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M41ST87Y
MA41ST87W

5.0, 3.3, or 3.0V, 1280 bit (160 x 8) SECURE SERIAL RTC
and NVRAM SUPERVISOR with TAMPER DETECTION

FEATURES SUMMARY

5.0, 3.3, OR 3.0V OPERATING VOLTAGE
SERIAL INTERFACE SUPPORTS I2C BUS
(400kHz)

NVRAM SUPERVISOR FOR EXTERNAL
LPSRAM

2.5 TO 5.5V OSCILLATOR OPERATING
VOLTAGE

AUTOMATIC SWITCH-OVER and DESELECT
CIRCUITRY

CHOICE OF POWER-FAIL DESELECT
VOLTAGES

— M41ST87Y:

Vee = 4.75 10 5.5V;

THS Bit = '1": 4.50V < Vpgp < 4.75V

Vee = 4.5 10 5.5V:

THS Bit = '0": 4.20V < Vpgp < 4.50V
— M41ST87W:

Vce = 3.0 t0 3.6V;

THS Bit = '1": 2.8V < Vppp < 3.0V

Vee = 2.7 10 3.6V:

THS Bit = '0": 2.55V < Vppp < 2.70V
TWO INDEPENDENT POWER FAIL
COMPARATORS (1.25V REFERENCE)
COUNTERS FOR TENTHS/HUNDREDTHS
OF SECONDS, SECONDS, MINUTES,
HOURS, DAY, DATE, MONTH, YEAR, and
CENTURY
128 BYTES OF GENERAL PURPOSE RAM
PROGRAMMABLE ALARM and INTERRUPT
FUNCTION (VALID EVEN DURING BATTERY
BACK-UP MODE)
PROGRAMMABLE WATCHDOG TIMER
UNIQUE ELECTRONIC SERIAL NUMBER (8-
BYTE)
32kHz FREQUENCY OUTPUT AVAILABLE
UPON POWER-ON
MICROPROCESSOR POWER-ON RESET
BATTERY LOW FLAG
ULTRA-LOW BATTERY SUPPLY CURRENT
OF 500nA (TYP)

July 2003

SECURITY FEATURES

= TAMPER INDICATION CIRCUITS WITH
TIMESTAMP and RAM CLEAR

s LPSRAM CLEAR FUNCTION (TPcLR)

s PACKAGING INCLUDES A 28-LEAD,
EMBEDDED CRYSTAL SOIC

s OSCILLATOR STOP DETECTION

Figure 1. 28-pin (300mil) SOIC Package

EMBEDDED Crystal

SOX28 (MX)
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SUMMARY DESCRIPTION

The M41ST87Y/W Serial TIMEKEEPER®/Con-
troller SRAM is a low power 1280-bit, static CMOS
SRAM organized as 160 bytes by 8 bits. A built-in
32.768 kHz oscillator (internal crystal-controlled)
and 8 bytes of the SRAM (see Table 11, page 25)
are used for the clock/calendar function and are
configured in binary coded decimal (BCD) format.

An additional 11 bytes of RAM provide calibration,
status/control of Alarm, Watchdog, Tamper, and
Square Wave functions. 8 bytes of ROM and final-
ly 128 bytes of User RAM are also provided. Ad-
dresses and data are transferred serially via a two
line, bi-directional 1°C interface. The built-in ad-
dress register is incremented automatically after
each WRITE or READ data byte. The M41ST87Y/
W has a built-in power sense circuit which detects
power failures and automatically switches to the
battery supply when a power failure occurs. The
energy needed to sustain the SRAM and clock op-
erations can be supplied by a small lithium button-
cell supply when a power failure occurs.

Functions available to the user include a non-vol-
atile, time-of-day clock/calendar, Alarm interrupts,
Tamper Detection, Watchdog Timer, and pro-
grammable Square Wave output. Other features
include a Power-On Reset as well as two addition-
al debounced inputs (RSTIN1 and RSTIN2) which
can also generate an output Reset (RST). The

4/38

eight clock address locations contain the century,
year, month, date, day, hour, minute, second and
tenths/hundredths of a second in 24 hour BCD for-
mat. Corrections for 28, 29 (leap year), 30 and 31
day months are made automatically.

Security Features

Two fully independent Tamper Detection Inputs al-
low monitoring of multiple locations within the sys-
tem. Programmable bits provide both, “Normally
Open” and “Normally Closed” switch monitoring.
Time Stamping of the tamper event is automatical-
ly provided. There is also an option allowing data
stored in either internal memory (128 bytes), and/
or external memory to be cleared, protecting sen-
sitive information in the event tampering occurs.
By embedding the 32kHz crystal in the package,
the clock is completely isolated from external tam-
pering. An Oscillator Fail Bit (OF) is also provided
to ensure correct operation of the oscillator.

The M41ST87Y/W is supplied in a 28-pin, 300mil
SOIC package (MX) which includes an embedded
32kHz crystal.

The SOIC package is shipped in plastic anti-static
tubes or in Tape & Reel form.

The 300mil, embedded crystal SOIC requires only
a user-supplied battery to provide non-volatile op-
eration.

J
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Figure 2. Logic Diagram

Table 1. Signal Names

Vcc VBAT
scL — _
O— EcoN
SDA —
- O— RsTH
EX —d L 1
>— iroiout®d
RSTINI —Q )
—— sowirT®
RSTIN2 —Q  ma41sT87Y 555,
M41ST87W [° 1
WDl — )
O— PFO,?
PFl; —
— Vout
PFly ——
1
— Fa®
TPLN —
— TPCLR
TP2IN —
Vss
Al07023
Note: 1. Open drain output

2. Programmable output (Open drain or Full-CMOS)

Figure 3. 28-pin, 300mil SOIC (MX)

Connections

DU(l) | —
DU(l) | —
NC =

NC =

NC =

NC =
ﬁz  —
SQWI/FT
WDI ]
RSTIN1
RSTIN2
ﬁl  —
PFlo
Vgs

28
27
26
25
24
23

M41ST87Y 22
M41ST87W 21
20

19
18
12 17
13 16
14 15

noooxlovm.bwl\)@

[
= o

—1Vce
—IEX
—1 IRQ/OUT
— VouT
— TP2|N
—1 PFly
—1 SCL
—1 F32k
— TP1N
—RST
1 TPCLR
—1 SDA
1 ECON
1 VBAT

Al07025

Econ Conditioned Chip Enable Output

EX External Chip Enable

RgiouT® | Imerupyout Output

PFl1 Power Fail Input 1

PFl2 Power Fail Input 2

PFO;@ Power Fail Output 1

PFO,@ Power Fail Output 2

RSTD Reset Output (Open Drain)

RSTIN1 Reset 1 Input

RSTIN2 Reset 2 Input

SCL Serial Clock Input

SDA Serial Data Input/Output

SQW/FT(Z) ?g:tare Wave Output/Frequency

WDI Watchdog Input

Vce Supply Voltage

Vout Voltage Output

Vss Ground

Fan 32kHz ngare Wave Output
(Open drain)

TP1N Tamper Pin 1 Input

TP2INn Tamper Pin 2 Input

TPcLR Tamper Pin RAM Clear

VBAT Positive Battery Pin Input

pu® Don’t Use Pin

NC No Connect

Note: 1. Must be connected to Vcc or Vss.

