1 Kbyte). A further 16 Kbyte of flash memory is occupied by the emulation software. Moreover,
around 4 Kbyte of external RAM must also be provided, for caching some of the emulation software.

IDENTIFIERS
The M39432 supports three different identifiers:

g
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s The manufacturer identifier (1 byte, whose value is 20h)

m The Flash memory block identifier (1 byte, whose value is 0E3h)

= The EEPROM block identifier (64 bytes, whose contents are user defined).

A further 64 byte One-Time-Programmable Row (OTP) is provided, as described on page 3.

ON-CHIP HARDWARE EMULATION OF EEPROM (OHE)

ST’s FLASH+ technology has been developed expressly to support the on-chip hardware Emulation of
EEPROM. It is used to implement the functionality of multiple memory: two memory devices, one Flash
memory and one EEPROM, within a single package.

ONE-TIME-PROGRAMMABLE ROW (OTP)

The M39432 contains a 64 byte OTP row, distinct from the EEPROM block Identifier that is described on
page 2. The OTP row can be written once, using a dedicated multi-byte instruction (see the application
note AN999, or Table 4 of the M39432 data sheet). This row can be used for any user-defined purpose
(such as for the holding of serial numbers, fabrication parameters, and other tags for identification and
traceability). The first write operation (whether it be a byte or page write) to the OTP row will freeze the
whole row against any further writes.

PACKAGE

The M39432 is packaged in a TSOP40 (10x20 mm) format. The 40-pin arrangement is forward-compati-
ble with (that is, an extended form of) that of the 32-pin M29F040 Flash memory.

The footprint of the M39432 allows significant savings in circuit board space when compared to the alter-

native of using two discrete packages. An M39432 in a single TSOP40 occupies about 40% less area of
PCB than a standard 4 Mb TSOP32 Flash memory device and a 256 Kb TSOP28 EEPROM device.

POWER CONSUMPTION

The M39432 is particularly well suited for portable equipment applications where the power consumption
in both operating and stand-by modes are critical parameters. The stand-by current can be as low as 5 pA
over the full voltage and temperature ranges when the device is set in the Deep Power-Down mode.
Because the stand-by current is so small, it is largely negligible in calculations of the typical energy con-
sumption of the system. These calculations are dominated by the size of the operating current. For the
M39432, though, the operating current is required only during the processor’s read and write cycles. For
ESE, each read or write operation is composed of a very long sequence of microprocessor read and write
cycles (possibly several hundred of them in each sequence). The full operating current is therefore re-
quired for shorter periods using the M39432 than it is for the ESE technique, and so its energy consump-
tion is proportionately much lower.

PROGRAMMING THE MEMORY
See Writing to the device.
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PROTECTION

The whole EEPROM area and each Flash sector can be protected against spurious writes. (See Software
Data Protection (SDP) and Sector Protection).

READY/BUSY (R/B)

The Ready/Busy output pin (R/B) indicates the status of the EEPROM, and operates completely inde-
pendently of the status of the Flash memory. It is normally held high, and only goes low to indicate when
the EEPROM is performing an internal write operation.

READ WHILE WRITE (RWW)
Read While Write is a type of Concurrent Operation. It is a feature of the technique for the Emulation
of EEPROM using a dual-bank of flash memory.

SOFTWARE DATA PROTECTION (SDP)

The EEPROM area of the M39432 can be protected from inadvertent writes. Two specific multi-byte in-
structions are provided (see the application note AN999, or Table 4 of the M39432 data sheet) for protect-
ing and un-protecting the EEPROM. By being composed of a specific sequence of bytes, the probability
is reduced of the instruction being issued inadvertently.

The Flash memory area can also be protected, as described for Sector Protection.

SECOND SOURCE
The M39432 is compatible with an other competitor devices announced as available on the market for ear-
ly 1997.

SECTOR PROTECTION

Each Flash sector of the M39432 can be protected separately against programming or erasure. Flash sec-
tor protection is programmed with a specific sequence (see Figure 8 and Table 8 of the M39432 data
sheet). Any attempt to program or erase a protected Flash sector will be ignored by the device. Reading
the Flash protection status allows the user to know which sectors of the Flash area are protected or not
protected. Flash sectors can only be unprotected together by using a specific sequence (see Figure 9 and
Table 9 of the M39432 data sheet).

The EEPROM area can also be protected, as described under the Software Data Protection (SDP)
heading.

TECHNOLOGY )
FLASH+ technology is implemented using a standard 0.6 micron Flash memory process.

g
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WRITING TO THE DEVICE

The EEPROM area can be written to in a bytewise or pagewise fashion (64 bytes at a time). In either case,
two successive operations are performed (internally and automatically): a byte-erase or a page-erase cy-
cle followed by a byte-write or a page-write cycle. This takes less than 10 ms to complete for a page write,
and significantly less for a byte write.
The Flash memory area can only be written in a bytewise fashion. This operation uses a dedicated multi-
byte instruction (see the application note AN999, or Table 4 of the M39432 data sheet), and takes less
than 10 us for each byte.

FURTHER READING
Table 1 lists all the application notes that describe FLASH+ technology and the M39432 memory device.

Table 1. Bibliography of the Application Notes on FLASH+ Technology

Ap;;lli;:ta;ion Content Title
AN997 Introduction M39432: a FLASH+™ Multiple Memory Device
AN931 Greater detail | On-Chip Hardware EEPROM Emulation versus Flash Memory Software Solutions
AN996 Glossary Emulating the Unification of Flash and EEPROM: a Glossary
AN998 Technology FLASH+™ Multiple Memory Technology
AN999 Drivers Software Drivers for the M39432 FLASH+™ Multiple Memory
‘y_l' 5/5
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On-Chip Hardware EEPROM Emulation
Versus Flash Memory Software Solutions

FLASH+ technology, from STMicroelectronics, was developed to allow the advantages of EEPROM and
those of Flash memory to be obtained from a single device, fabricated on a single chip. Based on Flash
memory technology, the devices integrate all the control logic to provide a large block of Flash memory,
and a smaller block which is able to emulate in hardware the functionality of EEPROM.

The FLASH+ family is modular, and offers Flash blocks from 1 Mbit to 8 Mbit, and EEPROM blocks from
64 Kbit to 256 Kbit. The first product in this FLASH+ family was the M39432. This features a single supply
4 Mbit Flash memory (512K x 8) combined with a 256 Kbit EEPROM (32K x 8), in a TSOP40 package.

The alternative approach of using software algorithms to emulate the EEPROM in Flash memory (as de-
scribed on the next page) suffers from considerable disadvantages when compared to the full hardware
emulation technique used by FLASH+ devices. The EEPROM block of FLASH+ offers the cell density of
Flash memory with the functionality of EEPROM, with the ability to re-write the memory at the byte level,
with a write (Erase + Write) operation that takes under 10 ms.

Moreover, with FLASH+, the two memory blocks can be addressed in a concurrent mode, so that the EE-
PROM block can continue its internal algorithm while the Flash block is being read. This enables param-
eter data to be updated in the EEPROM concurrently with program execution in the Flash memory, thus
offering the same functionality as separate Flash and EEPROM devices. This is an advantage which the
software emulation technique is unable to offer.

Figure 1. The FLASH+ Solution

MICROPROCESSOR 4
(MPU) Ms” ™

FLASH + EEPROM

Al02125

This document compares the FLASH+ family to the alternatives, starting with the technique of emulating
a block of EEPROM within a Flash memory device, using external software emulation.
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FLASH MEMORY WITH EXTERNAL SOFTWARE EMULATION OF EEPROM
This solution uses one large Flash memory, split logically into two areas: the executable code is stored in
one area, and the remaining memory (typically, two sectors) is dedicated to EEPROM emulation.

Flash memory may be written byte-by-byte, but cannot be erased, and so cannot be re-written at the byte
level. Flash memory can only be erased by sector, sector sizes in general ranging from 8 KByte up to the
whole chip size. The inflexibility of the sector erase limitation can be overcome by writing data sequentially
into one sector, and making a ‘clean’ copy of it in the second sector whenever the first sector becomes
full. The byte program and sector erase operation, in the Flash memory, run concurrently, thereby allowing
the second sector to take over from the first, while the first is being erased. However, these operations do
not run currently with other operations, and so the program code in the Flash memory is not available for
reading while these operations are proceeding.

Figure 2. Example of a Flash Memory Sector being used to Emulate EEPROM

FLASH SECTOR
0000h Parameter-1, Address Pointer = 000Ch < First value of Parameter-1
0003h Parameter-2, Address Pointer = 000Fh
0006h Parameter-3, Address Pointer = 0012h
0008h Parameter-4, Address Pointer = 001Bh
000Ch Parameter-1, Address Pointer = 001Eh T Second value of Parameter-1
000Fh Parameter-2, Address Pointer = 0015h
0012h Parameter-3, Address Pointer = 0021h
0015h Parameter-2, Address Pointer = FFFFh
001Bh Parameter-4, Address Pointer = FFFFh
001Eh Parameter-1, Address Pointer = FFFFh <— Third value of Parameter-1
0021h Parameter-3, Address Pointer = FFFFh
0024h

Al02126B

In more detail, at first power-up, the two sectors are erased (to FFh since it is Flash memory). Whenever
the application needs to update one of its parameters, stored in the emulated EEPROM, the emulation
software writes three bytes: a 16 bit pointer to the new value and the new Parameter-1 value itself.

Each parameter, then, is stored in a linked list, with The content of the Flash memory sector is a stack of
three byte values or parameter/address pointer pairs, forming a linked list whose last value is the latest
update of the parameter.

This is shown in Figure 2. Parameter-1 was first programmed at location 0000h of Sector-1. It was then
modified and re-programmed at location 000Ch. Its third, and latest, value was programmed at 001Eh.
The emulator knows that the value at location 001Eh is the latest update because the 16-bit address point-
er, associated with it, is still blank (the value FFFFh is stored at locations 001Fh and 0020h).
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Similarly, Parameter-2 was programmed at first at location 0003h, then at 000Fh and then at 0015h. Pa-
rameter-3 was programmed at 0006h, 0012h and 0021h; Parameter-4 was programmed at 0009h and
001Bh.

During the application’s life time, the parameters will be updated many times, and Sector-1 of the Flash
memory will be soon filled. When this happens, the application software must copy the latest values of
each parameter into Sector-2, and to start using Sector-2 instead of Sector-1. Meanwhile, Sector-1 can
be erased, so as to be ready for when Sector-2 become filled, and the process needs to be reversed again.

System Requirements

Flash memory cannot be read while another part, even in a completely different sector, is being pro-
grammed or erased. This is because the internal algorithms of the Flash memory are busy controlling the
program or erase cycle. This means that the software code for the EEPROM emulation has to be stored
outside the Flash memory itself.

This means the application hardware design must include an additional memory, often a small SRAM,
from which to fetch and execute the device drivers for the emulator.

The initial copy of the executable code, of the EEPROM emulation, is stored in the Flash memory. This
includes all the code for sequencing the emulation process, including the specific “program a byte in Flash
memory” driver. This must be copied to the SRAM before execution.

Typically, as shown in Figure 3, the EEPROM emulation software code is 16 KByte, and the part that
needs to be “cached” in the SRAM is 4 KByte.

Figure 3. Memories Required for the External Software Emulation of EEPROM in Flash Memory

FLASH MEMORY SRAM
Microprocessor 4 KByte
(MPU) Application Code

Emulation Software
(4 KByte to 16 KByte)

Al02127B
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HARDWARE VERSUS SOFTWARE EMULATION
EEPROM can be emulated in Flash memory in two ways:

— Using hardware EEPROM emulation based on Flash memory technology, as used in FLASH+ devices
— Using software EEPROM emulation in two Flash memory sectors, with a small external SRAM device

In the comparison that follows, hardware emulation is referred to as OHE (On-chip Hardware Emulation)
and software emulation as ESE (External Software Emulation).

ACCESS TIME
The access times for the two different emulations are not the same. Moreover, that for ESE varies with the
number of times the parameter has previously been updated.

OHE Access Times

Read and write times for On-chip Hardware Emulation are the same as the access times for standard par-
allel-access EEPROM. That is, tgeap is one MPU cycle, and twgire is one MPU cycle plus a write latency
of 10 ms during which the EEPROM performs its internal write cycle (and during which the Flash memory
may continue to be read).

So the OHE access time is constant, and is not weighted by the number of previous updates of each pa-
rameter. The 10 ms latency between byte writes can be significantly ameliorated using the Page Write
Mode, which allows up to 64 bytes to be written during a single 10 ms write cycle.

ESE Access Times

For ESE, as shown in Figure 2, each parameter byte is associated with a two byte address pointer in a
linked list. Each Read or Write involves a sequence of MPU read cycles to find the end of the relevant
parameter list. Thus, for example, the time to read the last value of the Parameter-1 involves the following
operations:

read the first address pointer at 0001h and 0002h
if this pointer is not FFFFh, then
read the second pointer at 000Dh and 000Eh
if this pointer is not FFFFh, then
read the third pointer at 001Fh and 0020h
if this pointer is not FFFFh, then
...and so on...
else read the latest parameter-1 value

From this example the general rule for the access time can be derived:
Time to read last value in list = (2N+1)*MPU_read_cycles + N *MPU_conditional_test

where N is the number of times the parameter has been updated. Table 1 summarizes the access times
for a few extreme cases of sector configuration.

g
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Table 1. ESE Access Times

1 EEPROM byte

100 EEPROM bytes

2730 EEPROM bytes'

Maximum number of
updates possible?, N

2730

27

1

tREAD (N): read time for one
byte

(2N+1)*"MPU_read_cycles
+ N*MPU_cond_test

(2N+1)*MPU_read_cycles
+ N *MPU_cond_test

(2N+1)*MPU_read_cycles
+ N *MPU_cond_test

tWRITE (N): write time for
one byte

tREAD(N) + 3 write cycles

tREAD(N) + 3 write cycles

tREAD(N) + 3 write cycles

Time to swap last update to

tREAD(2730) + 3 write

tREAD(27) + 3 write cycles

tREAD(1) + 3 write cycles

new Flash memory sector® | cycles

Notes: 1. 2730 is the maximum number of bytes that can be emulated with a Flash memory sector of 8 KBytes.
2. Assuming each byte is updated the same number of times.
3. Whenswapping data, additional time 1s required to down-load the executable drivers to the SRAM, and to perform the sector erase.

Table 1 shows the cases for an application with only one parameter, for 100 parameters and for the max-
imum that can be stored in a Flash memory sector of 8 Kbytes (8 Kbytes/3 bytes per parameter = 2730).
If the application MPU can perform a Read or Write in 200 ns, and conditional test in 200 ns, and if the
Flash memory byte write time is 10 pus, then we get the following expressions for the access times:

For one parameter, the first parameter update times are as follows:

tREAD = (2N+1)*MPU_read_cycles + N *MPU_conditional_test = 0.8 us

tWRITE = (2N+1)*"MPU_read_cycles + N *MPU_conditional_test + 3 *-write = 30.8 us
The 2730t parameter update times are as follows:

tREAD = 1.638 ms

tWRITE = 1.668 ms

After every 2730™ update, the application software has to copy the last updated values to the second sec-
tor. The sector erase operation takes about 1 second at the beginning of the device’s life, but becomes
longer with successive erase/write cycles. Consequently, the application will freeze for some seconds af-
ter every 2730 update.

If the Flash memory is, instead, used to handle 100 parameters, the first parameter update times are as
follows:

tREAD = 0.8 us

tWRITE = 30.8 pus
The 27t parameter update times are as follows:

tREAD = 16.4 us

tWRITE = 46.4 pus
In this case, the application software has to copy the last updates to the second sector after only 27 up-
dates. The application freezes for some seconds to erase the Flash memory sector after 27 updates of
each parameter.
For 2730 parameters the read and write times are absurdly high as each update means using a new Flash
memory sector and freezing the application for some seconds to erase the other one.
The read and write times for ESE are always larger than for OHE, with the worst case occurring as the
sector approaches being full. The long read access time is a major weakness of the ESE approach, as
opposed to the 200 ns read access time (as for parallel access EEPROM) that is offered by OHE.
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In addition, the ESE Flash memory sector erase causes the entire application to be frozen for several sec-
onds. The sector erase can be suspended and resumed, but this requires external drivers in the additional
SRAM, and prolongs the operation.