573

Note: 1. Open drain output
2. Programmable output (Open drain or Full-CMOS)
3. Must be connected to Vcc or Vss.

5/38




M41ST87Y, M41ST87W

Figure 4. Block Diagram

REAL TIME CLOCK

CALENDAR
128 BYTES
oA > USER RAM
12c P R 8 BYTES ROM
INTERFACE [* T rre wALARM [OFIE
Wi
SCL————— & CALIBRATION |AFE o .
| WDS — )
» WATCHDOG 1> IRQ/OUT
Crystal £ 32KHz > ¢’
OSCILLATOR SQUARE WAVE > SOW/FT®
LR TIEy
Vout ~] [~ T
WDI —° TAMPER ° > TPcir
| TPX)y . — e _l_
SL Vee L1 L Vout
I LI
= > Fop
VBAT -
> BL
VaL COMPARE
—BL
Ve, | COMPARE
— —_—
Veep COMPARE — POR
(1)
RSTINL — RST
RSTIN2 —
Y

EX ﬂ )° > Econ
PFl, > > BEC 2
COMPARE '_:l:)’ > PFO,®

1.25v >
(Internal)

PFI, > > PFO,?
COMPARE

1.25Vv >
(Internal)

Al07026

Note: 1. Open drain output.
2. Programmable output (Open drain or Full-CMOS); if open drain option is selected and if pulled-up to supply other than V cc, this
supply must be equal to, or less than 3.0V when Vcc = 0OV (during battery back-up mode).

J
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Figure 5. Hardware Hookup

_>|
R1

| |

]R3 Reset

Inhibit
Unregulated >
Voltage VIN  Vce -
5V
Regulator —
R —
Inhibit [
ViIN  Vcc
3.3V
Regulator
—>
For monitoring
of additional _ )
voltage sources
Pushbutton —I

; ,
ol :

M41STS7Y/W
Vee TPCLR
TPLN Vout
P2y Econ
EX
scL
WDI SDA
RSTINL RST
RSTIN2 SQWIFT

PFO4
PFl1 PFO,
PFl, e
IRQ/OUT
Vss Q
VBAT F32k

Inverting
Charge
Pump
r IN  OUT Negative Output
SHDN ELXVIN)
J CAP+ CAP-
 S—T—
» Ve
> E
Low-Power
SRAM
——>

—— TORST
> To LED Display
— To NMI
—>

—— ToINT

——> To 32kHz

Al07027

Re ling
L
MAXIMUM RATING

Stressing the device above the rating listed in the
“Absolute Maximum Ratings” table may cause
permanent damage to the device. These are
stress ratings only and operation of the device at
these or any other conditions above those indicat-
ed in the Operating sections of this specification is

Table 2. Absolute Maximum Ratings

not implied. Exposure to Absolute Maximum Rat-
ing conditions for extended periods may affect de-
vice reliability. Refer also to the
STMicroelectronics SURE Program and other rel-
evant quality documents.

Symbol Parameter Value Unit
TsTtG Storage Temperature (Vcc Off, Oscillator Off) —-551t0 125 °C
Tsip @ Lead Solder Temperature for 10 seconds 230 °C
Vio Input or Output Voltage -0.3to Vcc+0.3
M41ST87Y -0.3t0 7.0
Vcc Supply Voltage
M41ST87W -0.3t0 4.6 \%
lo Output Current 20 mA
Pp Power Dissipation 1 W

Note: 1. Reflow at peak temperature of 215°C to 225°C for < 60 seconds (total thermal budget not to exceed 180°C for between 90 to 120

seconds).

CAUTION: Negative undershoots below —0.3V are not allowed on any pin while in the Battery Back-up mode.

573
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DC AND AC PARAMETERS

This section summarizes the operating and mea-
surement conditions, as well as the DC and AC
characteristics of the device. The parameters in
the following DC and AC Characteristic tables are
derived from tests performed under the Measure-

ment Conditions listed in the relevant tables. De-
signers should check that the operating conditions
in their projects match the measurement condi-
tions when using the quoted parameters.

Table 3. DC and AC Measurement Conditions

Parameter M41ST87Y M41ST87W
Vcce Supply Voltage 4.5t0 5.5V 2.7 to 3.6V
Ambient Operating Temperature —40 to 85°C —40 to 85°C
Load Capacitance (Cr) 100pF 50pF
Input Rise and Fall Times < 50ns < 50ns
Input Pulse Voltages 0.2t0 0.8Vcc 0.2t0 0.8Vcc
Input and Output Timing Ref. Voltages 0.3t0 0.7Vcc 0.3t0 0.7Vcc
Note: Output High Z is defined as the point where data is no longer driven.
Figure 6. AC Testing Input/Output Waveforms
0.8V
CC N\ frm e 0'7VCC
--------------------- 0.3V
0.2Vee ce
Al02568
Note: 50pF for M41ST87W.
Table 4. Capacitance
Symbol Parameter (1:2) Min Max Unit
CiNn Input Capacitance 7 pF
Cout® Output Capacitance 10 pF
tLp Low-pass filter input time constant (SDA and SCL) 50 ns

Note: 1. Effective capacitance measured with power supply at 5V. Sampled only, not 100% tested.
2. At 25°C, f = 1MHz.
3. Outputs are deselected.

J
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Table 5. DC Characteristics

Svm Parameter Conit (1) M41ST87Y M41ST87W Unit
I
Y Test Condition Min Typ Max Min Typ Max
Battery Current
IBAT(z) 0OSC ON Ta = 25°C, Ve = OV, 500 700 500 700 nA
Battery Current Vear =3V
0SC OFF 50 50 nA
Icca1 | Supply Current f = 400kHz 1.4 0.75 mA
Supply Current SCL, SDA =Vcc -
lcc2 | (standby) 0.3V 1 050 | mA
Input Leakage < <
L@ [eurent 0V'<Vin <Vee 1 1| pA
LI
Input Leakage _ _
Current (PFI) 25 2 25 25 2 25 nA
Output Leakage
) < VN <
Lo Current OV<=ViNsVce +1 *1 HA
V Current
loun® | A&Lg/e)” Vour1 > Vee - 0.3V 175 100 | mA
Vour Current > _
lout2 (Battery Back-up) Vout2 > Vear — 0.3V 100 100 HA
+ +
ViH | Input High Voltage 0.7Vcc vee 0.7Vcc vee \
0.3 0.3
Vi Input Low Voltage -0.3 0.3Vcc || -0.3 0.3Vcec | Vv
Vear | Battery Voltage 25 3.0 3.56) 25 3.0 3.56) \%
Vo | Output High Voltage lon =-1.0mA 2.4 2.4 \
V Battery Back-
Vore® UF‘)’)H ( y louTt2 = —1.0pA 25 29 | 350 25 29 | 3506 | v
Output Low Voltage loL = 3.0mA 0.4 0.4 \%
VoL | Output Low Voltage
PO o loL = 10mA 0.4 04 | v
(Open Drain)
. THS Bit=0 4.20 4.35 4.50 2.55 2.62 2.70 \%
Vprp | Power Fail Deselect -
THSBit=1 4.50 4.60 4.75 2.80 2.88 3.00 \%
Vce =5V(Y)
PFI Input Threshold 1.225 | 1.250 1.275 1.225 [1.250 (| 1.275 \%
Veri P Vee = 3V(W)
PFI Hysteresis PFI Rising 20 70 20 70 mV
Vce =5V(Y)
PFI Input Threshold 1.225 | 1.250 1.275 1.225 [1.250 (| 1.275 \%
VPpEI2 P Vce = 3V(W)
PFI Hysteresis PFI Rising 20 70 20 70 mV
Battery Back-up
Vso Switchover 2.5 2.5 Vv
Switch Resistance
Rsw on Tamper Pin 500 500 Q
Note: 1. Valid for Ambient Operating Temperature: Ta = —40 to 85°C; Vcc =4.5t0 5.5V or 2.7 to 3.6V (except where noted).
2. Measured with Voyut and Econ open. Not including Tamper Detection Current (see Table 8, page 18).
3. RSTIN1 and RSTIN2 internally pulled-up to Vcc through 100KQ resistor. WDI internally pulled-down to Vss through 100KQ resistor.
4. Outputs Deselected.
5. External SRAM must match RTC SUPERVISOR chip Vcc specification.
6. For rechargeable back-up, Veat (max) may be considered Vcc.
7. For PFO; and PFO3 (if PFOD ='0"), SQW/FT (if SQWOD ='0"), and TP¢_r pins (CMOS).
8. Conditioned output (Econ) can only sustain CMOS leakage current in the battery back-up mode. Higher leakage currents will re-