Either way, this is still particularly inappropriate in an application where interrupt requests have to be ser-
viced within a very short time. If the interrupt request rate is high, and parameter refresh is also high, it is
possible to reach the point where the first emulated EEPROM sector has not completed erasing when the
second sector becomes full. The emulation then grinds to a complete standstill.

Figure 4. Access Times plotted against the Number of Updates

Access Time

A
1s 4
100ms 4 Latency between 2 successive
/ OHE Writes (Byte or Pages of 64 bytes)
10ms A - -
1ms 4
100us
30.8us -
104 Read or Write OHE Byte = 200ns
0.8us
2ooﬁs - -
1 2730 Number of updates

Al02128B

POWER CONSUMPTION

The power consumption of any single power supply memory is dependent on three parameters: the I¢
operating current, the Igc standby current. and the proportion of time spent in each of these states.

A device needs to be active (Igc = operating current) whenever it is accessed. The access time of ESE is
usually several times longer than it is for OHE, for the reasons stated in the previous section. Consequent-
ly, the active time for ESE is much larger than for OHE. As the standby current value is much less than
the operating current, the ratio of power consumption between OHE and ESE concepts depends mostly
on the operating current values and active times.

Table 2 shows that the ESE access time can be between 6 and 8000 times longer than the OHE access
time. Thus the ESE technique is considerably more energy consumptive than the OHE technique.

Table 2. Read and Write Times after Several Updates

Number of Updates 1 27 2730
tREAD 0.8 us 16.4 pus 1.638 ms
tWRITE 30.8 us 46.4 us 1.668 ms

4
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MEMORY SIZE FOR EMULATION

Two factors are important when comparing the External Software Emulation and the On-chip Hardware
Emulation solutions: the number of parameters to be stored, and the number of updates.

For OHE, the memory size chosen is simply determined by the number of parameters to be stored. The
number of updates, that can be made, is determined by the technology. This is able to sustain over
100,000 re-write cycles for the emulated EEPROM.

For ESE, the choice is not so simple. First is the case where the data is updated a few times, say 1 to 10
times. Most applications that modify data only a few times might be expected to accept that they will be
frozen every once in a while, for a few seconds, while sector erase is in progress. During the freeze, they
will offer limited functionality, with most interrupts disabled, and no real time operations. Table 3 shows
the memory size requirements for this case.

Table 3. Memory Size Required for Infrequent Updates

Emulated EEPROM Size 16 Kbit 64 Kbit 256 Kbit
ESE Size! 3'2*16 Kbit 3264 Kbit 3*2*256 Kbit
ESE solution =96 Kbit = 384 Kbit =1.536 Mbit
SRAM Size 32 Kbit 32 Kbit 32 Kbit
OHE Size 16 Kbit 64 Kbit 256 Kbit
OHE solution
SRAM Size none none none

Notes: 1. For ESE, one EEPROM byte requires 3 Flash memory bytes, doubled into 2 Flash memory sectors

If the number of updates is higher, in the range of 100 to 1000 times, the application probably needs a
more flexible access to the EEPROM. The main concern is to spread the long Flash memory sector erase
time over many small Erase Suspend/Resume slots in such a way that this operation does not impact on
the application’s other real time tasks. If we consider an application that cannot afford to be slowed down
by the Erase Suspend/Resume operation, except after each 1oth parameter update, then this will have to
emulate the EEPROM in a Flash memory sector that is ten times larger than the data size in order to offer
fast access time for the first 10 updates. The values are shown in Table 4.

Table 4. Memory Size Required for Frequent Updates, Delay at each 10th Update

Emulated EEPROM Size 16 Kbit 64 Kbit 256 Kbit
SE Size! 10*3*2"16 Kbit 10737264 Kbit 10*32*256 Kbit
ESE solution | —F S'Z8 = 960 Kbit = 3.84 Mbit = 15.36 Mbit
SRAM Size 32 Kbit 32 Kbit 32 Kbit
OHE Size 16 Kbit 64 Kbit 256 Kbit
OHE solution
SRAM Size none ——___ hone none

Notes: 1. For ESE, each EEPROM byte needs to be stored 10 times, each time needing 3 Flash memory bytes, doubled into 2 Flash memory
sectors.

In the last case where the parameters are updated thousands of times, say 1000 to 100,000, the applica-
tion is typically one that requires fast data acquisition of at least 100 parameter updates before it can be
slowed to erase the Flash memory sector. In this case to Flash memory sector emulating the EEPROM
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has to be 100 times larger than the EEPROM memory. This results in huge and impractical Flash memory
size requirements (up to 153.6 Mbit to emulate an EEPROM of just 256 Kbit).

In all cases, the OHE solution requires just the straight EEPROM size specified by the application.

EMULATION SOFTWARE DRIVERS

No software drivers are needed for the OHE solution. The EEPROM part of the FLASH+ device is ac-
cessed directly in the memory address space, for both Read and Write operations. The ESE solution re-
quires software drivers, which must be stored in the Flash memory and downloaded to an SRAM (of the
order of 4 KBytes to 16 KBytes in size).

HARDWARE ENVIRONMENT AND CONCURRENT MODE
The ESE solution cannot access both the Flash memory and the ESE blocks concurrently. A Write to the
ESE has to be controlled by software running outside the Flash memory in the external SRAM.

The OHE solution, however, allows reading the Flash memory during the internal EEPROM write cycle. It
does not require any additional, external memory.

CONCLUSION

When developing new applications, requiring parameter storage, two important issues have to be taken
into account: the access time, and the number of parameter updates expected during the application’s life.
When these two parameters are known, the designer can evaluate the two competing solutions, according
to the concerns summarized in Table 5. The ESE solution will be found to be suitable only for those appli-
cations where the software development costs can be spread over a large volume production, where the
updates are small (less than 100) and occasional freezing of the application for one or more seconds is
acceptable. The OHE solution has none of these restrictions, and can be the ideal solution for all types of
application.

Table 5. Summary of the ESE and OHE Solutions
ESE Technique OHE Technique

Increases in proportion to the number of

Read access time updates

Fixed, one MPU read cycle

Write time 30 ps in addition to the read access time 10 ms for between 1 and 64 bytes

Vec'loc tese

. Vit ar®
Energy consumption (where 6"ty < tese < 8000*ope) cc’loctore

Flash memory at least 6 times larger than

Memory size EEPROM that is being emulated

Equal to EEPROM size

Flash memory around 16 KBytes + SRAM

around 4 KBytes None

Software drivers

Additional hardware

requirements SRAM of around 4 KBytes None

g
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M39432: a FLASH+™ Multiple Memory Device

The new FLASH+ technology, from ST, allows Flash memory and EEPROM to be fabricated together on
a single die. Significant cost, speed and power consumption advantages are gained over designs that pre-
viously used two separate memories, or that previously used software to emulate the effect of having the
two types of memory in a single package. This document briefly considers some of these alternative tech-
niques, and highlights the advantages of the FLASH+ technology solution, as used in the M39432 product.

ADVANTAGES AND DISADVANTAGES OF EACH TYPE OF MEMORY

Electronic memory is usually classified under two main headings: volatile (losing its contents when the
power supply is removed), or non-volatile (retaining its contents even when disconnected from an external
power supply). Non-volatile memory can be further subdivided into the following technology families:

a ROM (read only, not erasable, mask programmable at time of manufacture)

» EPROM (bytewise electrically programmable, devicewise UV erasable or not erasable)

a Flash memory (bytewise electrically programmable, blockwise electrically erasable)

a EEPROM (bytewise electrically re-programmable, bytewise electrically erasable)

The key advantages and disadvantages of each family are summarized in Table 1. In general, the cell size
increases as the inconvenience of erasing is decreased. Since the chip size depends on the cell size, the
cost of the memory is proportional to its ease of erasure. Choosing the most appropriate compromise for
the application becomes an important design decision within any project.

Table 1. Key Advantages and Disadvantages of Each Family of Non-volatile Memory

Memory Type Advantages Disadvantages

ROM Very small cell size Cannot be modified except at high cost (a new mask set)
EPROM Small cell size The application must be taken out of service for UV erase
FLASH Medium cell size; electrical erase Erase only in blocks (sectors)

EEPROM Bytewise re-programming Cell size too large for cost effective megabit memories

APPLICATIONS USING A MICROCONTROLLER CHIP AND ONE EXTERNAL MEMORY TYPE
Most microcontroller systems need at least two types of memory:

m a relatively large amount of program memory that does not need to be changed very often

= a small area of scratch memory, for the temporary storage of transient data.

Many microcontroller systems also need an area of non-volatile memory to be set aside for storing per-
sistent data (data that is changed from time to time, but that must be retained from one power-on period
to the next). These three areas of memory can be implemented as summarised in the table on the follow-

ing page.
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Table 2. Suitable Memory Technology for Each of the Different Data Types

Data Type Suitable Technology

Executable program instructions, ROM, EPROM or Flash memory
and large tables of fixed data

Persistent data Flash memory or EEPROM

Transient data and cache storage RAM or register banks within the microcontrolier chip itself

The demands on all three areas is growing annually. To take a typical example, such as a digital cellular
phone, the current requirements, versus those of the near future, are as follows:

a Flash memory, for the executable program

— currently: 4 Mb (512 Kx8) with a 5 V power supply

— required soon: 8 Mb (512 Kx16) with a 3 V power supply

a EEPROM, for storing fabrication parameters, user set-up parameters, tables, directories

— currently: Parallel, 64 Kb with a 5 V power supply

— required soon: Serial (to reduce package size), 64 Kb with a 3 V power supply

— There is already a very large market for low capacity, serial EEPROMSs, and the market for larger ca-
pacity EEPROMs is growing steadily, with a trend to ever greater capacities. When the [2C™ bus was
first developed, 16 Kb was considered adequate as an upper limit for the address space. However, this
limit has long been exceeded by applications in robotics, mobile telephones, test equipment and indus-
trial controllers. Microcontroller applications routinely require 256 Kb EEPROMs, and will soon require
1 Mb and even 4 Mb products. This was, of course, anticipated by the introduction of the extended EC
bus, allowing addressing up to 4 Mb.

w SRAM, for holding transient data, for use as DSP scratch-pad memory and for storing voice messages

— currently: 64 Kb, or more, with minimum power consumption, and access times of 100 ns

— required soon: 256 Kb or 1 Mb, or more, with minimum power consumption, and access times of 70 ns

For a more modestly sized application, one possible arrangement is to use just two chips:
1. one microcontroller (complete with scratch memory areas)
2. one flash memory, to hold the executable code and persistent data.

This arrangement has the advantage of compactness and simplicity, but is not always an acceptable so-
lution. Flash memory allows bytewise writing to bytes that have previously been erased, but the erase op-
eration can only be performed in a sectorwise (or devicewise) fashion. (Sector sizes can be 8 Kbyte, or
more, depending on the manufacturer).

APPLICATIONS USING A MICROCONTROLLER CHIP AND TWO EXTERNAL MEMORIES

Due to the widespread market-availability of EEPROM and flash memory, this solution, depicted in
Figure 1, is the one that is frequently adopted. The main disadvantage of this approach is the need to have
two memory packages, and consequently the relatively large PCB area that is occupied.

%
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Figure 1. Application Based on Separate Flash Memory and EEPROM

Mcu Application Data
program

Microcontroller Flash memory EEPROM
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COMBINING THE FUNCTIONALITY OF FLASH MEMORY AND EEPROM IN A SINGLE PACKAGE

It would be preferable not to have to include several memory chips on the PCB, but to have the function-
ality of each of the types of memory combined in a single package. This would, in fact, be advantageous
to all microcontroller applications. For those that previously could not justify the cost of having different
types of memory in the system, the increased functionality becomes available at little or no extra cost. For
applications that previously needed separate integrated circuit packages for each memory type, multi-
function memory either offers the opportunity to incorporate more functionality within the same area of
PCB, or offers the advantages of reducing the PCB area and chip count, as summarized in the following
list:

m miniaturization, due to smaller PCBs

= reduced component purchasing and assembly costs

m faster testing (or more thorough testing)

increased system reliability

better use of silicon area through the sharing of common functions

increased system quality

lower power consumption.

The appearance of having flash memory and EEPROM, fabricated together on a single chip, can be em-
ulated by either of the following strategies:

1. by fabricating a large EEPROM device, and using a part of it as Flash memory
2. by fabricating a large Flash memory device, and using a part of it as EEPROM.

The first approach is not economically viable: the standard EEPROM process is based on a two-transistor
cell, whereas Flash memory uses a single transistor memory cell (as described in Application Note,
AN998). Since today’s applications demand large Flash memory capacities, of 4 Mb or more, this two-fold
bloating of the required silicon area is too high a price to pay for the increased functionality.

The second approach is more attractive, and can be undertaken in either of the following ways:
a. emulation in software of the EEPROM area (ESE)
b. emulation in hardware of the EEPROM area.

ﬁ 3/8
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APPLICATIONS USING EMULATION IN SOFTWARE OF THE EEPROM AREA

This technique takes one large flash memory, and splits it into two functional areas:

i. one area is used as normal flash memory, for holding the executable program

ii. the remaining area (typically two sectors in size) is used for the emulation of the EEPROM.

To emulate the bytewise update capability of EEPROM in flash memory, each emulated byte is represent-
ed as a linked list within a newly erased sector of flash memory. A second sector is reserved for taking
over when the first sector becomes full, and is erased in readiness. Each data byte is accompanied by a
two-byte address pointer whose initial value is ‘null’ (the erased state). Each write operation involves add-
ing an element on to the end of the linked-list for the byte that is being addressed.

Each read operation in the emulated EEPROM involves finding the first entry for the byte that is being ad-
dressed, and then tracing down through the linked-list until the end of the list is reached. The read opera-
tion, therefore, can involve a very long sequence of read cycles.

When the sector becomes full, the last element of each linked list (the most recent value of each stored
byte) is copied across to the second sector, and that sector takes over as the current state of the emulated
EEPROM. The first sector is erased, in readiness for taking over again, once the linked lists have grown
too large in the second sector.

In applications where the data are changed frequently, the read access time of the emulated EEPROM
can be hundreds of times longer than the read access time of a true EEPROM. This would be a major
concern for applications in which the processor has to perform frequent data searches.

Another problem is that flash memory cannot perform simultaneous reads and writes, even to addresses
in unrelated sectors. This limitation, of course, applies to all single-ported memory. However, it is particu-
larly significant in this case: every read and write to the emulated sectors of the flash memory involves a
long sequence of instruction fetches for the emulator software. These instructions, therefore, need to be
stored in another memory device (usually in an external static RAM chip) if the fetching of each one is not
to interfere with normal user-access of the flash memory.

Figure 2 depicts the partitioning of the various memory regions. The emulation driver generally takes up
16 Kbytes of the flash memory, but only 1 to 4 Kbytes of this needs to be copied into SRAM at any one
time. The emulated EEPROM takes a further two sectors from the flash memory, leaving the remainder
available for use as normal flash memory (for the application program, for example).

Figure 2. Application Based on a Single Bank of Flash Memory
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Meu Emulated subroutines
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emulation driver
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The drawbacks of the ESE approach include:

1. extra software complexity, caused by the emulation software

. the need for a data buffer for the sector that is being changed

. the long write time

. all other memory operations are suspended, including instruction fetch, during the long write time
. the need, still, for two types of memory chip to be included on the PCB.

o A~ ON

APPLICATIONS USING EMULATION IN HARDWARE OF THE EEPROM AREA

ST’s FLASH+ technology provides EEPROM functionality that is emulated using conventional Flash tech-
nology. A key benefit is that the host controller can read the Flash memory while an EEPROM write cycle
is in progress; the EEPROM block manages its write cycle internally once the host controller has issued
the program command.

Figure 3. Application Based on the M39432 Device

Flash memor
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EEPROM

Microcontroller M39432
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FLASH+ offers the power-consumption and footprint advantages of the single memory package solution,

along with the speed advantages of the dual memory device solution. It is particularly well suited for use

in the portable-applications market, as highlighted by the numbered points that follow.

1. Small footprint:
FLASH+ brings savings in PCB size, fabrication steps and a consequent improved overall product
quality. An M39432 in a single TSOP40 occupies about 40% less PCB area than a standard 4 Mb
TSOP32 Flash memory, plus a 256 Kb TSOP28 parallel EEPROM.
Within the FLASH+ device, the Flash memory and EEPROM blocks share the same data, address and
control lines. The only extra overhead is the distinction between EF (Enable Flash) and EE (Enable
EEPROM), and the R/B (Ready/Busy) output (as depicted in the functional block diagram of Figure 4).
The 40-pin TSOP40 arrangement (as shown in Figure 5) is forward-compatible with (that is, an extend-
ed form of) the 32-pin M29W040 Flash memory. Pins 3 to 18 and 23 to 38 correspond exactly with the
pins of the M29W040 device.

2. Low power consumption:
There is a single supply voltage, across the Vcc and Vss pins. The stand-by current can be as low as
5 pA, over the full voltage and temperature ranges, when the device is in its Deep-Power-Down mode.
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Though much higher than this, the full operating current is required only during processor read and
write cycles. This gives the FLASH+ device a much lower power consumption than is possible with the
ESE technique: under ESE, each read or write cycle is composed of a sequence of microprocessor
read and write cycles (often, several hundreds of them), the full operating current is required for longer
periods than it is for the FLASH+ device.

. High speed:

When the application is running, the processor fetches executable instructions from the Flash memory,
and data from the EEPROM, occasionally writing data to the EEPROM. The EEPROM region of the
FLASH+ device can be read or written a byte at a time, or a 64-byte page at a time.

Although writing to the EEPROM region requires a few milliseconds, the FLASH+ device is accessed
as two independent memories. This concurrent mode of operation allows the Flash memory to continue
to service read requests, such as instruction fetches, even while the EEPROM is in the middle of per-
forming a write or erase operation.

. Short program development time:

Using FLASH+, the designer does not need to write EEPROM emulation software, or to fine-tune ex-
istent emulation software for the pattern of read, write, erase and interrupt requests that occur in the
particular application in hand.

Traceability and tagging:

The M39432 contains a 64 byte OTP row (one-time-programmable). This can be written once, using a
dedicated multi-byte instruction (see Table 4 of the M39432 data sheet). The OTP row can be used for
any user-defined purpose (such as for the holding of serial numbers, fabrication parameters, and other
tags for identification and traceability). The first write operation (whether it be a byte or page write) to
the OTP row will freeze the whole row against any further writes.

Large memory:

The FLASH-+ device is ideally suited to applications that need a large array of executable code and a
medium/large array of persistent, but changeable, data.

The two independent blocks of memory are each organized on an 8-bit bus. For the M39432, for ex-
ample, one block consists of 4 Mb of Flash memory (arranged as 512 K by 8 bits), and the other of
256 Kb of parallel EEPROM (arranged as 32 K by 8 bits).

FURTHER READING
Table 3 lists the application notes that describe ST's FLASH+ technology and M39432 memory device.

Table 3. Bibliography of the Application Notes on FLASH+ Technology

Application

Note Content Title

AN997 Introduction M39432: a FLASH+™ Multiple Memory Device

AN931 Greater detail | On-Chip Hardware EEPROM Emulation versus Flash Memory Software Solutions

AN996 Glossary Emulating the Unification of Flash and EEPROM: a Glossary

AN998 Technology FLASH+™ Multiple Memory Technology

AN999 Drivers Software Drivers for the M39432 FLASH+™ Mulitiple Memory
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SUMMARY OF THE FEATURES OF THE M39432 FLASH+ DEVICE

Uniform access time: 120 ns (Flash memory and EEPROM)

Single, uniform supply voltage: 3.0 V to 3.6 V (for read, program and erase operations)
Low stand-by current: 5 pA in deep power-down

Automatic stand-by and deep power-down modes

Device-type and memory-type identifier

Write, program and erase status bits

Data retention: 10 years

Standard memory package: TSOP40 (10 x 20 mm)

Extended temperature range: -40 °C to +85 °C

FLASH MEMORY BLOCK (IDENTICAL TO THE M29W040 FLASH MEMORY)
Programming time: 10 ms per byte

Flash sector erase

n Erase time: 1.5 seconds per sector
= 8 Sectors of 64 Kbytes each

m Sector protection

= Multi-sector erase

n Erase suspend and resume

10,000 Program/Erase cycles per sector

EEPROM BLOCK
m 512 pages of 64 bytes
= Additional 64 byte one-time-programmable (OTP) page

Writing features

e 64 byte page-write or single byte-write: 10 ms (maximum)
= Ready/Busy output pin

m Software data protection

100,000 write cycles

g
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Figure 4. Functional Block Diagram
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FLASH+™ Multiple Memory Technology

EPROM, Flash and EEPROM devices all use the same basic floating-gate mechanism to store data, but
they use different techniques for reading and writing. This application note discusses the similarities and
differences between these technologies, and introduces ST’s new FLASH+ multiple memory technology.

In each technology mentioned above, the memory cell consists of an MOS transistor with two gates:
= a control gate that is connected to the read/write control circuitry

n a floating-gate (located between the control gate and the MOSFET channel) that is completely
surrounded by an insulating layer of silicon dioxide.

Because the floating-gate is very close to the MOSFET channel, even a small electrical charge on it has
a readily detectable effect on the threshold voltage of the transistor. This mechanism is usually used to
store a single bit, which is read by comparing the present threshold voltage with a reference value. (With
more sophisticated read/write techniques it is possible to distinguish between more than two charge
states, thus allowing two or more bits to be represented on each floating-gate.)

Several techniques are available for moving electrons to and from the electrically isolated floating-gate:
1. Channel Hot Electron injection (CHE)

2. High energy light rays

3. Electron tunnelling

The first method is used in EPROM and flash memory devices, for charging the floating gate. The MOS-
FET channel is filled with high energy electrons by applying relatively high voltages to the control gate and
the drain. Some of these “hot” electrons have sufficient energy to cross the potential barrier between the
channel and the floating-gate. When the high voltages are removed, these electrons remain trapped on
the floating-gate.

In EPROM devices, the discharging of the floating-gates is achieved in parallel by flooding the entire mem-
ory array with ultra-violet light. The high energy light rays penetrate the chip structure and impart enough
energy to the trapped electrons to allow them to escape from the floating-gate. As well as being simple
and effective, this method is immune to problems of over-erasure: continuing to expose the gate to UV
light, after it has already been discharged, does not discharge it further to some non-operative region.
The third method, used in EEPROM devices, relies on a quantum-mechanical effect called tunnelling. A
voltage is applied to the source that is sufficient to cause electrons to “tunnel” across the insulating oxide
layer. This effect can be used both to charge or discharge the floating-gate, according to the polarity of the
applied tunnelling voltage.

For an EPROM device, the thickness of the oxide layer that separates the floating-gate from the source is
typically 20 to 25 nm (200 to 250 Angstroms). For EEPROM, though, the number of electrons that can tun-
nel across in a given time depends on the thickness of the layer and the value of the applied voltage. Con-
sequently, in order to meet realistic voltage-level and erase-time constraints, the insulating layer has to be
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very thin, typically 10 to 13 nm (100 to 130 Angstroms). The quality of this oxide layer has a profound effect
on the performance and reliability of the device.

Table 1. Summary of Methods for Charging and Discharging the Floating-gate

Technology Charge Discharge
EPROM channel hot electron ultra-violet light
Flash memory channel hot electron tunnelling
EEPROM tunnelling tunnelling

From the summary in Table 1, it can be seen that flash memory is programmed like an EPROM and erased
like an EEPROM. It therefore inherits many of the performance and reliability limitations of both EPROMs
and EEPROMs. On the other hand, flash memory avoids the main disadvantages of both: it has the elec-
trical erasability of EEPROM at a packing density close to that of EPROM. The high packing density is
made possible by a compromise in which, unlike EEPROM, flash memory is erased a sector at a time.
This, however, brings its own technological problems. A special erase algorithm is implemented, in hard-
ware, that first writes to all the cells in the sector, to ensure that every floating-gate is fully charged, and
then applies a short erase pulse to all of the cells simultaneously. The algorithm tests the state of the cells
in the sector, and repeats the erase-test cycle until all of the cells have been erased.

A problem may occur, however, if one cell discharges too quickly. The erase pulse will continue to be ap-
plied to it, until all the other cells have been erased, so causing the problem cell not only to be discharged
further, but to become increasingly charged at the opposite polarity. Charged with a surfeit of holes (over
depleted of electrons) the transistor will be placed in its depletion mode of operation. The problem cell will
exhibit a “stuck at” fault. The entire chip will thereby be rendered useless.

This problem can be easily prevented in low density EEPROMSs by design techniques that are not feasible
in multi-megabit flash devices. The solution is to combine optimized circuit design with a meticulously
tuned process that ensures a uniform and tightly controlled distribution of cell characteristics. For example,
increasing the thickness of the oxidation around the corners of the floating-gates prevents the occurrence
of high, local electric fields that can accelerate discharge. Special test modes and structures can also be
built into the devices to assist in process monitoring.

THE NEED FOR MULTI-TYPE MEMORY DEVICES

The reason that all three technologies survive, and continue to be supported, is that they each have their
own advantages. EEPROM is the most versatile of the non-volatile memory technologies, but is also the
most expensive. Since cells can be erased individually, or on a bytewise basis, each cell must include a
switch to enable it to be isolated from its neighbours. There must be as many switches to do this as there
are cells in the memory device. The most efficient EEPROM device, therefore, needs a two transistor cell.
EPROM, on the other hand, does not need transistors to isolate the individual bytes during the erase cycle,
and so can be implemented with a one transistor cell. EPROM is, therefore, the cheapest of the non-vol-
atile memory technologies discussed here. Large areas of storage that do not need to be changed often
are more effectively implemented in EPROM than in EEPROM.

Flash memory attempts to achieve the advantages of both, and the disadvantages of neither. With a single
transistor cell, it achieves most of the advantages of EPROM, allowing it to be used for large, unchanging
storage, such as for holding the microcontroller’'s executable program. However, this is made possible by
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limiting its erase operation only to whole sectors at a time. Flash memory, therefore, does not quite

achieve the flexibility of EEPROM.

For some applications, where the flexibility of EEPROM is required, it is necessary to include two memory

chips:

m one for the large executable program

= one for the frequently changing non-volatile data (data that needs to be retained from one power-on
period to another, but which can change often during any one power-on period).

To get round this problem, techniques are available that can emulate the flexible behaviour of EEPROM

in flash memory, thus allowing a single chip to be used for both types of memory. These techniques are

introduced in AN997, and analysed in more detail in AN931. A glossary for these techniques is available

in AN996. These application notes, listed in Table 2, are written to highlight the advantages offered by the

M39432 memory, implemented in ST’s new FLASH+™ technology.

Table 2. Bibliography of the Application Notes on FLASH+ Technology

Application

Note Content Title

AN997 Introduction M39432: a FLASH+™ Multiple Memory Device

AN931 Greater detail | On-Chip Hardware EEPROM Emulation versus Flash Memory Software Solutions

AN996 Glossary Emulating the Unification of Flash and EEPROM: a Glossary

AN998 Technology FLASH+™ Multiple Memory Technology

AN999 Drivers Software Drivers for the M39432 FLASH+™ Multiple Memory

FLASH+ TECHNOLOGY

FLASH+ technology uses the same 0.6 micron process that is used for our standard Flash memories. The
main difference is the use of a thinner tunnel oxide layer. The result is a “double poly/double metal” proc-
ess that is a little more complex than the industry standard “double poly/single metal” EEPROM process,
but provides significantly greater memory densities. For example, a 1 Mb parallel EEPROM complete with
error correction circuitry could be built with a cell size less than that of a 256 Kb serial EEPROM built with
the industry standard process.

Because this new technology is so closely related to flash, it has opened up the possibility of integrating
both types of memory on a single chip. This, in turn, leads to further efficiency, since much of the support
circuitry (such as charge pumps for on-chip generation of the programming voltage, address logic, state
machine and I/O buffers) can all be shared.

The M39432 features all of the following on a single chip:

n 4 Mb array of Flash memory, with:

sector protection

erase suspend/resume features

256 Kb array of full-featured EEPROM, with:

software data protection

- 64-byte page-mode

— enhanced end-of-write detection.
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Software Drivers for the M39432 FLASH+™ Multiple Memory

This document describes the primitive software drivers for use with the M39432. (The M39432 is a single-
chip memory device containing a 4 Mb block of single-voltage Flash memory, and a 256 Kb block of Par-
allel EEPROM.) These routines have been developed on an evaluation board that was configured as fol-
lows:

= 1 ST10 microcontroller running at 40 MHz (compatible with SIEEMENS 80C16X)

m 2 Mb SRAM (256 Kx8) occupying addresses OH to 03FFFFH

m 1 M39432

EEPROM (32 Kx8) occupying addresses 40000H to 47FFFH

FLASH (512 Kx8) occupying addresses 80000H to FFFFFH

1 asynchronous serial interface for communication with a PC.

Once compiled and linked, the software routines were down-loaded to the static RAM (SRAM) of the eval-
uation board, via the asynchronous serial interface. A high level language debugger (HLLD) was then run
on the processor of the evaluation board.

These routines were written in the C programming language, and can be easily adapted to many other
different processor environments.

Most of the routines are extremely simple, but involve multiple operations on the device. For instance, to
write a byte of data to the Flash memory area, the byte itself must be preceded by the “PROGRAM BYTE”
command (hexadecimal AA,55,A0 written to three specific addresses). For the command to be recog-
nised, the consecutive writes must be within a certain timing window of each other. The time between con-
secutive writes is called tWHWH, and must be no shorter than 0.2 ps (for physical reasons), and no longer
than 80 ps (otherwise the command would be timed-out by an internal timer).

The sections that follow take each of the routines in turn, describing the constraints, and showing the C
program solution.

Routine to Read a Byte from the M39432 Device
As indicated above, the EEPROM and Flash memory areas of the M39432 are mapped to distinct areas
of the address space. For example:
— EEPROM addresses run from 40000H to 47FFFH
— FLASH addresses run from 80000H to FFFFFH
The Byte-Read operation is performed in the conventional manner, just as it would for a byte at any other
address in main memory.
function READ(address) ;
begin
READ = *address
end

March 1999 1/30
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Routine to Write a Byte to the M39432 Device
Similarly, there is a Write-Byte operation, for sending a byte of data or command to the device.
The write cycle time of the M39432 is guaranteed to be less than 10 ms. Even so, since the microcontroller
is capable of executing a large number of instructions in this time, it might be desirable to calla CONTROL
function to set internal control flags, thereby registering that a write operation is in progress, and allowing
concurrent execution to be planned accordingly.
function WRITE (address, byte)
begin
*address = byte
CONTROL ( if implemented )
end
However, it must be emphasised that writing a byte to an address in the EEPROM or Flash memory area
does not necessarily lead to the byte being stored at the given location. A central idea of non-volatile mem-
ory is that the device may be protected from casual write operations.
The above function is used for sending command bytes to the M39432 device, to put it in a specific mode
of operation, as well as for sending data bytes to it, for storage. One of these commands is discussed next:
the command for writing a byte in the Flash memory area.

Routine to Program a Single Byte in the Flash Memory Area
To write a single byte to the Flash memory, three command bytes (hexadecimal AA,55,A0) must first be
written to three specific addresses. This is then followed by the byte that is to be written to the desired
address. A function for doing this appears as follows:
function BYTE_WRITE_FLA (address,byte)
begin
WRITE (@05555h,AAH)
WRITE (@O02AAAH,S55H)
WRITE (@05555H,A0QH)
WRITE (@address,byte)
CONTROL ( if implemented )
end .
Once the final write operation has been initiated, the Flash memory takes over its own internal manage-
ment, and will not accept any further operations until the previous one is completed.