duce battery life.
9. For IRQ/OUT, SQW/FT (if SQWOD = '1), PFO3 and PFO (if PFOD = '1'), RST, SDA, and F32 pins (Open Drain).

4
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OPERATING MODES

The M41ST87Y/W clock operates as a slave de-
vice on the serial bus. Access is obtained by im-
plementing a start condition followed by the
correct slave address (DOh). The 160 bytes con-
tained in the device can then be accessed sequen-
tially in the following order:

00h. Tenths/Hundredths of a Second Regis-
ter

01h. Seconds Register

02h. Minutes Register

03h. Century/Hours Register

04h. Day Register

05h. Date Register

06h. Month Register

07h. Year Register

08h. Control Register

09h. Watchdog Register

0Ah-OEh. Alarm Registers

OFh. Flag Register

10h-12h. Reserved

13h. Square Wave

14h. Tamper Register 1

15h. Tamper Register 2

16h-1Dh. Serial Number (8 bytes)

1Eh-1Fh. Reserved (2 bytes)

20h-9Fh. User RAM (128 bytes)

The M41ST87Y/W clock continually monitors Vcc
for an out-of-tolerance condition. Should Vcc fall
below Vpgp, the device terminates an access in
progress and resets the device address counter.
Inputs to the device will not be recognized at this
time to prevent erroneous data from being written

10/38

to the device from a an out-of-tolerance system.
When Vcc falls below Vs, the device automati-
cally switches over to the battery and powers
down into an ultra low current mode of operation to
conserve battery life. As system power returns and
Vcc rises above Vgp, the battery is disconnected,
and the power supply is switched to external Vcc.

Write protection continues until Vcc reaches
Vpep(min) plus trec(min).

For more information on Battery Storage Life refer
to Application Note AN1012.

2-Wire Bus Characteristics

The bus is intended for communication between
different ICs. It consists of two lines: a bi-direction-
al data signal (SDA) and a clock signal (SCL).
Both the SDA and SCL lines must be connected to
a positive supply voltage via a pull-up resistor.
The following protocol has been defined:

— Data transfer may be initiated only when the bus
is not busy.

— During data transfer, the data line must remain
stable whenever the clock line is High.

— Changes in the data line, while the clock line is
High, will be interpreted as control signals.

Accordingly, the following bus conditions have
been defined:

Bus not busy. Both data and clock lines remain
High.

Start data transfer. A change in the state of the
data line, from High to Low, while the clock is High,
defines the START condition.

Stop data transfer. A change in the state of the
data line, from Low to High, while the clock is High,
defines the STOP condition.

J
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Data Valid. The state of the data line represents
valid data when after a start condition, the data line
is stable for the duration of the high period of the
clock signal. The data on the line may be changed
during the Low period of the clock signal. There is
one clock pulse per bit of data.

Each data transfer is initiated with a start condition
and terminated with a stop condition. The number
of data bytes transferred between the start and
stop conditions is not limited. The information is
transmitted byte-wide and each receiver acknowl-
edges with a ninth bit.

By definition a device that gives out a message is
called “transmitter,” the receiving device that gets
the message is called “receiver.” The device that
controls the message is called “master.” The de-
vices that are controlled by the master are called
“slaves.”

Figure 7. Serial Bus Data Transfer Sequence

Acknowledge. Each byte of eight bits is followed
by one Acknowledge Bit. This Acknowledge Bit is
a low level put on the bus by the receiver whereas
the master generates an extra acknowledge relat-
ed clock pulse. A slave receiver which is ad-
dressed is obliged to generate an acknowledge
after the reception of each byte that has been
clocked out of the slave transmitter.

The device that acknowledges has to pull down
the SDA line during the acknowledge clock pulse
in such away that the SDA line is a stable Low dur-
ing the High period of the acknowledge related
clock pulse. Of course, setup and hold times must
be taken into account. A master receiver must sig-
nal an end of data to the slave transmitter by not
generating an acknowledge on the last byte that
has been clocked out of the slave. In this case the
transmitter must leave the data line High to enable
the master to generate the STOP condition.

DATA LINE
STABLE
DATA VALID

CLOCK

DATA

—

____j______

START
CONDITION

CHANGE OF
DATA ALLOWED

|~

STOP
CONDITION

AlO0587

Figure 8. Acknowledgement Sequence

START

SCL FROM
MASTER

CLOCK PULSE FOR
ACKNOWLEDGEMENT

DATA OUTPUT T\ / X
BY TRANSMITTER MSB

X: LSB

DATA OUTPUT
BY RECEIVER

.

AlO0601
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Figure 9. WRITE Cycle Timing: RTC & External SRAM Control Signals

tEXPD

tEXPD

Econ

Al03663

Figure 10. Bus Timing Requirements Sequence

o N/ | C—

tBUFi < # «—>t tHD:STA 4 > tHD:STA

L | Rt F e | i

se. i N | S AT

SO Tl supar  siletsusta - 4 1sU:STO
P (S; NPT HOW R tHD:DAT SR] P
AlO0589
Table 6. AC Characteristics
Symbol Parameter (¥ Min Max Unit
fscL SCL Clock Frequency 0 400 kHz
tBUF Time the bus must be free before a new transmission can start 1.3 Hs
texpp EX to Econ Propagation Delay Ma1ST8TY 10 ns
M41ST87W 15 ns
tr SDA and SCL Fall Time 300 ns
thooar® | Data Hold Time 0 us
tHD:STA START _Condi_tion Holpl Time _ 600 ns
(after this period the first clock pulse is generated)
tHIGH Clock High Period 600 ns
tLow Clock Low Period 1.3 Hs
trR SDA and SCL Rise Time 300 ns
tsu:DAT Data Setup Time 100 ns
tSU-STA START Condition Setup Time y 600 ns
(only relevant for a repeated start condition)

tsu:sto STOP Condition Setup Time 600 ns

Note: 1. Valid for Ambient Operating Temperature: Ta = —40 to 85°C; Vcc =4.5t0 5.5V or 2.7 to 3.6V (except where noted).
2. Transmitter must internally provide a hold time to bridge the undefined region (300ns max) of the falling edge of SCL.