Routine to Write a Byte in the EEPROM Area
The writing of a byte in the EEPROM area can be made to resemble the writing of a byte in RAM, or the
writing of a byte in Flash memory, depending on the level of protection required. When the software data
protection (SDP) mode is disabled, writing a byte into the EEPROM area is simply a matter of executing
a single WRITE operation, giving the address of the desired cell within the EEPROM area. The function
to do this is shown earlier, but is repeated here for completeness.
function WRITE(address,byte)
begin
*address = byte
CONTROL ( if implemented )

end

3
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When the SDP mode is enabled, writing a byte into the EEPROM area resembles the process of program-
ming a byte in the Flash memory area, as shown in the following function:

function SDP_BYTE (address, byte)

begin
WRITE
WRITE
WRITE
WRITE

end

(@05555H, AAH)
(@02AAAH, 55H)
(@05555H, AOH)

(address, byte)
CONTROL ( if implemented )

Routines to Enable and Disable Software Data Protection of the EEPROM Area
The purpose of the software data protection (SDP) mode is to offer some defence against inadvertent
writes to the EEPROM area. When the mode is enabled, bytes in the EEPROM area can only be over-
written if the data write is preceded by the appropriate three byte command.
By default, the M39432 is delivered in the unprotected mode. The routine to enable SDP involves sending
the (AA,55,A0) command on its own, as shown in the following function:

function SDP

begin
WRITE
WRITE
WRITE

end

(@05555H, AAH)
(G02AAAH, 55H)
(@05555H, A0H)

The routine to disable SDP involves sending a six byte command (hexadecimal AA,55,80,AA,55,20) as
shown in the following function:
function DIS_SDP

begin
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE

end

3

(@05555H, AAH)
(@02AAAH, 55H)
(@05555H, 80H)
(@05555H, AAH)
(@02AAAH, 55H)
(@05555H, 20H)
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Routine to Erase the Whole Flash Memory Area
The execution of the following six specific write operations (hexadecimal AA,55,80,AA,55,10) causes a
bulk erase of the whole Flash memory.
function BULK
begin
WRITE (@05555H,AAH)
WRITE (@02AAAH,55H)
WRITE (@05555H, 80H)
WRITE (@05555H,AAH)
WRITE (@O02AAAH,S55H)
WRITE (@05555H,10H)
CONTROL ( if implemented )
end

Routine to Erase a Sector of the Flash Memory Area
The Flash memory is divided into eight sectors, each one 64 Kbytes in size. These can be erased togeth-
er, as indicated in the previous section, or independently, as shown in this section. The operation involves
the writing of five specific bytes (hexadecimal AA,55,80,AA,55) to put the device into the command mode,
followed by a write of the value 30H to any address in each sector that is to be erased. An internal timer
in the M39432 allows the device to recognise the end of the sector-erase operation: the device reverts
back to normal mode when the last write operation is followed by a period of silence of 80 ps, or more.
(The routine to handle the timer control is described in the next section.)
function SECTOR_ERASE (sector_address)
begin

WRITE (@05555H,AAH)

WRITE (@O2AAAH,55H)

WRITE (@05555H,80H)

WRITE (@05555H,AAH)

WRITE (@O02AAAH,55H)

WRITE (@sector_i_address, 30H)

WRITE (@sector_j_address, 30H)

/* and so on for each sector to be erased */

CONTROL ( if implemented )

end

Writing BOH at any address in the Flash memory area will suspend the erase operation.

3
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Routing to Handle the Timer Control
The DQ83 status bit, known as the erase time-out flag, is reset when a sector-erase operation has been
initiated on the device. This can be read, and used, by the CONTROL function:
a. checking that DQ3 is still reset, indicating that the device is still receptive of erase commands (the com-
mand 30H, sent to an address in the chosen sector, as described in the previous section) )
b. checking that DQ3 has reverted to being set, indicating that the device has finished processing the last
erase operation at the end of the SECTOR_ERASE function (as described in the previous section).
An example of the handling of this status bit is given in the following program fragment:
begin
flag_timer= 1
count= 0
do
begin
read DQ3
count= count+1
end
while (DQ3==0) and (count =< value)
if count =< value then flag_timer= 0 (sector erase is processed, no more
sector addresses can be sent)
else flag_timer remains 1 (memory fail)
return flag_timer
end

Routine to Handle the EEPROM Toggle-bit Control
When a new value has been written to the EEPROM area, there is a minimum time before the memory
can accept the next operation. This delay can be hidden by allowing the processor to get on with other
useful work, and later to poll the EEPROM to find out if it is still busy. The DQ6 status bit, known as the
toggle flag, toggles between 0 and 1 on successive reads, until the erase/write cycle is complete. The state
of completion, therefore, is indicated when two successive read operations of DQ6 return the same value.
The following program fragment implements the required algorithm:
begin
n_bit= 6
counté6= 0
flag_toggle= 1
do
begin
first read of DQ6
second read of DQ6
count6= count6+1
end
while (first read of DQ6 != second read of DQ6) and (count6 =< max)
if min=<count6=<max then flag_toggle= 0 (byte written OK)
else flag_toggle= 1 (memory fail)
end

q
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The completion of EEPROM erase/write cycles can alternatively be detected by controlling the DQ7 status
bit, by a process known as data polling, as described next.

Routine to Handle the Data Polling Bit Control of the Flash Memory
The DQ7 status bit, known as the data polling flag, is an indicator for the end of byte-program and sector-
erase operations in the Flash memory area. Data polling is effective after the fourth W pulse (for program-
ming) or after the sixth W pulse (for erase). It must be performed at the address being programmed or at
an address within the Flash sector being erased. When erasing or programming the Flash memory area,
or when writing to the EEPROM area, bit DQ7 is held at the complement of the value that the processor
wrote to it. Once the operation is completed, the bit is complemented again, back to its correct value.
In the following program fragment, the DQ5 status bit, known as the error flag, is also checked. A logic
level ‘1’ on this bit indicates a failure of the byte-programming, sector-erase or a bulk-erase operation. Any
sector, in which an error of this type has occurred, must not be used any more. Other sectors may continue
to be used.
begin
flag_data_polling=1
last_bit_dg7=1last_byte&0x80 (bit 7 to be written in FLASH)
do
begin
read DQ7
read DQ5
end
while (DQ7!=last_bit_dg7) and (error_bit_dg5=0)
if error_bit_DQ5=0 then flag_data_polling=0
else
begin
read DQ7
if data_polling_dq7=last_bit_dq7
then flag_data_polling=0
else
begin
flag_toggle=1
RESET
end
end
return flag_data_polling
end
When set, the error bit must be reset with the reset or short reset instruction (as described in the next sec-
tion).

g
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Routine to Reset the Flash Memory
This function must be run each time an error is detected on the error bit of the status register. It involves
the writing of three specific bytes (hexadecimal AA,55,F0). A minimum delay of 5 ps is required before the
next operation can be performed on the memory.
void RST
begin
WRITE (@05555H,AAH)
WRITE (@02AAAH,55H)
WRITE (address,FO0)
wait Sus
end
Writing FOH at any address in the Flash memory area, known as a short reset, is equivalent to the above
sequence.
void SHORT_RST
begin
WRITE (address,F0)
wait Sus

end

FURTHER READING
Table 1 lists the application notes that introduce ST's FLASH+ technology and the M39432 device.

Table 1. Bibliography of the Application Notes on FLASH+ Technology

Application

Note Content : Title

AN997 Introduction M39432: a FLASH+'™ Multiple Memory Device

AN931 Greater detail [ On-Chip Hardware EEPROM Emulation versus Flash Memory Software Solutions

AN996 Glossary Emulating the Unification of Flash and EEPROM: a Glossary

AN998 Technology FLASH+™ Multiple Memory Technology

AN999 Drivers Software Drivers for the M39432 FLASH+™ Multiple Memory
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SOFTWARE EXAMPLES

The following three program fragments show examples of how the drivers can be used. The source files
can be downloaded from the server. They are respectively: SCEE9701.C, SCEE9702.C and
SCEE9703.C.

Example of a Program Using the Bulk Erase Function

This program fragment erases all the Flash memory sectors by using the bulk erase function. It also dem-
onstrates the use of the RESET and CONTROL_DATA_POLLING_FLA functions.

/* FLASH+ ; M39432 DRIVER SOURCE CODE : FLASH BULK ERASE */
/* Version: 1.01 */

R E KKK KK I KK AR KK AR IR KR IR KKK AR K KRR AARK AR AR KKK A KKK I K AR KK AR KR K IR A AKX KRR * ok /

/* Copyright (c) 1997 SGS-THOMSON Microelectronics. *x/
/* */
/* This program is provided "AS IS" WITHOUT WARRANTY OF ANY KIND, EITHER */
/* EXPRESSED OR IMPLIED, INCLUDING BUT NOT LIMITED TO, THE IMPLIED WARRANTY */
/* OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE RISK */
/* AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM IS WITH YOU. SHOULD THE */
/* PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY SERVICING, */
/* REPAIR OR CORRECTION. */

JEREFIKKK KKK I KKK KKK KKF KKK I KK h Kk ko hkhkkhhhk ok kh ok kkk ko k ok kkkhrhkkkkkk ks /

/****************************************************************/

/* */
/* This program executes the bulk erase function. */
/* © All the sectors in the flash will be erased. x/
/* */
/* input variable : none */
/* internal variable : bulk_ok,=0 when the bulk */
/* erase is ok */
/* output variable : none */
/* */
/* */

/****************************************************************/
#define bytel Oxaa

#define byte2 0x55

#define byte_erase 0x80

#define byte_confirm 0x10

#define byte_rst 0xf0

#define prog_codel 0x85555
#define prog_code2 0x82aaa

g
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/* DECLARATION OF FUNCTIONS */

/* write and read functions*/

void WRITE(char xhuge *,char );
char READ_BIT(char, char xhuge * );
char READ(char xhuge *addr);

/* erase function*/
char BULK_ERASE(void);

/* control function*/
char CONTROL_DATA_POLLING_FLA (char, char xhuge *);

/* reset function*/
void RST(char xhuge *);

/* MAIN STARTS HERE */
void main (void) {
char bulk_ok=1;

bulk_ok = BULK_ERASE();

/* END OF MAIN */

/**FUNCTION BULK_ERASE: FLASH****kkxkkkkhhkkhkhkkhhhhhkhhhhhhkhkkxk* /

if

/*

/* input variable : none

/*

/* output variable : flag_polling_dq7,receives the
/* result of the data polling,
/* this flag=0 the erase is

/* complete.

/* this function issues the bulk erase command
/* all the sectors in the flash will be erased

*/
*/
*/
*/
*/
*/
*/
*/
*/

/****************************************************************/

char BULK_ERASE(void) {

char xhuge *addr;
char byte, flag_polling_dq7=1,last_byte=0xff;

/* coded cycle */

addr= prog_codel;/* write Oxaa at @5555H IN FLASH (base=80000) */

byte=bytel;

[S72
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WRITE (addr, byte) ;

addr= prog_code2;/* write 0x55 at @2AAAH IN FLASH (base=80000) */
byte=byte2;
WRITE (addr, byte) ;

/* erase command */

addr=prog_codel;/* write 0x80 at @5555H IN FLASH (base=80000) */
byte=byte_erase;

WRITE (addr, byte) ;

/* coded cycle */
addr= prog_codel;/* write Oxaa at @5555H IN FLASH (base=80000) */

byte=bytel;
WRITE (addr, byte);

addr= prog_code2;/* write 0x55 at @2AAAH IN FLASH (base=80000) */
byte=byte2;
WRITE (addr, byte) ;

/*bulk erase confirm */

addr=prog_codel;/* write 0x10 at @5555H IN FLASH (base=80000) */
byte=byte_confirm;

WRITE (addr, byte) ;

flag_polling_dq7= CONTROL_DATA_POLLING_FLA (last_byte,addr);
return(flag_polling_dq7);

/**FUNCTION WRITE: TO WRITE A BYTE IN FLASH MEMORY******kxk*kkkik/

/* */
/* input variable : addr, write address */
/* byte */
/* output variable : none */
/* */
/* this function writes a byte at the given address */

/****************************************************************/

void WRITE(char xhuge *addr,char byte) {

*addr=byte;

/**FUNCTION READ: TO READ A BYTE FROM FLASH MEMORY***%kkdkkkskkkkxk /
/* */

10/30
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/*
/*
/*
/*
/*

input variable : ‘addr, read address
output variable : read, read byte

this function reads a byte at the given address

*/
*/
*/
*/
*/

/****************************************************************/

char READ(char xhuge *addr) {
char read;

read = *addr;
return(read) ;

/**FUNCTION CONTROL_DATA_POLLING_FLA (FLASH) ******kxkkkkkkkkkkk** /

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

input variable : addr, read address
last_byte, last byte written

read bits from the status
register:data_polling_bit_dq7

internal variables :

When a programming operation is in progress, this bit

outputs the complement of the bit being programmed on dq7.

During an Erase operation, it outputs ‘0’ then ’'1’' after
Erase completion.

error_bit_dq5 outputs 1 when there is an error
during programming or erasing.

last_bit_dq7 variable which stores the value of the last

bit dq7 being programmed is set to OFFH before the erasing.

n_bit, bit number to be read.

output variable : flag_data_polling, returns 0 when
the read bit = last_bit written
or when dg7=1 for erasure.
It returns 1 if
- error_bit_dg5=1 (memory fail) and

and - read bit is the complement of the bit

being programmed or erased

This function controls the data polling during

programming or erasing

[S74

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
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/****************************************************************/

char CONTROL_DATA_POLLING_FLA (char last_byte,char xhuge *addr)
{

char flag_data_polling=1,data_polling_bit_dq7;

char n_bit,last_bit_qg7,error_bit_dq5;

int count7=0;

last_bit_g7=1last_byte&0x80;

do

{

n_bit=7;

data_polling_bit_dq7 = READ_BIT(n_bit,addr);

n_bit=5;

error_bit_dg5=READ_BIT (n_bit,addr) ;

count7++;

}

while ((data_polling_bit_dq7!=last_bit_qg7)&&(error_bit_dq5==0));
if(error_bit_dq5==0) flag_data_polling=0;

else

{

n_bit=7;

data_polling_bit_dqg7=READ_BIT(n_bit,addr);
if(data_polling_bit_dg7==1last_bit_q7) flag_data_polling=0;
else RST(addr);

}

return(flag_data_polling);

/**FUNCTION READ_BIT: TO READ A BIT(x) FROM A FLASH BYTE******%%x/

/* */
/* input variable : addr, read address */
/* n_bit, bit number */
/* output variable : bit_dax */
/* this function reads a byte at the given address */
/* makes a mask on the byte and returns the value */
/* of the bit */

Vada i a AR AR AR R AR A S AR RS RS ES R AR SRRttt el

char READ_BIT(char n_bit, char xhuge *addr ) {
char read,bit_dagx;

read = READ(addr);
switch(n_bit)

3
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case 0: bit_dgx= read&0x01;

break;

case 1: bit_dagx= read&0x02;
break;

case 2: bit_dgx= read&0x04;
break;

case 3: bit_dagx= read&0x08;
break;

case 4: bit_dgx= read&0x10;
break;

case 5: bit_dgx= read&0x20;
break;

case 6: bit_dgx= read&0x40;
break;

case 7: bit_dgx= read&0x80;
break;

}
return(bit_dgx) ;

/**FUNCTION RST: TO RESET THE FLASH MEMORY*******kdkk&kdkkkkkhhx*/

/* */
/* input variable : addr, write address */
/* byte=0xf0 */
/* output variable : none */
/* */
/* This function resets the flash, after a wait state of Sus. */
/* Subsequent read operations will read the memory array */
/* addressed and output the read byte. */

JrREI Ak kkkkk ko kkhhk ko k ko khkhhkhhhhhhh ko kkhhk kA kA hhkkkhkkhkhh k% /

void RST(char xhuge *addr) {
char byte,count=0;

byte=byte_rst;
WRITE (addr, byte);
while(count++<100) ;

3
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Example of a Program Using the Single Sector Erase and Byte Program Functions
This program fragment erases one sector of Flash memory, and then writes the value 04H throughout the
sector using the byte programming operation. It also demonstrates the use of the RESET and
CONTROL_DATA_POLLING_FLA functions.

/* FLASH+ ; M39432 DRIVER SOURCE CODE : SECTOR ERASE AND BYTE PROGRAMMING

/* Version: 1.01

*/
*/

/************'k**************a\'******'k*****************************************/

/*
/*

/* This program is provided "AS IS" WITHOUT WARRANTY OF ANY KIND, EITHER
/* EXPRESSED OR IMPLIED, INCLUDING BUT NOT LIMITED TO,
/* OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE RISK
/* AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM IS WITH YOU. SHOULD THE
/* PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY SERVICING,

Copyright (c) 1997 SGS-THOMSON Microelectronics.

/* REPAIR OR CORRECTION.

/****************************************************************************/

/****'k************************'k*************************************/

/*

*/

/* This program calls the functions SECTOR_ERASE and BYTE_WRI_FLA */
/* input variable : none */
/* internal variable : array, which contains the sector numbers */

/* n, number of sector to be erased */
/* erase_ok, flag which indicates if */
/* the erase is ok */
/* addr_flash_appli, address to program the */
/* application in the flash */
/* byte, byte to program */
/* output variable : none */
/* erase_ok=0 when the erase of sectors is successful */
/* write_ok=0 when the write in the flash is successful */

/*******************************************************************/

#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

14/30

bytel Oxaa

byte2 0x55

byte_prog 0xal

byte_erase 0x80

byte_confirm 0x10
byte_sector_erase_confirm 0x30
byte_rst 0xf0

page 64

prog_codel 0x85555

prog_code2 0x82aaa

THE IMPLIED WARRANTY

*/
*/
*/
*/
*/
*/
*/
*/

g
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/* DECLARATION OF FUNCTIONS */

/* write function*/
char BYTE_WRITE_FLA (char xhuge *,char);
void WRITE(char xhuge *,char );

/* erase function*/
char SECTOR_ERASE(char,char []);

' /* control status register functions */
char CONTROL_DATA_POLLING_FLA (char, char xhuge *);
char CONTROL_TIMER (char xhuge *,char);

/* read functions */
char READ_BIT(char, char xhuge * );
char READ(char xhuge *);

/* reset function */
void RST(char xhuge *);

char xhuge * SELECT_SECTOR (char);
/* MAIN STARTS HERE */
void main(void)
{
char erase_ok=1,array[8],n;
char byte,write_ok_byte=1;
int i=0;
char xhuge *addr_flash_appli;
addr_flash_appli = 0x90000;
/* init array */
array[0]=1;

n=1;

/***************/

erase_ok = SECTOR_ERASE(n,array) ;
/* init of variables */

byte=0x04;
/*********************/

for(i=0;1<=8192;1i++)
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{

write_ok_byte=BYTE_WRITE_FLA( (addr_flash_appli + i),byte);

}

/**FUNCTION SECTOR_ERASE :

/* END OF MAIN */

TO ERASE SECTORS OF FLASH MEMORY******/

/* */
/* input variable n, number of sectors to be erased. */
/* array, contains the sector addresses */
/* (0 to 7) to be erased. */
/* */
/* internal variables erase_timer_bit_dg3, this bit from */
/* the status register gives information*/
/* about the erase timeout period. This */
/* bit = 0 when the timeout is not */
/* expired. */
/* flag_timer_dg3, this flag=0 when the */
/* internal erase cycle has started. */
/* flag_polling_dq7, receives the result*/
/* of the data polling. This flag=0 */
/* when the erase is complete */
/* n_sector, sector number */
/* n_bit, bit number *x/
/* */
/* output variable erase_ok */
/* */
/* This function issues the sector erase command. */
/* All the sectors mentioned in the array are erased. */
/* This function returns 0 when there is a successful erase */

/****************************************************************/

char SECTOR_ERASE(char n,char arrayl[]) {

char xhuge *addr;

char byte, flag_polling_dq7=1,erase_timer_bit_dq3

char n_bit=3,n_sector,i=0, flag_timer_dq3;

char erase_ok=1, last_byte= Oxff;

/* coded cycle */

addr= prog_codel;/* write Oxaa at @5555H IN FLASH (base=80000) */

byte=bytel;
WRITE (addr, byte) ;
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addr= prog_code2;/* write 0x55 at @2AAAH IN FLASH (base=80000) */
byte=byte2;
WRITE (addr, byte) ;

/* erase command */

addr=prog_codel;/* write 0x80 at @5555H IN FLASH (base=80000) */
byte=byte_erase;

WRITE (addr, byte) ;

/* coded éycle */

addr= prog_codel;/* write Oxaa at @5555H IN FLASH (base=80000) */
byte=bytel;

WRITE (addr, byte) ;

addr= prog_code2;/* write 0x55 at @2AAAH IN FLASH (base=80000) */
byte=byte2;
WRITE (addr, byte) ;
/*sector erase confirm */
do
{
n_sector=arrayl[il;
addr=SELECT_SECTOR (n_sector) ; /* write 0x10 at @5555H */
/* IN FLASH (base=80000) */
byte=byte_sector_erase_confirm;
WRITE (addr, byte) ;
erase_timer_bit_dqg3=READ_BIT(n_bit,addr);
1+4;
}
while( (i<n)&&(!erase_timer_bit_dq3));

if (!erase_timer_bit_dqg3)flag_timer_dg3 = CONTROL_TIMER (addr,n_bit);
flag_polling_dqg7= CONTROL_DATA_POLLING_FLA (last_byte,addr) ;
if((!flag_timer_dqg3)&&(!flag_polling_dq7)) erase_ok=0;

return (erase_ok) ;

}

/**FUNCTION READ: TO READ A BYTE FROM FLASH MEMORY™******kxkkkkkx/

/* */
/* input variable : addr, read address */
/ * * /
/* output variable : read, read byte */
S7i 17/30
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/* */
/* this function reads a byte at the given address */
/****************************************************************/

char READ(char xhuge *addr) {

char read;

read = *addr;
return(read) ;

/**FUNCTION CONTROL_DATA_POLLING_FLA (FLASGH)*****¥*%kkkkskkkkkkkkkk /

/* */
/* input variable : addr, read address */
/* last_byte, last byte written */
/* */
/* internal variables : read bits from the status */
/* register:data_polling_bit_dq7 */
/* */
/* When a programming operation is in progress, this bit */
/* outputs the complement of the bit being programmed on dg7. */
/* During an Erase operation, it outputs ‘0’ then ‘1’ after */
/* Erase completion. */
/* */
/* error_bit_dg5 outputs 1 when there is an error */
/* during programming or erasing. */
/* */

/* last_bit_dq7 variable which stores the value of the last */
/* bit dq7 being programmed is set to OFFH before the erasing.*/

/* n_bit, bit number to be read. */
/* */
/* output variable : flag_data_polling, returns 0 when */
/* the read bit = last_bit written */
/* or when dg7=1 for erasure. */
/* It returns 1 if : */
/* - error_bit_dg5=1 (memory fail) and */
/* and - read bit is the complement of the bit */
/* being programmed or erased */
/* */
/* This function controls the data polling during */
/* programming or erasing */

/****************************************************************/

char CONTROL_DATA_POLLING_FLA (char last_byte,char xhuge *addr)
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{

char flag_data_polling=1,data_polling bit_dq7;
char n_bit,last_bit_qg7,error_bit_dg5;

int count7=0;

last_bit_g7=1last_byte&0x80;

do

{

n_bit=7;

data_polling_bit_dqg7 = READ_BIT(n_bit,addr):
n_bit=5;

error_bit_dg5=READ_BIT(n_bit,addr) ;
count7++;

}

while ((data_polling_bit_dq7!=last_bit_q7)&&(error_bit_dg5==0));

if (error_bit_dg5==0) flag_data_polling=0;

else

{

n_bit=7;

data_polling_bit_dq7=READ_BIT(n_bit,addr) ;
if(data_polling_bit_dg7==last_bit_qg7) flag_data_polling=0;
else RST(addr);

}

return(flag_data_polling) ;

/**FUNCTION READ_BIT: TO READ A BIT(x) FROM A FLASH BYTE******xk%/

/*

/* input variable : addr, read address

/* n_bit, bit number

/* output variable : bit_dgx

/* this function reads a byte at the given address
/* makes a mask on the byte and returns the value
/* of the bit

*/
*/
*/
*/
*/
*/
*/

/****************************************************************/

char READ_BIT(char n_bit, char xhuge *addr ) {
char read,bit_dagx;

read = READ(addr) ;

switch(n_bit)

{

case 0: bit_dgx= read&0x01;
break;

J
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case 1: bit_dgx= read&0x02;
break;

case 2: bit_dgx= read&0x04;
break;

case 3: bit_dgx= read&0x08;
break;

case 4: bit_dgx= read&0x10;
break;

case 5: bit_dgx= read&0x20;

break;

case 6: bit_dgx= read&0x40;
break;

case 7: bit_dgx= read&0x80;
break;

}
return (bit_dagx);

/**FUNCTION RST: TO RESET THE FLASH MEMORY****®&kkkkdkkxrhdkkxkkkk/

/* */
/* input variable : addr, write address */
/* byte=0xf0 */
/* output variable : none */
/* */
/* This function resets the flash, after a wait state of 5@s. */
/* Subsequent read operations will read the memory array */
/* addressed and output the read byte. */

JRFIKEKFRF KK KK KKK KK AKX KKK R KAk k ko hhkhhdkrhkhhkhhkhkkhkkkkhkkhkkkkhkk /

void RST(char xhuge *addr) {
char byte,count=0;

byte=byte_rst;
WRITE (addr, byte);
while(count++<100) ;

/**FU‘NCTION SELECT_SECTOR****************************************/
/* */
/* 1input variable : n_secteur, sector to be selected. */
/* output variable : addr, base address of the selected sector */

/* */
/* This function receives the number of the sector selected */
20/30
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/*

and returns its base address */

/****************************************************************/

char xhuge * SELECT_SECTOR (char n_secteur) {
char xhuge *addr;

switch(n_secteur)

{

case 0: addr= 0x80000;
break;

case 1: addr= 0x90000;
break;

case 2: addr= 0xa0000;
break;

case 3: addr= 0xb0000;
break;

case 4: addr= 0xc0000;
break;

case 5: addr= 0xd0000;
break;

case 6: addr= 0xe0000;
break;

case 7: addr= 0xf0000;
break;

}
return(addr) ;

/**FUNCTION CONTROL_TIMER: (memory flash)*****kkkkrhhhkkkkkrkkkskksk/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

*/

input variable : addr, read address */
n_bit, the number of the bit to be */

controlled */

output variable : flag_timer, return 0 erase timer bit = 1 */

return 1 if the count is overflow. */
This function awaits the start of the internal flash erase */
cycle. When the last sector erase command has been entered, */

the P/E.C. sets the erase bit timer to ‘0’. */
The wait period is finished after 80 to 120us. */
When the internal erase cycle starts : the erase bit */
timer = 1 and the function return 0. */

If an error occurs (count is overflow the function return 1)*/

/****************************************************************/

char CONTROL_TIMER (char xhuge *addr,char n_bit) {

74
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char flag_timer=1,bit_timer;
int count=0;

do

{

bit_timer = READ_BIT(n_bit,addr);

count++;

}

while ((bit_timer != 0x20)&&(count<=100)); /*while dg5 != 1*/

if (count<=400) flag_timer = 0 ;
return(flag_timer) ;

/**FUNCTION BYTE_WRITE FLA: TO WRITE A BYTE IN FLASH & CONTROL***/

/* */
/* input variable : addr, write address */
/* byte */
/* output variable : flag_data_polling_dq7 */
/* */
/* This function writes a byte at the given address and */
/* controls the toggle bit. */
/* return flag_timer_dg6,=0 if byte write is successful */

/****************************************************************/

char BYTE_WRITE_FLA(char xhuge *addr,char byte) {
char flag_data_polling_dq7=1;

/* this block enables the writes in the memory */
{
char xhuge *address;
char bytes;
address= prog_codel;/*write Oxaa at @5555H IN FLASH (base=80000)*/

bytes=bytel;
WRITE (address, bytes) ;

address= prog_code2;/*write 0x55 at @2AAAH IN FLASH (base=80000)*/
bytes=byte2;
WRITE (address, bytes) ;

address=prog_codel; /*write 0xa0 at @5555H IN FLASH (base=80000)*/
bytes=byte_prog;
WRITE (address, bytes) ;

}
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WRITE (addr, byte) ;
flag_data_polling_dg7 = CONTROL_DATA_POLLING_FLA (byte,addr) ;
return(flag_data_polling_dq7);
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Example of a Program Using the SDP Enable, SDP Disable and SDP Byte Write Functions

This program fragment enables the software data protection function, and then continues to write values
into the EEPROM area by using the SDP_BYTE function. Finally, it disables the software data protection
function. It also demonstrates the use of the CONTROL_TOGGLE_EE function.

/* FLASH+ ; M39432 DRIVER SOURCE CODE : SDP IN EEPROM BLOCK */
/* Version: 1.01 */

/****************************************************************************/

/* Copyright (c) 1997 SGS-THOMSON Microelectronics. */
/* */
/* This program is provided "AS IS" WITHOUT WARRANTY OF ANY KIND, EITHER */
/* EXPRESSED OR IMPLIED, INCLUDING BUT NOT LIMITED TO, THE IMPLIED WARRANTY */
/* OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE RISK */
/* AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM IS WITH YOU. SHOULD THE */
/* PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY SERVICING, */
/* REPAIR OR CORRECTION. */

/****************************************************************************/

/****************************************************************/

/* . */
/* This program calls three functions: */
/* SDP : enable data protection */
/* WRITE_SDP : write a byte and control the toggle bit */
/* when the eeprom is protected */
/* DIS_SDP : disable the data protection */
/* */
/* input variable : none */
/* internal variable : addr, address to be written */
/* byte, byte to be written */
/* write_ok_byte */
/* free, =0 when the internal */
/* programming cycle is finished */
/* (result of the toggle bit) */
/* output variable : none */
/* */
/* write_ok_byte=0 when the write operation is successful */

/****************************************************************/

#define bytel Oxaa
#tdefine byte2 0x55
#define byte_sdp 0xa0
#define byte3 0x80
#tdefine byted 0x20

24/30
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#define addrl 0x45555
#define addr2 0Ox42aaa

/* control status register function */
char CONTROL_TOGGLE_EE (char xhuge *);

/* write and read functions */
char READ_BIT(char, char xhuge *);
void WRITE(char xhuge *,char);
char SDP_BYTE(char xhuge *,char);
char READ(char xhuge *);

/* set and disable data protection function */
void SDP(void) ;
void DIS_SDP(void);

/* MAIN STARTS HERE */

/****************/

/* main program */
/****************/

void main (void) {
char write_ok_byte=1, free=1 ;
char byte;

char xhuge *addr;

/* INIT THE ADDRESS TO WRITE IN THE EEPROM AND THE DATA */

addr = 0x40040;
byte = Oxaa;
SDP () ;

/* the memory is protected */
free= CONTROL_TOGGLE_EE (addr) ;
/* wait the end of the internal write cycle */
if(free==0);
{
write_ok_byte = SDP_BYTE (addr,byte) ;
}
DIS_SDP();

/* the memory is not protected */

573
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} /* END OF MAIN */

/**FUNCTION WRITE: TO WRITE A BYTE IN EEPROM******xdkxxxatkhxhhsksk/

/* */
/* input variable : addr, address to be written */
/* byte, byte to be written */
/* output variable : none */
/* */
/* this function writes a byte at the given address */

/****************************************************************/

void WRITE (char xhuge *addr,char byte) {

*addr=byte;

/**FUNCTION READ: TO READ A BYTE FROM EEPROM****#® ¥k kdkkkkhkdkskkk /

/* */
/* input variable : addr, read address */
/* */
/* output variable : read, read byte */
/* this function reads a byte at the given address */

/****************************************************************/

char READ(char xhuge *addr) {
char read;

read = *addr;
return(read) ;