12/38
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READ Mode

In this mode the master reads the M41ST87Y/W
slave after setting the slave address (see Figure
11, page 13). Following the WRITE Mode Control
Bit (R/W=0) and the Acknowledge Bit, the word
address 'An' is written to the on-chip address
pointer. Next the START condition and slave ad-
dress are repeated followed by the READ Mode
Control Bit (R/W=1). At this point the master trans-
mitter becomes the master receiver.

The data byte which was addressed will be trans-
mitted and the master receiver will send an Ac-
knowledge Bit to the slave transmitter. The
address pointer is only incremented on reception
of an Acknowledge Clock. The M41ST87Y/W
slave transmitter will now place the data byte at
address An+1 on the bus, the master receiver
reads and acknowledges the new byte and the ad-
dress pointer is incremented to An+2.

Figure 11. Slave Address Location

This cycle of reading consecutive addresses will
continue until the master receiver sends a STOP
condition to the slave transmitter (see Figure 12,
page 13).

The system-to-user transfer of clock data will be
halted whenever the address being read is a clock
address (00h to 07h). The update will resume ei-
ther due to a Stop Condition or when the pointer
increments to a non-clock or RAM address.

Note: This is true both in READ Mode and WRITE
Mode.

An alternate READ Mode may also be implement-
ed whereby the master reads the M41ST87Y/W
slave without first writing to the (volatile) address
pointer. The first address that is read is the last
one stored in the pointer (see Figure 13, page 14).

STOP

ITTTTTTI
DATA n+X P
L1111

NO ACK

START SLAVE ADDRESS A
‘m \
/2 @
[ef2]ofs]ofo]o]
Al00602
Figure 12. READ Mode Sequence
= =
o e
BUS ACTIVITY: Iz = Iz
MASTER n x n o
ITTTTTTI I ITTTTTTI ITTTTTTI
WORD - - —
SDA LINE s ADDRESS (an)| [ DATAN DATA n+1
I I O 11 111111 111111
S . 5 L % %
BUS ACTIVITY: : P 9 Qi | g Q Q
| SLAVE | | SLAVE !
" ADDRESS " ADDRESS
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Figure 13. Alternate READ Mode Sequence

& a
BUS ACTIVITY: 12 S
MASTER n @ n
TTTTTTI ITTTTTT ITTTTTT
SDA LINE S DATA n DATA n+1 DATAN+X | [P
ettt HENEEN
BUS ACTIVITY: P S S 5 5 5
' = < b D¢ b3
i i &}
i SLAVE z
' ADDRESS '
Al00895
WRITE Mode

In this mode the master transmitter transmits to
the M41ST87Y/W slave receiver. Bus protocol is
shown in Figure 14, page 14. Following the
START condition and slave address, a logic '0' (R/
W=0) is placed on the bus and indicates to the ad-
dressed device that word address An will follow
and is to be written to the on-chip address pointer.
The data word to be written to the memory is

Figure 14. WRITE Mode Sequence

strobed in next and the internal address pointer is
incremented to the next memory location within
the RAM on the reception of an acknowledge
clock. The M41ST87Y/W slave receiver will send
an acknowledge clock to the master transmitter af-
ter it has received the slave address (see Figure
11, page 13) and again after it has received the
word address and each data byte.

i a
BUS ACTIVITY: & Iz e
MASTER n o n
ITTTTTTI ITTTTTTI ITTTTTTI CTTTTTI
WORD
SDA LINE s ADDRESS (An) DATA n DATA n+1 DATA n+X P
HEEEEEEENEN HNENEN HNENEN NMEEEEN
BUS ACTIVITY: 5 5 5 5 S
' , V< < < < <
i SLAVE .
' ADDRESS ' AI00591
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Data Retention Mode

With valid Vcc applied, the M41ST87Y/W can be
accessed as described above with READ or
WRITE Cycles. Should the supply voltage decay,
the M41ST87Y/W will automatically deselect,
write protecting itself (and any external SRAM)
when Vcc falls between Vppp(max) and
Vpep(min). This is accomplished by internally in-
hibiting access to the clock registers. At this time,
the Reset pin (RST) is driven active and will re-
main active until Vcc returns to nominal levels. Ex-
ternal RAM access is inhibited in a similar manner
by forcing Econ to a high level. This level is within
0.2 volts of the VpaT. Econ Will remain at this level
as long as Vcc remains at an out-of-tolerance con-
dition. When V¢ falls below the Battery Back-up
Switchover Voltage (Vso), power input is switched
from the Vcc pin to the battery, and the clock reg-
isters and external SRAM are maintained from the
attached battery supply.

All outputs become high impedance. The VoyT pin
is capable of supplying 100pA (for M41ST87W) or
150pA (for M41ST87Y) of current to the attached
memory with less than 0.3 volts drop under this
condition. On power up, when Vcc returns to a
nominal value, write protection continues for trec
by inhibiting Econ. The RST signal also remains
active during this time (see Figure 22, page 23).

Note: Most low power SRAMs on the market to-
day can be used with the M41ST87Y/W RTC SU-
PERVISOR. There are, however some criteria
which should be used in making the final choice of
an SRAM to use. The SRAM must be designed in
a way where the chip enable input disables all oth-
er inputs to the SRAM. This allows inputs to the
M41ST87Y/W and SRAMs to be “Don’'t Care”
once Vcc falls below Vppp(min). The SRAM
should also guarantee data retention down to
Vcc=2.0 volts. The chip enable access time must
be sufficient to meet the system needs with the
chip enable output propagation delays included. If
the SRAM includes a second chip enable pin (E2),
this pin should be tied to Vour.

If data retention lifetime is a critical parameter for
the system, it is important to review the data reten-
tion current specifications for the particular
SRAMSs being evaluated. Most SRAMs specify a
data retention current at 3.0 volts. Manufacturers
generally specify a typical condition for room tem-
perature along with a worst case condition (gener-
ally at elevated temperatures). The system level
requirements will determine the choice of which
value to use. The data retention current value of
the SRAMs can then be added to the IgaT value of
the M41ST87Y/W to determine the total current re-
qguirements for data retention. The available bat-
tery capacity for the battery of your choice can

573

then be divided by this current to determine the
amount of data retention available.

For a further more detailed review of lifetime calcu-
lations, please see Application Note AN1012.

Tamper Detection Circuit

The M41ST87Y/W provides two independent in-
put pins, the Tamper Pin 1 Input (TP1;n) and
Tamper Pin 2 Input (TP2)N), which can be used to
monitor two separate signals which can result in
the associated setting of the Tamper Bits (TB1
and/or TB2, in Flag Register OFh) if the Tamper
Enable Bits (TEB1 and/or TEB2) are enabled, for
the respective Tamper 1 or Tamper 2. The TP1n
Pin or TP2|y Pin may be set to indicate a tamper
event has occurred by either 1) closing a switch to
ground or VouTt (Normally Open), or by 2) opening
a switch that was previously closed to ground or
VouTt (Normally Closed), depending on the state
of the TCMx Bits and the TPMx Bits in the Tamper
Register (14h and/or 15h).