/**FUNCTION WRITE_SDP : TO WRITE A BYTE IN EEPROM WITH CONTROL***/

/* */
/* input variable : addr, address to be written */
/* byte, byte to be written */
/* output variable : flag_toggle_da6 */
/* . */
/* this function writes a byte at the given address and */
/* controls the toggle bit. */

/* return flag_toggle_dg6,=0 if the byte write is successful */
/******************************************r*********************/

char SDP_BYTE (char xhuge *addr,char byte) {
char flag_toggle_dg6=1;
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/* this block enables the write in the memory */
{
char xhuge *address;
char bytes;
address=addrl;/* write Oxaa at @5555H IN EEPROM (base=40000) */
bytes=bytel;
WRITE (address, bytes) ;

address=addr2;/* write 0x55 at @2AAAH IN EEPROM (base=40000) */
bytes=byte2;
WRITE (address, bytes) ;

address=addrl;/* write 0xa0 at @5555H IN EEPROM (base=40000) */
bytes=byte_sdp;
WRITE (address, bytes) ;

}

WRITE (addr, byte) ;
flag_toggle_dg6 = CONTROL_TOGGLE_EE (addr) ;
return(flag_toggle_dqgé6) ;

}

/**FUNCTION CONTROL_TOGGLE_EE (EEPROM) ***************************/

/* */
/* input variable : addr, read address */
/* internal variable : first_bit_dg6, first read */
/* (from the status register) of */
/* bit dgé6 */
/* second_bit_dgb, second read */
/* ( " ) of bit dé6 */
/* */
/* output variable : flag_toggle, returns 0 when the */
/* toggle bit stops */
/* (the internal write cycle is */
/* finished) and return 1 if the */
/* count is overflow or less than */
/* we éxpected */
/* this function controls the toggle bit */

/****************************************************************/

char CONTROL_TOGGLE_EE(char xhuge *addr) {
char first_bit_dg6, second_bit_dgé6, flag_toggle=1,n_bit=6;
int count6=0;

do
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{

first_bit_dgb6=READ_BIT(n_bit,addr);
second_bit_dg6=READ_BIT(n_bit,addr) ;

countb++;

}

while ((first_bit_dg6!=second_bit_dgé)&&(count6<=200)) ;
if ((count6>=34)&& (count6<=200)) flag_toggle=0;
return(flag_toggle) ;

/**FUNCTION READ_BIT: TO READ A BIT(x) FROM AN EEPROM BYTEX****x%/

/* */
/* input variable : addr, read address */
/* n_bit, number of the bit */
/* output variable : bit_dagx */
/* this function reads a byte at the address, */
/* makes a mask on the byte and returns the bit value */

/****************************************************************/

char READ_BIT(char n_bit, char xhuge *addr ) {
char read,bit_dagx;

read = READ(addr) ;
switch(n_bit)

{

case 0: bit_dgx= read&0x01;

break;

case 1: bit_dgx= read&0x02;
break;

case 2: bit_dgx= read&0x04;
break;

case 3: bit_dgx= read&0x08;
break;

case 4: bit_dgx= read&0x10;
break;

case 5: bit_dgx= read&0x20;
break;

case 6: bit_dgx= read&0x40;
break;

case 7: bit_dgx= read&0x80;
break;

}
return (bit_dagx) ;
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/**FUNCTION SDP: SET SDP(EEPROM)*********************************/

/* */
/* input variable : none */
/* output variable : none */
/* */
/* This function enables the data protection */

JREE Rk kkkkkkkkkkkkkhkkkk ko kkkhkkkh ok khhkkhkhhhkhkhh ok hkhhhkhkkrkk /

void SDP(void) {
char xhuge *addr;
char byte;

addr=addrl;/* write Oxaa at @5555H IN EEPROM (base=40000) */
byte=bytel;
WRITE (addr, byte) ;

addr=addr2;/* write 0x55 at @2AAAH IN EEPROM (base=40000) */
byte=byte2;
WRITE (addr, byte) ;

addr=addrl;/* write Oxa0 at @5555H IN EEPROM (base=40000) */

byte=byte_sdp;
WRITE (addr, byte) ;

/**FUNCTION DIS_SDP: DISABLE SDP(EEPROM) *****&&&kkdkdkkkkhhhhhkrdx/

/* */
/* input variable : none */
/* output variable : none */
/* */
/* This function disables the data protection */

/****************************************************************/

/* DISABLE SDP */

void DIS_SDP(void) {
char xhuge *addr;
char byte;

addr=addrl;/* write Oxaa at @5555H IN EEPROM (base=40000) */
byte=bytel;
WRITE (addr,byte) ;

574
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addr=addr2;/* write
byte=byte2;
WRITE (addr, byte) ;

addr=addrl;/* write
byte=byte3;
WRITE (addr, byte) ;

addr=addrl;/* write
byte=bytel;
WRITE (addr, byte) ;

addr=addr2;/* write
byte=byte2;
WRITE (addr, byte) ;

addr=addrl;
byte=byted;/* write
WRITE (addr, byte) ;

0x55

0x80

Oxaa

0x55

0x20

at

at

at

at

at

@2AAAH

@5555H

@5555H

@2AAAH

@5555H

IN

IN

IN

IN

IN

EEPROM

EEPROM

EEPROM

EEPROM

EEPROM

(base=40000)

(base=40000)

(base=40000)

(base=40000)

(base=40000)

*/

*/

*/

*/

*/
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EEPROM-Based Application Specific Memories

Although the bulk of memory devices shipped today are standard commodity products, there is a rapidly
growing market for Application Specific Memories (ASMs). These are devices that are specifically opti-
mized for particular applications. These include both custom devices, and standard products that are de-
signed to perform a specific function. Although the general concept of ASM is applicable to any type of
memory, the greatest activity today involves devices that include non-volatile memories, such as Flash,
OTP or EEPROM.

Although the concept of ASM is not new, recent advances in technology, manufacturing efficiency and de-

sign re-use have made it possible to develop and produce ASMs at previously unobtainable levels of price-

to-performance and with very short design times. This is opening up a huge range of innovative potential

applications that were not previously feasible on technical, economic or time-to-market grounds.

One of the first application specific memory devices was the phonecard chip, which ST began manufac-

turing over 20 years ago. Today’s phonecard chips are considerably more sophisticated, but still retain the

same basic requirements: they are non-volatile memories with special protection features, and they must

be produced at extremely low cost. Many ASM applications need devices with the same characteristics,

with the result that the techniques developed to meet the economic and technical demands of the phone-

card market can be successfully applied to other areas.

The two main benefits of ASM technology are cost reduction through the use of fewer packages, and the

protection of stored data or intellectual property. Reducing component count can be achieved either by

mounting different memory chips in a single package or by implementing different memory functions on

the same chip. A wide range of protection functions is available, including:

& read and write control mechanisms, both hardware and software

m OTP (one-time programmable) areas

m logic functions

m transport codes, anti-tearing functions, issuer keys, and other sophisticated mechanisms developed for
the smartcard and phonecard markets.

Figure 1 illustrates the general structure of an ASM, and the variety of building blocks that are available.

Typically, the core of the ASM is an EEPROM array. EEPROM is ideal for ASMs because of its byte-level

programmability, its high write-cycle endurance and — increasingly important — its ability to operate at low

voltage, and with very low standby currents. The EEPROM can also be complemented by other types of

memory, such as EPROM (for OTP functions) and Flash memory (for large scale program code storage).

March 1999 1/5
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Figure 1. ASM and Custom Devices Capabilities
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The full range of I/O protocols is available for ASM devices, including parallel access, 2-line serial bus ac-
cess, 3-line serial bus access, and RF contactless interface schemes (not only loyalty cards, transport tick-
ets, and contactless phonecards, but also in many different electronic tagging applications).

The versatility of ASM is a result of its great array of optional supporting features, as shown on the right
hand side of Figure 1. Many of these are already widely used in smartcard chips but they are equally ap-
plicable to non-volatile memories designed to be embedded in any other type of objects. This wide choice
of building blocks allows the customer to choose the optimum trade-off between the security mechanisms
employed and the cost of the ASM. This is essential because many ASM applications are extremely cost-
sensitive, and the target device costs can be as low as tens of cents in very high volumes.

The following examples illustrate some of the ways in which ASM technology is currently being applied to
improve security, to enhance functionality and to lower costs in all of the major equipment segments, in-
cluding the computer, telecommunications, consumer and automotive markets.

STANDARD ASMS

To illustrate how effective the concept is, consider the following ASMs. These have been developed for a
highly specific market that is more conventionally handled as part of the standard applications market.
For example, standard ASMs have been developed for a number of applications, including Plug & Play
monitors and DIMM memory modules that use the Serial Presence Detect (SPD) function.

Plug & Play peripherals contain an embedded non-volatile memory that holds information that allows the
host PC to identify the peripheral. Once the PC has identified the peripheral, it can configure its sub-
systems and select appropriate software drivers. ST offers a range of EEPROMs (ST24xy21) specifically
designed for use in Plug & Play monitors, where the standard access bus is the VESA Data Display Chan-
nel. The VESA specification requires the EEPROMs to have a standard 12C interface augmented by an
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additional VCLK input that is used to allow the PC to receive the display identification and operating pa-
rameter data.

The ST24xy21 devices are organized as 128 x 8-bits and are fully compatible with the VESA Data Display
Channel (DDC) standards, communicating both in DDC1 (Transmit Only) and DDC2B (I°C Bidirectional)
modes. These devices allow a direct connection between the PC host and the monitor using the standard
video cable and 15-pin VGA connector.

Although the ST24xy21 devices were developed from the first ST24L.C21 1 Kbit EEPROM, they include
specific enhancements, such as a Schmitt-Trigger input on the VCLK pin for better noise immunity, and a
higher power-on reset value of 3 V. The range includes devices with a write control input, on pin 3, to im-
prove data corruption rejection; and devices that offer full VESA 2.0 compatibility, including the error re-
covery mechanism that allows an automatic return to Transmit-Only mode in the event of invalid activity
on the 12C bus.

Another family of standard ASMs is illustrated by the M34C02, a serial EEPROM specifically designed to
enhance the reliability of the Serial Presence Detect (SPD) function in DIMM DRAM modules. In the JE-
DEC SPD standard, the specifications of the DRAM module, including information such as DRAM type,
speed, organization and manufacturer, is stored in an on-board non-volatile memory, and used by the PC
during system configuration. SPD is mandatory for all new 168-pin and 200-pin DRAM modules for PCs
and workstations and will also be used in DRAM Modules for new PC VGA cards.

The M34C02 offers a superior solution to the standard 2 Kbit I°C serial EEPROM. Because the SPD data
is critical to the reliability of the system, the EEPROM needs to be immune to both accidental data corrup-
tion and tampering by the user. Standard EEPROMs offer good security against accidental data corruption
but can obviously provide no protection against tampering as they are designed to support repeated
erase/program cycles. This problem is solved with the M34C02 by making the bottom half of the memory
array permanently lockable. This means that after programming the SPD data in the DIMM, the manufac-
turer can issue an irreversible command to write-protect the first 128 bytes of the memory area, still leaving
the upper half free for scratch-pad use.

Of course, an ASM specifically designed for one application may still be useful in others. For example, the
concept of software-lockable EEPROM has wider applications than DIMM modules and the M34C02 has
given rise to a range of devices offering this facility, including the M34Wxx devices, in which the user can
select the position (top or bottom of memory array) and size of the protected block.

TAMPER-PROOF COUNTING

There are many applications where it is necessary to keep an incorruptible count of the number of times
a particular event has occurred. Many photocopiers, for example, keep a count of the number of copies
made, and this information is often used to calculate rental or service charges or to investigate warranty
claims. For example, if the number of copies recorded is significantly greater than the number of copies
expected from a toner cartridge, this could indicate that the user has refilled the cartridge (perhaps with
an inferior toner) and this could, in turn, affect the warranty. Clearly, the end user should not be able to
modify the data stored in the photocopier’s non-volatile memory.

An application where tamper-proof counting is even more important is in the car odometer. The value of
a used car is greatly affected by its total mileage, and so the illegal practice of “turning back the clock” is
as old as the used car market. The M35080 is a new ASM developed to provide an ideal solution to this
problem. As shown in Figure 2, the M35080 is derived from the M95080, an 8 Kbit EEPROM with an SPI
interface. The main difference is the addition of comparators and control logic to govern the write opera-
tions in the first 32 bytes of the EEPROM array. This allows the write operation to proceed in this area only
if the new value for each 16-bit word is greater than the data already stored there. As a result, the first 32
bytes of the EEPROM array emulate an array of 16 unidirectional 16-bit counters.
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Figure 2. M35080 block diagram
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The particularly demanding requirements of this application would not have been met by the typical EE-
PROM endurance of 100K erase/write cycles and ten year data retention (both of which would have been
too low). The M35080, therefore, is built with ST’s high endurance double polysilicon CMOS technology.
For the M35080, one million erase/write cycles and a 40-year data retention are guaranteed over a tem-
perature range of -40 °C to +85 °C, ensuring that the odometer will function correctly throughout the life-
time of the car.

EMBEDDING ASMS IN OBJECTS

In the examples considered so far, the ASM is incorporated into equipment subsystems, but there is also
currently an enormous interest in embedding ASMs in objects. Often, the reason is to enhance the func-
tionality of the object, or to provide protection against cloning, misuse or similar undesirable activities.

A simple example of how ASMs can enhance the functionality of equipment is provided by the “smart” dig-
ital video cassette recorder (digital VCR). In a standard VCR, users often need to find a particular part of
the tape, such as the beginnings and ends of the recordings that have been strung together on a single
cassette tape. This can often involve frustrating and time-consuming winding and rewinding. Storing this
information in a non-volatile memory in the VCR would make the equipment more user-friendly (allowing
the machine to position the tape quickly at the required location) but would become invalid if the cassette
were changed.

The functionality of the VCR can be considerably enhanced by incorporating the memory in the cassette
rather than in the equipment. Because each cassette then carries its own data, cassettes can be removed
and the subsequently reloaded into the same machine or into a different machine, without losing any of
the stored information.

If the object does not normally contain a PCB, a means must be found for incorporating the ASM so that
it is electrically accessible, and in the form that can be engineered for minimum cost and space. For ex-
ample, for the VCR application, ST has developed memory modules that consist of a small PCB, on which
an EEPROM memory is mounted, and a Transil device to protect the memory against voltage transients
(encountered when the module is brought into electrical contact with the VCR).

The modules are electrically compatible with standard 12C EEPROMSs, such as the M24xxx series. The
PCB provides four contact pads for the Vg, ground, serial clock and serial data lines (as shown in Figure
3). Consequently, these modules are equally applicable to a wide range of other applications, and are cur-
rently shipping in large volumes.
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Figure 3. Memory-in-Cassette Module
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SMART CONSUMABLES
One of the most interesting classes of ASM applications involves embedding non volatile (NV) memories
in replacement parts or consumables. The motivation for doing this could be:

& for technical reasons, to ensure that only replacement parts meeting particular specifications are
accepted by the equipment. For example, in an inkjet printer, the use of inks that do not exactly match
the physical and chemical properties, for which the head was designed, may cause physical damage
to the print head.

a or for commercial reasons. For example, if an equipment manufacturer can be sure of being the sole
supplier of the equipment’s consumables, it would have the option of shifting some of its profit margin
to the consumables, thereby reducing the purchase price to give it a competitive marketing edge.

ASMs can provide an effective solution in either case. By embedding a low-cost ASM in the replacement
part, the equipment can be made to identify and authenticate the part, to determine whether or not it is
officially approved and to take an appropriate action. One of the major advantages of this approach is that
information stored in a memory chip is subject to the same copyright and trademark laws as information
published on paper, or in other ways. This means that while there may be no legal impediment to produc-
ing clone parts that are electrically and mechanically compatible with the official parts, the clone manufac-
turer will not be able to duplicate the entire contents of the ASM without breaking laws that protect
intellectual property.

In terms of the specific implementation, each “smart consumable” application has its own set of economic
and engineering parameters. Sometimes these are compatible with “standard” ASMs such as the MIC
modules, in which case the customer can use an off-the-shelf solution. In other cases, the best solution
may be a custom device developed in partnership with ST's ASM Business Unit, which brings together the
technical and marketing resources needed to develop solutions rapidly to problems that involve the com-
bination of non-volatile memory blocks and any other functions. As an example, the odometer application
described earlier took just six months to implement fully, from the first customer enquiry to the start of vol-
ume production.
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Serial EEPROM Compatible With Plug-and-Play
VESA Display Data Channel (Versions 1.0 and 2.0)

The ST products whose names are of the form ST24xy21 are Application Specific Memory devices (ASM).

As well as containing 1 Kb of EEPROM, organized as 128 x 8, they are fully compatible with the VESA

Data Display Channel (VDDC) modes, DDC1 and DDC2B. When installed in a Plug-and-Play PC display,

the device can work in DDC1 mode, using only a 2 wire bus, or in both DDC1 and DDC2B modes, using

a 3 wire bus.

= DDCH1: a unidirectional data channel from the display to the host PC, continuously transmitting
Extended Display Identification, EDID, information.

= DDC2B: a bidirectional data channel based on the [2C ™ protocol. The host PC can request Extended
Display Identification information, EDID, or Video Display Interface information, VDIF, over the DDC2B
channel. In addition to this, the DDC2B channel can act as a transparent channel for ACCESS.bus ™
communication, allowing the direct replacement to be made.

Table 1. Members of the ST24xy21 Family

: Write Control on VCLK (pin 7) Write Control on pin 3
Conformance to VDDC Version 2.0 ST24FC21 ST24FW21
Conformance to VDDC Version 1.0 ST24LC21B ST24LW21

Table 1 summarizes the ST24xy21 naming convention. Those products whose names are of the form
ST24Ly21 conform to version 1.0 of the VDDC specification. Those products whose names are of the form
ST24Fy21 conform to the more recent (March 1996) version 2.0. Those products whose hames are of the
form ST24xC21 use the VCLK line as the Write Control input, as described on page 7, and those of the
form ST24xW21 have a separate Write Control input. All ST24xy21 devices are available in 8-pin PDIP
and SO packages. Figure 1 summarizes the pin-out for PDIP.

Figure 1. ST24xy21 Pin Connections (PDIP)

ST24FC21 ST24FW21
Ncl1 ™ 8livee Neft1 BE]chc
NC[2 7 [1 VCLK/WC NC[2 7 [1VCLK
DU[3 6[1SCL wcp3 6[1SCL
Vssll4 5[1SDA Vssll4 5[] SDA
A102410 Ai02411
ST24L.C21B ST24LW21
Ne1 Y 8slivee Nehdt1 ~ 8fIvee
NC[2 7 vCLKWC NC[2 7[1VCLK
NC[j3 6[1sCL wcil3 6] sCL
Vssll4 5[] SDA Vssll4 5[1SDA
A102409 A102412
March 1999 1/13
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DEVICE DESCRIPTION .
The functionality of the ST24xy21 family greatly simplifies the design of the PC graphics board, and allows
a direct connection between the display and the host PC using a standard video cable. Each member of
the family has a standard 12C interface, including the SCL and SDA lines, and an additional clock input,
VCLK, as required by the V.D.D.C. specification. This additional clock input allows the host PC to receive,
from the display, all information required to configure the graphics board and the display’s software driver.
ST24xy21 serial communication runs at 400 kHz in both DDC1 and DDC2B modes, with a supply voltage
between 3.6 Vand 5.5 V.

Each member of the ST24xy21 family operates in the two modes of the VDDC specification. The “Transmit
Only” mode of the ST24xy21 corresponds to the “DDC1” mode of the VDDC, and the “2C Bidirectional”
mode corresponds to the “DDC2B” mode.

All members of the ST24xy21 family power-up in DDC1 mode. The device will switch to the DDC2B mode
upon the falling edge of the signal applied on SCL pin. Once in the DDC2B mode, the ST24LC21B and
ST24LW21 cannot switch back to the DDC1 mode, except by first removing the power supply. However,
the ST24FC21 and ST24FW21 enter a transition state after the falling edge of SCL, during which the de-
vice will switch back to the DDC1 mode if no valid I2C activity is observed.

DDC1: Transmit Only Mode

Figure 2 shows how, in the DDC1 mode, the ST24xy21 uses the VCLK input as a clock and the SDA line
for data output. The EEPROM data are clocked out on the rising edge of VCLK signal (pin 7). The SCL
input must be held high.

Figure 2. Summary of the Use of the ST24xy21 in the DCC1 Mode
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First, though, the device passes through an initial, internal, synchronization sequence, as depicted in
Figure 3. VCLK is given nine free clock cycles, during which the SDA pin is held in its high impedance
state. On the rising edge of the tenth VCLK pulse, the device starts to output, on the SDA line, the data
byte that is located at address 00h. This is transmitted serially, during the next nine clock cycles. The first
eight cycles are used for transmitting the data bits themselves, with the most significant bit first. During the
ninth cycle, the SDA line is held in its high impedance state. This last bit, therefore, is readable as a logic
‘1’ due to the pull-up resistor on the SDA line.

2113 L;I-
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Figure 3. Timing Diagram for the DDC1 Mode
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The internal address register is incremented automatically, and the data at the next location is transmitted
during the next nine clock periods. This cycle continues indefinitely, so long as the SCL line is held high,
with the address wrapping round from 7Fh (the 127th byte) back to 00h.

Unlike the DDC2B mode, the DDC1 mode does not provide for the issuing of instructions or commands
to the memory, and does not provide for the writing of data.

The detection of a logic ‘0’ for the ninth bit indicates that the memory has lost synchronization, and that
the data are no longer valid. It is then necessary to re-synchronize the communication by turning off the
power to the memory, and then back on again, or by checking the synchronization block of data written in
the ST24xy21 device.

3/13
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DDC2B: I°C Bidirectional Mode .

The I2C standard two-wire serial interface includes a bidirectional data line (SDA) and a serial clock (SCL),

as indicated in Figure 4. In addition, the whole ST24xxx and ST25xxx family offers a write control feature,

as described in Application Notes AN404 and AN1006. For the ST24xy21 family, this is appears as

described in the following list:

» When the ST24LC21B or ST24FC21 is in the DDC2B mode, the VCLK input (pin 7) acts as the write
enable/disable control.

— When VCLK = 1, write instructions are permitted

When VCLK = 0, write instructions are ignored.

® When the ST24LW21 or ST24FW21 is in the DDC2B mode, the Write Control input (WC), pin 3, acts
as the write enable/disable control.

— When WC = 1, write instructions are permitted

When WC = 0, write instructions are ignored.

Figure 4. Summary of the Use of the ST24xy21 in the DCC2B Mode
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The ST24xy21 is switched from the DDC1 mode to the DDC2B mode by taking the SCL pin low, as indi-

cated in Figure 5.

Figure 5. Timing for the Transition from DDC1 Mode to DDC2B Mode
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The ST24xy21 takes the role of the slave device in the 12C protocol, with all memory operations synchro-
nized by the serial clock, SCL. The VCLK input (pin 7) is ignored during read accesses, but for the
ST24FC21 and ST24LC21B, it has an effect on write accesses, as described on page 7.

Table 2 shows that all read and write operations are initiated by a START condition generated by the bus
master. The START condition is followed by a stream of 7 device select bits (transmitted with the most
significant bit first), plus one read/write bit, and is terminated by an acknowledge bit.

Table 2. Device Operations

_ ST24LC21B | ST24LW21
Mode R/Wbit | ST24FC21 | ST24FW21 Bytes Initial sequence
veLkwe? wc'!
Current address read 1 X X 1 START, device select, RW = 1
Random address read 0 X X 1 START, device select, RW =0,
address

1 X X reSTART, device select, RW = 1
Sequential read 1 X X 21 Similar to current or random read
Byte write 0 VIH VIH 1 START, device select, RW =0
Page write 0 VIH VIH 8 START, device select, RW =0

1. X =Don't Care = VIH or VIL

g
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Table 3 shows how the stream of 7 device select bits is composed of the 4 bit Device Select code (built-
in with the value 1010) followed by 3 Don’t Care bits (X indicating that the bit can be either ‘0’ or ‘1°).

Table 3. Device Select Code in the DDC2B Mode

Device code Chip enable RW
Bit b7 b6 b5 ba b3 b2 b1 b0
Device select 1 0 1 0 X X X RW

When the bus master writes data to the memory, the ST24xy21 responds to the eight received data bits
by asserting an acknowledge bit during the 9th bit time. When data is read by the bus master, it must ac-
knowledge the receipt of the data bytes in the same way. Data transfers are terminated with a STOP con-
dition (as described in descriptions of the READ and WRITE sequences in the ST24XY21 data sheet).

613 572
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CONTROL OF THE WRITE OPERATION

Hardware control of the write operation, using the WC input, is a useful facility for protecting the contents
of the memory from inadvertent erase/write cycles (in the DDC2B mode). Not only does the device ignore
the write operation if WC is not high at the start of the operation, but it aborts the operation if WC ceases
to be held high, perhaps because of a noise glitch on the WC line. That is, the device errs on the side of
safety, and protects itself against writing if there is any question as to the validity of the incoming data.

Table 4. Availability of the Write Control Input

ST24FC21 ST24FW21
ST24LC21B . ST24LW21
DDC2B, I2C Bidirectional Mode pin7 =WC pin 7 = Don’t Care
pin3=WC
DDC1, Transmit Only Mode pin 7 = VCLK pin 7 = VCLK
pin 3 = Don't Care

The availability of the WC input is summarized in Table 4. Writing is enabled when WC is held at VIH, and
disabled when it is held at VIL. Figure 6 shows the timing of the byte-write and page-write operations, and
shows how the level on the WC input must be taken high before commencing the START condition, and
must be held high until after the STOP condition has finished.

Figure 6. Timing Sequence of Write Operations (WC = 1)
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Write operations are ignored when WC is taken low, as depicted in Figure 7. However, the timing remains
the same, with nine clock cycles per data byte, including an acknowledge bit at the end of each.

Figure 7. Timing Sequence of Inhibited Write Operations (WC = 0)
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Because the device is designed to abort from a write operation if there is any question as to the validity of
the incoming data, it is recommended that the status of the write operation be checked at completion.

The algorithm in Figure 8 shows an algorithm in which a test is made at the start of the write operation, to
check that device has been correctly initiated. If the memory sends back the acknowledge after the first
loop, no write cycle is in progress. This means that either the write sequence was corrupted by glitches or
the signal applied on WC was not stable at VIH during the write sequence. This ACK polling algorithm
must be used just after the write sequence because the memory will not send back the acknowledge while
the internal write cycle is in progress.

g
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Figure 8. The ACK Polling Algorithm (to check that the write cycle has started correctly)
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ERROR RECOVERY MODES (AVAILABLE ON ST24FC21 AND ST24FW21)

When the ST24FC21 or ST24FW21 first switches to the DDC2B mode, it enters a transition state, as
shown in Figure 9.

If the device does not receive a valid I°C sequence, that is a START condition followed by a valid Device
Select code (1010XXX RW), within either 128 VCLK periods or a period of time of tRECOVERY (approx-
imately 2 seconds), the device will return to the DDC1 mode. Whenever there is a high to low transition
on the SCL input, the counter of the VCLK line and the tRECOVERY watchdog timer are both reset. If
more than 128 VCLK pulses or tRECOVERY elapses between successive high to low transitions of SCL,
the device returns to the DDC1 mode.

If, though, the device receives a valid 1C sequence, it locks itself in the DDC2B mode.

g
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Figure 9. Error Recovery Mechanism Flowchart (for the ST24FC21 and ST24FW21)
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TYPICAL APPLICATION SCHEMATIC

The ST24xy21 is used in a Plug-and-Play PC display to transmit all the display information needed by the
host PC in the DDC1 and DDC2B modes. In particular, during the PC boot-up and configuration process,
the system software interrogates the display as to its capabilities and operating parameters.

The physical specification for the connector, between the display and the host PC graphics controller, is
backward compatible to that of the standard 15-pin, VGA-type, connector. The pin-out of the VGA con-
nector is described in Table 5. This shows how the host PC and the display connections vary, depending
on the VDDC standard available in the host PC graphics controller.

Table 5. 15-pin VGA Connector Pin-out Description

Pin Standard VGA DDC1 host PC DDC2B host PC DDC1/2B display
1 Red video Red video Red video Red video
2 Green video Green video Green video Green video
3 Blue video Blue video Blue video Blue video
4 Display ID bit 2 Display 1D bit 2 Display ID bit 2 Optional
5 Test (ground) Return Return Return
6 Red video return Red video return Red video return Red video return
7 Green video return Green video return Green video return Green video return
8 Blue video return Blue video return Blue video return Blue video return
9 no connection 5V supply 5V supply 5 V supply
(mechanical key)
10 Sync return Sync return Sync return Sync return
1 Display ID bit 0 Display ID bit 0 Display ID bit 0 Optional
12 Display ID bit 1 Data from display Bidirectional data (SDA) | Bidirectional data (SDA)
13 Horizontal sync Horizontal sync Horizontal sync Horizontal sync
14 Vertical sync Vertical sync Vertical sync Vertical sync
(VCLK output) (VCLK output)
15 Display ID bit 3 Display ID bit 3 Data clock (SCL) Data clock (SCL)

According to Version 2.0 of the VESA Data Display Channel specification, the host PC graphics controller
board needs to provide a 2.2 kQ pull-up resistor on the bidirectional data line (SDA), and on the data clock
line (SCL), to ensure correct switching between the DDC1 and DDC2B modes. The display PCB board
also needs to provide a 47 kQ pull-up resistor on the data clock line (SCL).

%)
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Figure 10 depicts a typical PC display application schematic using a member of the ST24xy21 family. The
DDCH1 clock signal, VCLK, is connected to pin 14 of the VGA connector. The data clock line, SCL, used
for the DDC2B mode, is connected to pin 15 and the bi-directional data line, SDA, is connected to pin 12.

Figure 10. Schematic of a Typical PC Display Application
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For the VESA 2.0 specification, a +5V supply voltage generated by the host PC is available on the pin 9
of the VGA connector (used for the ACCESS.bus protocol). This +5 V supply voltage may be used to sup-
ply the Vec voltage of the ST24xy21. This allows a proper power-up sequence, driven only by the host PC.
If the host PC and the display are powered-on asynchronously, the first to come on will power the
ST24xy21 inside the display.

The SCL (the DDC2B clock) and SDA (data) pins of the ST24xy21 can be directly connected to the VGA
connector. An ESDA6V1 transil array may be used in order to improve the memory protection against
electrostatic discharge (ESD) and latch-up.

Diode protection is advisable on the signals that connect directly between the ST24xy21 and the external
VGA connector. However, it is not necessary to provide external protection against slow rise and fall times

or bounces, since the members of the ST24xy21 already contain TTL-compatible Schmitt-Triggers on
these inputs.
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POWER SUPPLY VOLTAGE IN THE VESA 2.0 SPECIFICATION

According to the VESA 2.0 specification, the ST24xy21 can be supplied by either the display or by the host
PC power supply (using the +5 V line, pin 9, on the VGA cable). The easiest way to implement this is to
use two diodes, as shown in Figure 10.

The ST24xy21 supply voltage is decreased by the diode forward voltage drop (about 0.6 V) and hence
below 4.5 V. Nevertheless, the ST24xy21 remains operational, and no input will be damaged if the applied
voltage on each input complies with the Absolute Maximum Ratings values. However, the threshold volt-
age of the Schmitt-Trigger (pin 7) needs to be decreased in this case (as described in the ST24xy27 data
sheet).