Tamper Register Bits (Tamper 1 and Tamper 2)

Tamper Enable Bits (TEB1 and TEB2). When
set to a logic '1," this bit will enable the Tamper De-
tection Circuit. This bit must be set to '0' in order to
clear the associated Tamper Bits (TBx, in OFh).

Note: TEBx should be reset whenever the Tamper
Detect condition is modified.

Tamper Bits (TB1 and TB2). If the TEBx Bit is
set, and a tamper condition occurs, the TBx Bit will
be set to '1.' This bit is “Read-only” and is reset
only by setting the TEBx Bit to '0.' These bits are
located in the Flags Register OFh.

Tamper Interrupt Enable Bits (TIE1 and TIE2).

If this bit is set to a logic '1,' the IRQ/OUT pin will
be activated when a tamper event occurs. This
function is also valid in battery back-up if the ABE
Bit (Alarm in Battery Back-up) is also setto '1' (see
Figure 16, page 17).

Note: In order to avoid an inadvertent activation of
the IRQ/OUT pin due to a prior tamper event, the
Flag Register (OFh) should be read prior to reset-
ting the TEBx Bit.

Tamper Connect Mode Bit (TCM1 and TCM2).
This bit indicates whether the position of the exter-
nal switch selected by the user is in the Normally
Open (TCMx='1) or Normally Closed
(TCMx ='0") position (see Figure 15, page 16 and
Figure 17, page 17).

Tamper Polarity Mode Bits (TPM1 and TPM2).
The state of this bit indicates whether the Tamper
Pin Input will be taken high (to Vouyrt if TPMx = '1")
or low (to Vss if TPMx ='0") during a tamper event
(see Figure 15, page 16 and Figure 17, page 17).
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Figure 15. Tamper Detect Connection Options

NORMALLY
OPEN
(TCMy = 1)
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TCHI/TCLO = 0 i |rcriroro =1 TCHITCLO = 0
1MQ 10MQ ,

Al07075
Note: These options are connected to those in Table 7.
1. If the CLRXgxT Bit is set, a second Tamper to Voyut (TPM2 ='1") during tcir Will not be detected.
2. If the CLRXgxT Bit is set, a second Tamper to Vout (TPM2 = '1") will trigger automatically.
3. Optional external resistor to V¢ allows the user to bypass sampling when power is “on.”
Table 7. Tamper Detection Truth Table
Option Mode TCMx TPMyx
[ Normally Open/Tamper to GND) 1 0
I Normally Open/Tamper to Vout® 1 1
1] Normally Closed/Tamper to GND 0 0
\Y Normally Closed/Tamper to VouT 0 1

Note: 1. No battery current drawn during battery back-up.
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Figure 16. Tamper Detect Output Options

User
Configuration
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Figure 17. Basic Tamper Detect Options
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Tamper Detect Sampling (TDS1 and TDS2).

This bit selects between a 1Hz sampling rate or
constant monitoring of the Tamper Input Pin(s) to
detect a tamper event when the Normally Closed
switch mode is selected. This allows the user to re-
duce the current drain when the TEBx Bit is en-
abled while the device is in battery backup (see

[S72

Table 8, page 18 and Figure 18, page 19). Sam-
pling is disabled if the TCMx Bit is set to logic '1'
(Normally Open). In this case the state of the
TDSx Bit is a “Don’t care.”

Note: The crystal oscillator must be “On” for sam-
pling to be enabled.
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Tamper Current Hi/Tamper Current Lo (TCHI/
TCLO1 and TCHI/TCLO 2). This bit selects the
strength of the internal pull-up or pull-down used
during the sampling of the Normally Closed condi-
tion. The state of the TCHI/TCLOx Bit is a “Don’t
care” for Normally Open (TCMx = '1") mode (see
Figure 19, page 19).

RAM Clear (CLR1 and CLR2). When either of
these bits and the TEBx Bit are set to a logic '1,
the internal 128 bytes of user RAM (see Figure 16,
page 17) will be cleared to all zeros in the event of
a tamper condition. The 128 bytes of user RAM
will be deselected (invalid data will be read) until
the corresponding TEBx Bit is reset to '0.'

RAM Clear External (CLR1 gx7t and CLR2EgxT).
When either of these bits are set to a logic '1' and
the TEBx Bit is also set to logic '1,' the external
SRAM will be cleared and the RST output enabled
(see Figure 16, page 17 and Figure 21, page 21).

Note: The reset output resulting from a tamper
event will be the same as a reset resulting from a

power-down condition, a watchdog time-out, or a
manual reset (RSTIN1 or RSTIN2).

This is accomplished by forcing TPcLRr high, which
if used to control the inhibit pin of the DC regulator
(see Figure 21, page 21) will also switch off Vouyr,
depriving the external SRAM of power to the Vcc
pin. VouT will automatically be disconnected from
the battery if the tamper occurs during battery
back-up (see Figure 20, page 20). By inhibiting the
DC regulator, the user will also prevent other in-
puts from sourcing current to the external SRAM,
allowing it to retain data.

The user may optionally connect an inverting
charge pump to the V¢ pin of the external SRAM
(see Figure 21, page 21). Depending on the pro-
cess technology used for the manufacturing of the
external SRAM, clearing the memory may require
varying durations of negative potential on the V¢
pin. This device configuration will allow the user to
program the time needed for their particular appli-
cation. Control Bits CLRPWO0 and CLRPW1 deter-
mine the duration TPc r will be enabled (see
Figure 20, page 20 and Table 9, page 20).

Table 8. Tamper Detection Current (Normally Closed - TCM  x ='0")
TDSx TCHITCLOX Tamper Circuit Mode Current at 3.0V (typ) 4@ | Unit
0 0 Continuous Monitoring / 10MQ pull-up/-down 0.3 HA
1 Continuous Monitoring / IMQ pull-up/-down 3.0 MA
1 0 Sampling (1Hz) / 10MQ pull-up/-down 0.3 nA
1 1 Sampling (1Hz) / AMQ pull-up/-down 3.0 nA

Note: 1. When calculating battery lifetime, this current should be added to IgaT current listed in Table 5, page 9.

2. Per Tamper Detect Input
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Figure 18. Tamper Detect Sampling Options
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Figure 19. Tamper Current Options
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Figure 20. Tamper Output Timing (with CLR1

exT Of CLR2ExT = '1")

TPCLR __.:I._ {CLRD

! tCLR

RST . |

tREC

Vour — ] High-z(®

TRQ/OUTY |_|

= ] |
Econ |
TaMper
Event
(TB bit set)
Al07083
Note: 1. If TIEx="1.
2. If ABE ="1."
3. If the device is in battery back-up; NOT on Vcc (see RAM Clear External (CLR1gxT and CLR2gxT), page 18).
Table 9. Tamper Detect Timing
Symbol Parameter CLRPW1 [CLRPWO Min Typ Max Unit
tclro® | Tamper RAM Clear Ext Delay X X 1.0@ 1.5 2.0 ms
0 0 1 S
0 1 4 S
tcLr Tamper Clear Timing
1 0 8 S
1 1 16 S

Note: 1. With input capacitance = 70pF and resistance = 50Q.