%)
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64 Kbit (8K x 8) Parallel EEPROM with Software Data Protection ............ 341
64 Kbit (8K x 8) Parallel EEPROM . . . ... ... . it 327
64 Kbit (BK x 8) Parallel EEPROM . . .. ..ottt it e e 327
2 Kbit Serial EEPROM for DIMM Serial Presence Detect ................... 519
8 Kbit Serial SP1 Bus EEPROM with Unidirectional Counters . ............... 537
Single Chip 2 Mbit Flash Memory and 64 Kbit Paraliel EEPROM ............. 405
Single Chip 4 Mbit Flash Memory and 256 Kbit Parallel EEPROM ............ 435
Single Chip 8 Mbit (1M x 8 or 512K x 16) Flash Memory

and 256 Kbit Parallel EEPROM . ... ... . ... .. . i 465
256 bit (x8/x16) Serial Microwire Bus EEPROM. . ... ....... .. .. ... ...... 249
1 Kbit (x8/x16) Serial Microwire BusEEPROM ........................... 249
2 Kbit (x8/x16) Serial Microwire Bus EEPROM . ............ ... ... ...... 249
4 Kbit (x8/x16) Serial Microwire BusEEPROM . ........ ... ... .. ... ...... 249
8 Kbit (x8/x16) Serial Microwire BusEEPROM . ......... ... ... ..., 249
16 Kbit (x8/x16) Serial Microwire Bus EEPROM ........ ... ... .. ... ...... 249
1 Kbit (x16) Serial Microwire Bus EEPROM with Block Write Protection........ 267
2 Kbit (x16) Serial Microwire Bus EEPROM with Block Write Protection..... ... 267
4 Kbit (x16) Serial Microwire Bus EEPROM with Block Write Protection. . ... ... 267

1 Kbit Serial SPI EEPROM with High Speed Clock and Positive Clock Strobe ... 115
2 Kbit Serial SPI EEPROM with High Speed Clock and Positive Clock Strobe ... 115
4 Kbit Serial SPI EEPROM with High Speed Clock and Positive Clock Strobe ... 115
8 Kbit Serial SPI EEPROM with High Speed Clock and Positive Clock Strobe ... 135
128 Kbit Serial SPI EEPROM with High Speed Clock and Positive Clock Strobe . 155
16 Kbit Serial SPI EEPROM with High Speed Clock and Positive Clock Strobe .. 135
256 Kbit Serial SPI EEPROM with High Speed Clock and Positive Clock Strobe . 155
32 Kbit Serial SPI EEPROM with High Speed Clock and Positive Clock Strobe .. 135
512 Kbit Serial SPI EEPROM with High Speed Clock and Positive Clock Strobe . 177
64 Kbit Serial SPI EEPROM with High Speed Clock and Positive Clock Strobe .. 135

4 Kbit Serial 12C Bus EEPROM with User-Defined Block Write Protection ...... 559
8 Kbit Serial I2C Bus EEPROM with User-Defined Block Write Protection ...... 575
16 Kbit Serial 12C Bus EEPROM with User-Defined Block Write Protection . . . .. 591
16 Kbit Serial I2C Bus EEPROM with Extended Addressing .. ............... 607
1 Kbit (x8) Dual Mode Serial EEPROM for VESAPlug &Play ............... 539
1 Kbit (x8) Dual Mode Serial EEPROM for VESAPlug &Play ............... 539
1 Kbit (x8) Dual Mode Serial EEPROM for VESAPlug&Play ............... 539
1 Kbit (x8) Dual Mode Serial EEPROM for VESA Plug &Play ............... 539
4 Kbit Serial 12C Bus EEPROM with User-Defined Block Write Protection ... ... 559
8 Kbit Serial 12C Bus EEPROM with User-Defined Block Write Protection ...... 575
16 Kbit Serial 12C Bus EEPROM with User-Defined Block Write Protection . . ... 591
1 Kbit (x8) Dual Mode Serial EEPROM for VESAPlug&Play ............... 539
4 Kbit Serial I2C Bus EEPROM with User-Defined Block Write Protection ... ... 559
8 Kbit Serial 12C Bus EEPROM with User-Defined Block Write Protection .. .... 575
16 Kbit Serial 12C Bus EEPROM with User-Defined Block Write Protection . . . . . 591
16 Kbit Serial 12C Bus EEPROM with Extended Addressing .. ............... 607
4 Kbit Serial 12C Bus EEPROM with User-Defined Block Write Protection ... ... 559
8 Kbit Serial I2C Bus EEPROM with User-Defined Block Write Protection ... ... 575
16 Kbit Serial 12C Bus EEPROM with User-Defined Block Write Protection . . ... 591
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ST95010
ST95020
ST95022
ST95040
ST95P08

EEPROM Memory Products

4/2/1 Kbit Serial SP| EEPROM with Positive Clock Strobe .................. 213
4/2/1 Kbit Serial SPI EEPROM with Positive Clock Strobe .................. 213
2 Kbit Serial SPI EEPROM with High Speed Clock .. .................c..... 197
4/2/1 Kbit Serial SPI EEPROM with Positive Clock Strobe .................. 213

8 Kbit Serial SPI EEPROM with Single Address Byte and Positive Clock Strobe . 231

For updated information on all ST products, please consult our pages on the world wide web: www.st.com
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SALES OFFICES

EUROPE

DENMARK

DK-2730 HERLEV

Gl. Klausdalsbrovej 491
Tel. }45-44) 94.85.33
Telefax: (45-44) 94.86.94

FINLAND

LOHJA SF-08150
Ratakatu, 26

Tel. ;358-19) 32821
Telefax. (358-19) 3155.66

FRANCE

94253 GENTILLY Cedex
7 - Avenue Gallieni - BP. 93
Tel.: (33-1) 47.40.75.75
Telefax: (33-1) 47.40.79.10
67000 STRASBOURG

20, Place des Halles

Tel. (33-3) 88.75.50.66
Telefax: (33-3) 88.22.29.32

GERMANY

D-85630 GRASBRUNN
Bretonischer Ring 4
Postfach 1122

Tel.: (49-89) 460060
Telefax: (49-89) 4605454
D-30916 ISERNHAGEN
Ernst-Grote-Strasse 23A
Tel. (49-511) 9027510
Telefax: (49-511) 9027555
D-90449 NURNBERG
Sudwestpark, 92

Tel.: (49-911) 670408-0
Telefax: (49-911) 670408-99
D-70499 STUTTGART 31
Mittlerer Pfad 2-4

Tel. (49-711) 13968-0
Telefax: (49-711) 8661427

ITALY

20090 ASSAGO (MI)

V.le Milanofiori - Strada 4 - Palazzo A4
Tel. (39) 0257546.1

Telefax: (39) 028250449

40033 CASALECCHIO DI RENO (BO)
Via R. Fucini, 12

Tel. (39) 051591914

Telefax: (39) 051591305

00161 ROMA

Via A. Torlonia, 15

Tel. (39) 064425941

Telefax: (39) 0685354438

THE NETHERLANDS
5652 AR EINDHOVEN
Meerenakkerweg 1

Tel.: (31-40) 2509600
Telefax: (31-40) 2528835

POLAND

WARSAW 00517

Ul. Marslzalkowska 82

Tel.: (0048-22) 622 0561
Telefax: (0048-22) 623 6437

SPAIN

E-08004 BARCELONA

Calle Gran Via Cortes Catalanes, 322
6" Floor, 2" Door

Tel. (34) 93 4251800

Telefax: (34) 93 4253674

E-28027 MADRID

Calle Albacete, 5

Tel. (34) 91 4051615

Telefax: (34) 91 4031134

SWEDEN

S-16421 KISTA
Borgarfjordsgatan, 13 - Box 1094
Tel.: (46-8) 58774400

Telefax: (46-8) 58774411

SWITZERLAND

1215 GENEVA 15

Route de Pré-Bois, 20
Tel. (41-22) 9292929
Telefax: (41-22) 9292900

UNITED KINGDOM and EIRE
MARLOW, BUCKS, SL71Y

Planar House, Parkway

Globe Park

Tel.: (44-1628) 890800

Telefax: (44-1628) 890391

Internet Address http://www.st.com




SALES OFFICES

AMERICAS

BRAZIL

05413 SAO PAULO

R. Henrique Schaumann 286-CJ03
Tel.: (55-11) 883-5455

Telefax : (55-11) 282-2367

CANADA

CALGARY, Alberta T1Y 5R8
2723 37th Ave., N.E., Suite 206
Tel.: (403) 291-4001

Telefax: (403) 291-3948
NEPEAN ONTARIO K2H 9C4
301 Moodie Dr., Suite 307

Tel.: (613) 829-9944

Telefax: (613) 829-8996
MISSISAUGA, Ontario L4V 1R9
5945 Airport Rd., Suite 362
Tel.: (905) 678-9800

Telefax: (905) 678-1799

MEXICO

01070 MEXICO DF
Insurgentes Sur# 2376-604
Col. Chimalistac, San Angel
Tel.: (525) 616 4801
Telefax: (525) 616 4872
44550 Guadalajara

2347 Av. Mariano Otero
Piso 5, of. "B"

Col. Verde Valle

Tel.: (52) 3-647 6081
Telefax: (52) 3-647 5231

U.S.A.

NORTH & SOUTH AMERICAN
MARKETING HEADQUARTERS
Lexington Corporate Center
10 Maguire Road

Building 1, 3rd Floor

Lexington, MA 02421

Tel.: (781) 861-2650

Telefax: (781) 861-2678

ALABAMA
Huntsville - Tel.: (256) 895-9544
Fax: (256) 895-9114
ARIZONA
Phoenix - Tel.: (602) 485-6100
Fax: (602) 485-6330
CALIFORNIA
AgouraHills - Tel.: (818) 865-6850
Fax: (818) 865-6861
Laguna Niguel - Tel.: (949) 347-0717
Fax:(949) 347-1224

San Jose - Tel.:(408) 452-8585°
Fax:(408) 452-1549

COLORADO

Longmont - Tel.:(303) 772-9729
Fax:(303) 772-0720

CONNECTICUT

Woodstock -  Tel.:(860) 928-7700
Fax:(860) 928-2722

FLORIDA

Boca Raton - Tel.: (561) 997-7233
Fax: (561) 997-7554
GEORGIA
Norcross - Tel.: (770) 449-4610
Fax: (770) 449-4609

IDAHO

Boise - Tel.: (208) 376-9151
Fax: (208) 376-9109

ILLINOIS

Schaumburg - Tel.: (847) 517-1890
Fax: (847) 517-1899

INDIANA

Indianapolis - Tel.: (317) 575-5520
Fax: (317) 575-8271

Kokomo - Tel.: (765) 455-3500
Fax: (765) 455-3400

MICHIGAN

Livonia - Tel.: (734) 953-1700
Fax: (734) 462-4071

MINNESOTA

Edina- Tel.: (612) 835-3500
Fax: (612) 835-3555

MISSOURI

Kansas City - Tel.:(816) 468-6868

Fax:(816) 468-6561

NEW JERSEY
Basking Ridge -  Tel. l908) 766-7401
Fax:(908) 766-7738
Voorhees - Tel.:(609) 772-6222
Fax:(609) 772-6037
NEW YORK
Fishkill - Tel.: (914) 896-2926
Fax: (914) 897-3734
NORTH CAROLINA
Cary - Tel.: (919) 469-1311
Fax: (919) 469-4515
OREGON
Corvalis - Tel.: (541) 754 8192

Fax: (541) 754 8262
Lake Oswego - Tel.: (503) 635-7635
Fax: (503) 635-7677
PENSYLVANIA
Bensalem - Tel.: (215) 638 2958
Fax: (215) 638 2986
TEXAS

Carroliton - Tel.: (972) 466-8445
Fax: (972) 466-8387
Houston - Tel.: (281) 376-9939
Fax: (281) 376-9948

UTAH
Midvale -  Tel.: (801) 256 3571
Fax: (801) 256 3578

ASIA / PACIFIC

AUSTRALIA

SYDNEY

Suite 3, Level 7, Otis House
43 Bridge Street

N.S.W. 2220 Hurtsville
Tel. (61-2) 9580 3811
Telefax: (61-2) 9580 6440
MELBOURNE

Suite 305

Level 3

3 Chester Street
Oakleigh Vic 3166

Tel. (61-3) 9568 1222
Telefax: (61-3) 9568 1999

CHINA (Liaison Offices)
BEIJING 100027 P.R.C.
Room 809, NCHK Manhattan Building,
6 Chanyangmen Beidajie,
Tel.: (86-10) 6554 4701
Telefax: (86-10) 6554 4705
SHANGHAI

Unit 1801, 18/F

Shui On Plaza

333 Huai Hai Zhong Road
Tel. (86-21) 5306 0898
Telefax: (86-21) 5306 0890
SHENZHEN 518048

52, Tao Hua Road

Futian Free Trade Zone
Tel. (86-755) 359 0950
Telefax: (86-755) 359 1155

HONG KONG

Special Administrative Region
16/F., Tower 1, The Gateway 1,
25 Canton Road,

Tsim Sha Tsui, Kowloon

Tel. (852) 2861 5700

Telefax: (852) 2861 5044

INDIA (Liaison Offices)
BANGALORE 560052
Diners Business Service
26 Cunningham Road
Tel. (91-80) 267 272
Telefax: (91-80) 261 133
NOIDA 201301

Liaison Office

Plot N. 2 & 3, Sector 16A
Institutional Area

Distt Ghaziabad UP

Tel. ;91-11) 9153 0965/8
Telefax: (91-11) 9154 1957

MALAYSIA

SELANGOR, PETALING JAYA 46050
Darul Ehsan

1205, Block A, Menara PJ

No 18, Jalan Persian Barat,

- Tel.: (60-3) 758 1189

Telefax: (60-3) 758 1179
PENANG 11900

Unit 9-A, Lower Level 5
Hotel Equatorial

1 Jalan Bukit Jambul
Tel. (60-4) 642 8291
Telefax: (60-4) 642 8284

KOREA

SEOUL

19th FI Kang Nam Building
1321-1 Seocho-dong, Seocho-Ku
Tel. (82-2) 3489-0114

Telefax: (82-2) 588-9030
TAEGU 701-023

18th Floor Youngnam Tower
111 Shinchun-3 Dong, Dong-Ku
Tel. (82-53) 756-9583

Telefax: (82-53) 756-4463

SINGAPORE

SINGAPORE 569508

28 Ang Mo Kio - Industrial Park 2
Tel. (65) 482 1411

Telefax: (65) 482 0240

TAIWAN

TAIPEI 106

20F, No. 207

Tun Hua South Road, Section 2
Tel. (886-2) 23788088

Telefax: (886-2) 23789188

THAILAND
BANGKOK 10110

Unit # 1315

54 Asoke Road
Sukhumvit 21

Tel.: (66-2) 260 7870
Telefax: (66-2) 260 7871

JAPAN

TOKYO 108

5 F Nisseki - Takanawa Blg. 2-18-10
Takanawa Minato-Ku

Tel. (81-3) 3280-4120

Telefax: (81-3) 3280-4131

OSAKA 532

14 F Shin-Osaka Second Mori Bldg.
3-5-36 Miyahara Yodogawa-Ku

Tel. (81-0) 6397-4130

Telefax: (81-0) 6397-4131

Internet Address http://www.st.com




EEPROM Memory Products

If you have any questions or suggestions concerning the matters raised in this document, please send
them to the following electronic mail addresses:
apps.eeprom@st.com (for application support)
ask.memory@st.com (for general enquiries)

Please remember to include your name, company, location, telephone number and fax number.

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 resuit from its use. No license is %ranted
by implication or otherwise under any patent or patent rights of STMicroelectronics. Specification mentioned in this publication are subject to
change without notice. This publication supersedes and replaces all information previously supplied. STMicroelectronics products are not
authorized for use as critical components in life support devices or systems without express written approval of STMicroelectronics, according

to modalities to be agreed upon.
© 1999 STMicroelectronics — All Rights Reserved
The ST lego, ZEROPOWER, TIMEKEEPER, CAPHAT, SNAPHAT are registered trademarks of STMicroelectronics.
Ali other names are the property of their respective owners.
STMicroelectronics GROUP OF COMPANIES

Australia - Brazil - Canada - China - France - Germany - Italy - Japan - Korea - Malaysia - Malta - Mexico - Morocco - The Netherlands -
Singapore - Spain - Sweden - Switzerland - Taiwan - Thailand - United Kingdom - U.S.A.

http://www.st.com
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