2. If the OF Bit is set, tcLrp(min) = 0.5ms.
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Figure 21. RAM Clear Hardware Hookup
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Tamper Detection Operation

The Tamper Pins are triggered based on the state
of an external switch. Two switch mode options
are available, “Normally Open” or “Normally
Closed,” based on the setting of the Tamper Con-
nect Mode Bit (TCMy). If the selected switch mode
is Normally Open (TCMx ='1"), the Tamper Pin will
be triggered by being connected to Vss (if the
TPMy Bit is set to '0") or to Vcc (if the TPMx Bit is
set to '1"), through the closing of the external
switch. When the external switch is closed, the
Tamper Bit will be immediately set, allowing the
user to determine if the device has been physically
tampered with. If the selected switch mode is Nor-
mally Closed (TCMx ='0"), the Tamper Pin will be
triggered by being pulled to Vss or to Voyt (de-
pending on the state of the TPMy Bit), through an
internal pull-up/pull-down resistor as a result of
opening the external switch.

When a tamper event occurs, the Tamper Bits
(TB1 and/or TB2) will be immediately set if TEBx =
"

If the Tamper Interrupt Enable Bit (TIEx) is setto a
‘1, the IRQ/OUT pin will also be activated. The
IRQ/OUT outputis cleared by a READ of the Flags
Register (as seen in Figure 23, page 27), a reset
of the TIE Bit to '0,' or the RST output is enabled.

Note: In order to avoid an inadvertent activation of
the IRQ/OUT pin due to a prior tamper event, the
Flag Register (OFh) should be read prior to reset-
ting the TEBx Bit.

The Tamper Bits are “Read only” bits and are reset
only by writing the Tamper Enable Bit (TEBx) to '0.'

The Tamper Detect function operates both under
normal power, and in battery back-up. Even if the
trigger event occurs during a power-down condi-
tion, the bit will be set correctly.

Sampling

As the Switch Mode Normally Closed (TCMx ='0")
requires a greater amount of current to maintain
constant monitoring, the M41ST87Y/W offers a
programmable Tamper Detect Sampling Bit
(TDSx) to reduce the current drawn on Vcc or
VAT (see Figure 18, page 19). When enabled, the
sampling frequency is once per second (1Hz), for
approximately 1ms.

When TEBy is disabled, no current will be drawn
by the Tamper Detection Circuit. After a tamper
event has been detected, no additional current will
be drawn.
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Note: The oscillator must be running for Tamper
Detection to operate in the sampling mode. If the
oscillator is stopped, the Tamper Detection Circuit
will revert to constant monitoring.

Note: Sampling in the Tamper High Mode
(TPMx = '1") may be bypassed while on Vcc by
connecting the TPX|n pin to Vcc through an exter-
nal resistor. This will allow constant monitoring
when Ve is “On” and revert to sampling when in
battery back-up (see Figure 15, page 16).

Internal Tamper Pull-up/down Current

Depending on the capacitive and resistive loading
of the Tamper Pin Input (TPxn), the user may re-
quire more or less current from the internal pull-up/
down used when monitoring the Normally Closed
switch mode. The state of the Tamper Current Hi/
Tamper Current Low Bit (TCHI/TCLOx) deter-
mines_the sizing of the internal pull-up/-down.
TCHI/TCLOx = '1'_uses a 1MQ pull-up/-down re-
sistor, while TCHI/TCLOx = '0' uses a 10MQ pull-
up/-down resistor (see Figure 19, page 19).

Note: No additional, external capacitance is re-
quired on the Tamper Input pin.

Tamper Event Time-Stamp

Regardless of which tamper occurs first, not only
will the appropriate Tamper Bit be set, but the
event will also be automatically time-stamped.
This is accomplished by freezing the normal up-
date of the clock registers (00h through 07h) im-
mediately following a tamper event. Thus, when
tampering occurs, the user may first read the time
registers to determine exactly when the tamper
event occurred, then re-enable the clock update to
the current time (and reset the Tamper Bit, TBx) by
resetting the Tamper Enable Bit (TEB).

The time update will then resume and the clock
can be read to determine the current time. Both
Tamper Enable Bits (TEBx) must always be set to
'0"in order to read the current time.

In the event of multiple tampers, the Time-Stamp
will reflect the initial tamper event.

Note: If the TEBx Bit is set, the Tamper Event
Time-Stamp will take precedence over the Power
Down Time-Stamp (see Power Down Time-
Stamp, page 24) and the HT Bit (Halt Update) will
not be set during the power-down event. If both
are needed, the Power Down Time-Stamp may be
accomplished by writing the time into the General
Purpose RAM memory space when PFO is assert-
ed.
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Figure 22. Power Down/Up Mode AC Waveforms
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Table 10. Power Down/Up AC Characteristics
Symbol Parameter (V) Min Typ Max Unit
@ Vpep(max) to Vprp(min) Ve Fall Time 300 us
trg® Vpep(Min) to Vss Vee Fall Time 10 us
tPD EX at Vi before Power Down 0 Hs
tpFD PFI to PFO Propagation Delay 15 25 Hs
tr Vpgp(Min) to Vpep(max) Ve Rise Time 10 Hs
tRB Vss to Vprp(min) Ve Rise Time 1 Hs
tReC Power up Deselect Time 96 09g® ms

Note: 1. Valid for Ambient Operating Temperature: Ta = —40 to 85°C; Vcc =4.5t0 5.5V or 2.7 to 3.6V (except where noted).
2. Vprp(max) to Vpep(min) fall time of less than tg may result in deselection/write protection not occurring until
200us after Vcc passes Vpep(min).
3. Vpep(min) to Vss fall time of less than trg may cause corruption of RAM data.
4. Programmable (see Table 16, page 32)

4
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CLOCK OPERATION

The eight byte clock register (see Table 11, page
25) is used to both set the clock and to read the
date and time from the clock, in a binary coded
decimal format. Tenths/Hundredths of Seconds,
Seconds, Minutes, and Hours are contained within
the first four registers.

Note: A WRITE to any clock register will result in
the Tenths/Hundredths of Seconds being reset to
“00,” and Tenths/Hundredths of Seconds cannot
be written to any value other than “00.”

Bits D6 and D7 of Clock Register 03h (Century/
Hours Register) contain the CENTURY Bit 0 (CBO)
and CENTURY Bit 1 (CB1). Bits DO through D2 of
Register 04h contain the Day (day of week). Reg-
isters 05h, 06h, and 07h contain the Date (day of
month), Month, and Years. The ninth clock register
is the Control Register (this is described in the
Clock Calibration section). Bit D7 of Register 01h
contains the STOP Bit (ST). Setting this bitto a '’
will cause the oscillator to stop. If the device is ex-
pected to spend a significant amount of time on
the shelf, the oscillator may be stopped to reduce
current drain. When reset to a '0' the oscillator re-
starts within one second (typical).

The eight Clock Registers may be read one byte at
a time, or in a sequential block. The Control Reg-
ister (Address location 08h) may be accessed in-
dependently. Provision has been made to assure
that a clock update does not occur while any of the
eight clock addresses are being read. If a clock ad-
dress is being read, an update of the clock regis-
ters will be halted. This will prevent a transition of
data during the READ.
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Power Down Time-Stamp

Upon power-up following a power failure, the Halt
Update Bit (HT) will automatically be set to a '1.'
This will prevent the clock from updating the TIME-
KEEPER® registers, and will allow the user to read
the exact time of the power-down event. Resetting
the HT Bit to a '0' will allow the clock to update the
TIMEKEEPER registers with the current time.

Note: If the TEB Bit is set, the Power Down Time-
Stamp will be disabled, and the Tamper Event
Time-Stamp will take precedence (see Tamper
Event Time-Stamp on page 22).

TIMEKEEPER® Registers

The M41ST87Y/W offers 22 internal registers
which contain Clock, Control, Alarm, Watchdog,
Flag, Square Wave, and Tamper data. The Clock
registers are memory locations which contain ex-
ternal (user accessible) and internal copies of the
data (usually referred to as BIiPORT " TIMEKEEP-
ER cells). The external copies are independent of
internal functions except that they are updated pe-
riodically by the simultaneous transfer of the incre-
mented internal copy. The internal divider (or
clock) chain will be reset upon the completion of a
WRITE to any clock address (00h to 07h).

The system-to-user transfer of clock data will be
halted whenever the address being read is a clock
address (00h to 07h). The update will resume ei-
ther due to a Stop Condition or when the pointer
increments to a non-clock or RAM address.

TIMEKEEPER and Alarm Registers store data in
BCD format. Control, Watchdog and Square Wave
Registers store data in Binary Format.
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Table 11. TIMEKEEPER ® Register Map

Addr Data Function/Range
D7 | D6 | D5 D4 D3 D2 D1 DO BCD Format
00h 0.1 Seconds 0.01 Seconds Os00S | 00-09
01h ST 10 Seconds Seconds Seconds | 00-59
02h OFIE 10 Minutes Minutes Minutes | 00-59
03h CB1 CBO 10 Hours Hours (24 Hour Format) ngLlJrrsy/ 0%'_12/3
04h TR THS | CLRPW1 | CLRPWO | 32kE | Day of Week Day 01-7
05h PFOD 0 10 Date Date: Day of Month Date 01-31
06h 0 0 0o | 1oMm Month Month | 01-12
07h 10 Years Year Year 00-99
08h ouT FT S Calibration Control
0%h WDS BMB4 BMB3 BMB2 BMB1 BMBO RB1 RBO Watchdog
0Ah AFE SQWE ABE Al 10M Alarm Month Al Month | 01-12
0Bh RPT4 RPT5 Al 10 Date Alarm Date Al Date | 01-31
0Ch RPT3 HT Al 10 Hour Alarm Hour Al Hour | 00-23
0Dh RPT2 Alarm 10 Minutes Alarm Minutes Al Min 00-59
OEh RPT1 Alarm 10 Seconds Alarm Seconds Al Sec 00-59
OFh WDF AF 0 BL 0 OF TB1 TB2 Flags
10h 0 0 0 0 0 0 0 0 Reserved
11h 0 0 0 0 0 0 0 0 Reserved
12h 0 0 0 0 0 0 0 0 Reserved
13h RS3 RS2 RS1 RSO SQWOD 0 0 0 SQwW
14h TEB1 TIE1 TCM1 TPM1 TDS1 %/1 CLR1gxt | CLR1 | Tamperl
15h TEB2 TIE2 TCM2 TPM2 TDS2 %/2 CLR2gxt | CLR2 Tamper2
16h-1Dh ROM Nier’rz'g‘ér 8-Byte
1Eh-1Fh Reserved 2-Byte
20h-9Fh 12;;’:3“

Keys: 0 = Must be set to zero
32kE = 32kHz Output Enable Bit

ABE = Alarm in Battery Back-Up Mode Enable Bit

AF = Alarm flag (Read only)

AFE = Alarm Flag Enable Bit

BL = Battery Low Flag (Read only)
BMBO0-BMB4 = Watchdog Multiplier Bits
CBO0-CBL1 = Century Bits

CLR (1 and 2) = RAM Clear Bits

CLR (1 and 2)gxT = RAM Clear External Bits
CLRPWO = RAM Clear Pulse Width 0 Bit
CLRPW1 = RAM Clear Pulse Width 1 Bit
FT = Frequency Test Bit

HT = Halt Update Bit

OF = Oscillator Fail Bit

OFIE = Oscillator Fail Interrupt Enable Bit
OUT = Output level

PFOD = Power-fail Output Open Drain Bit

573

RBO0-RB1 = Watchdog Resolution Bits
RPT1-RPT5 = Alarm Repeat Mode Bits
RS0-RS3 = SQW Frequency

S = Sign Bit

SQWE = Square Wave Enable

SQWOD = Square Wave Open Drain Bit
ST = Stop Bit

TB (1 and 2) = Tamper Bits (Read only)

TCHI/TCLO (1 and 2) = Tamper Current Hi/Tamper Current
Low Bits

TCM (1 and 2) = Tamper Connect Mode Bits
TDS (1 and 2) = Tamper Detect Sampling Bits
TEB (1 and 2) = Tamper Enable Bits

THS = Threshold Bit

TIE (1 and 2) = Tamper Interrupt Enable Bits
TPM (1 and 2) = Tamper Polarity Mode Bits
TR =trec Bit

WDS = Watchdog Steering Bit

WDF = Watchdog flag (Read only)
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Calibrating the Clock

The M41ST87Y/W is driven by a quartz controlled
oscillator with a nominal frequency of 32,768 Hz.
The devices are tested not exceed +/-35 PPM
(parts per million) oscillator frequency error at
25°C, which equates to about +/-1.53 minutes per
month. When the Calibration circuit is properly em-
ployed, accuracy improves to better than +1/-2
ppm at 25°C.

The oscillation rate of crystals changes with tem-
perature (see Figure 26, page 34). Therefore, the
M41ST87Y/W design employs periodic counter
correction. The calibration circuit adds or subtracts
counts from the oscillator divider circuit at the di-
vide by 256 stage, as shown in Figure 27, page 34.
The number of times pulses which are blanked
(subtracted, negative calibration) or split (added,
positive calibration) depends upon the value load-
ed into the five Calibration Bits found in the Control
Register. Adding counts speeds the clock up, sub-
tracting counts slows the clock down.

The Calibration Bits occupy the five lower order
bits (D4-DO0) in the Control Register (08h). These
bits can be set to represent any value between 0
and 31 in binary form. Bit D5 is a Sign Bit; '1' indi-
cates positive calibration, '0' indicates negative
calibration. Calibration occurs within a 64 minute
cycle. The first 62 minutes in the cycle may, once
per minute, have one second either shortened by
128 or lengthened by 256 oscillator cycles. If a bi-
nary 'l' is loaded into the register, only the first 2
minutes in the 64 minute cycle will be modified; if
a binary 6 is loaded, the first 12 will be affected,
and so on.

Therefore, each calibration step has the effect of
adding 512 or subtracting 256 oscillator cycles for
every 125,829,120 actual oscillator cycles, that is
+4.068 or —2.034 PPM of adjustment per calibra-
tion step in the calibration register. Assuming that
the oscillator is running at exactly 32,768 Hz, each
of the 31 increments in the Calibration byte would
represent +10.7 or —5.35 seconds per month
which corresponds to a total range of +5.5 or-2.75
minutes per month.

Two methods are available for ascertaining how
much calibration a given M41ST87Y/W may re-
quire.

The first involves setting the clock, letting it run for
a month and comparing it to a known accurate ref-
erence and recording deviation over a fixed period
of time. Calibration values, including the number of
seconds lost or gained in a given period, can be
found in Application Note AN934, “TIMEKEEP-
ER® CALIBRATION.” This allows the designer to
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give the end user the ability to calibrate the clock
as the environment requires, even if the final prod-
uct is packaged in a non-user serviceable enclo-
sure. The designer could provide a simple utility
that accesses the Calibration byte.

The second approach is better suited to a manu-
facturing environment, and involves the use of the
SQWI/FT pin. The pin will toggle at 512Hz, when
the Stop Bit (ST) is '0,' the Frequency Test Bit (FT)
is'1," and SQWE is '0.'

Any deviation from 512 Hz indicates the degree
and direction of oscillator frequency shift at the test
temperature. For example, a reading of
512.010124 Hz would indicate a +20 PPM oscilla-
tor frequency error, requiring a —10 (XX001010) to
be loaded into the Calibration Byte for correction.
Note that setting or changing the Calibration Byte
does not affect the Frequency test output frequen-
cy.

If the SQWOD Bit="1,"' the SQW/FT pin is an open
drain output which requires a pull-up resistor to
Vcc for proper operation. A 500 to10k resistor is
recommended in order to control the rise time. The
FT Bit is cleared on power-down.

Setting Alarm Clock Registers

Address locations 0Ah-OEh contain the alarm set-
tings. The alarm can be configured to go off at a
prescribed time on a specific month, date, hour,
minute, or second, or repeat every year, month,
day, hour, minute, or second. It can also be pro-
grammed to go off while the M41ST87Y/W is in the
battery back-up to serve as a system wake-up call.

Bits RPT5—-RPT1 put the alarm in the repeat mode
of operation. Table 12, page 27 shows the possi-
ble configurations. Codes not listed in the table de-
fault to the once per second mode to quickly alert
the user of an incorrect alarm setting.

When the clock information matches the alarm
clock settings based on the match criteria defined
by RPT5-RPT1, the AF (Alarm Flag) is set. If AFE
(Alarm Flag Enabhle) is also set, the alarm condi-
tion activates the IRQ/OUT pin as shown in Figure
24, page 28. To disable alarm, write '0' to the
Alarm Date Register and to RPT5—-RPTL1.

Note: If the address pointer is allowed to incre-
ment to the Flag Register address, an alarm con-
dition will not cause the Interrupt/Flag to occur until
the address pointer is moved to a different ad-
dress. It should also be noted that if the last ad-
dress written is the “Alarm Seconds,” the address
pointer will increment to the Flag address, causing
this situation to occur.
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The IRQ/OUT output is cleared by a READ to the
Flags Register. A subsequent READ of the Flags
Register is necessary to see that the value of the
Alarm Flag has been reset to '0.’

The IRQ/OUT pin can also be activated in the bat-
tery back-up mode. The IRQ/OUT will go low if an
alarm occurs and both ABE (Alarm in Battery
Back-up Mode Enable) and AFE are set. The ABE

Figure 23. Alarm Interrupt Reset Waveform

and AFE Bits are reset during power-up, therefore
an alarm generated during power-up will only set
AF. The user can read the Flag Register at system
boot-up to determine if an alarm was generated
while the M41ST87Y/W was in the deselect mode
during power-up. Figure 24, page 28 illustrates the
back-up mode alarm timing.

OEh X OFh

10h

ACTIVE FLAG

IRQ/OUT

HIGH-Z

Al07086

Table 12. Alarm Repeat Modes

RPT5 RPT4 RPT3 RPT2 RPT1 Alarm Setting
1 1 1 1 1 Once per Second
1 1 1 1 0 Once per Minute
1 1 1 0 0 Once per Hour
1 1 0 0 0 Once per Day
1 0 0 0 0 Once per Month
0 0 0 0 0 Once per Year

4
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Figure 24. Back-Up Mode Alarm Waveform

ABE, AFE Bits in Interrupt Register

AF bit in Flags Register /

IRQ/OUT

<+——— HIGH-Z ———»

—— HIGH-Z —»

Al07087

Watchdog Timer

The watchdog timer can be used to detect an out-
of-control microprocessor. The user programs the
watchdog timer by setting the desired amount of
time-out into the Watchdog Register, address 09h.
Bits BMB4-BMBO store a binary multiplier and the
two lower order bits RB1-RBO select the resolu-
tion, where 00=1/16 second, 01=1/4 second, 10=1
second, and 11=4 seconds. The amount of time-
out is then determined to be the multiplication of
the five-bit multiplier value with the resolution. (For
example: writing 00001110 in the Watchdog Reg-
ister = 3*1 or 3 seconds).

Note: The accuracy of the timer is within + the se-
lected resolution.

If the processor does not reset the timer within the
specified period, the M41ST87Y/W sets the WDF
(Watchdog Flag) and generates a watchdog inter-
rupt or a microprocessor reset.

The most significant bit of the Watchdog Register
is the Watchdog Steering Bit (WDS). When set to
a '0," the watchdog will activate the IRQ/OUT pin
when timed-out. When WDS is set to a '1,' the
watchdog will output a negative pulse on the RST
pin for trec. The Watchdog register, FT, AFE, ABE
and SQWE Bits will reset to a '0' at the end of a
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Watchdog time-out when the WDS Bit is set to a
'R

The watchdog timer can be reset by two methods:
1) a transition (high-to-low or low-to-high) can be
applied to the Watchdog Input pin (WDI) or 2) the
microprocessor can perform a WRITE of the
Watchdog Register. The time-out period then
starts over.

Note: The WDI pin should be tied to Vss if not
used.

In order to perform a software reset of the watch-
dog timer, the original time-out period can be writ-
ten into the Watchdog Register, effectively
restarting the count-down cycle.

Should the watchdog timer time-out, and the WDS
Bit is programmed to output an interrupt, either a
transition of the WDI pin, or a value of 00h needs
to be written to the Watchdog Register in order to
clear the IRQ/OUT pin. This will also disable the
watchdog function until it is again programmed
correctly. A READ of the Flags Register will reset
the Watchdog Flag (Bit D7; Register OFh).

The watchdog function is automatically disabled
upon power-up and the Watchdog Register is
cleared.
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Square Wave Output

The M41ST87Y/W offers the user a programma-
ble square wave function which is output on the
SQWI/FT pin. RS3-RS0 bits located in 13h estab-
lish the square wave output frequency. These fre-
guencies are listed in Table 13. Once the selection
of the SQW frequency has been completed, the
SQWI/FT pin can be turned on and off under soft-
ware control with the Square Wave Enable Bit
(SQWE) located in Register OAh.

The SQWI/FT output is programmable as an N-
channel, open drain output driver, or a ful-CMOS

Table 13. Square Wave Output Frequency

output driver. By setting the Square Wave Open
Drain Bit (SQWOD) to a '1,' the output will be con-
figured as an open drain (with IoL as specified in
Table 5, page 9). When SQWOD is set to '0,' the
output will be configured as ful-CMOS (sink and
source current as specified in Table 5, page 9).

Note: When configured as open drain (SQWOD =

'1"), the SQWI/FT pin requires an external pull-up
resistor.

Square Wave Bits Square Wave

RS3 RS2 RS1 RSO Frequency Units
0 0 0 0 None -
0 0 0 1 32.768 kHz
0 0 1 0 8.192 kHz
0 0 1 1 4.096 kHz
0 1 0 0 2.048 kHz
0 1 0 1 1.024 kHz
0 1 1 0 512 Hz
0 1 1 1 256 Hz
1 0 0 0 128 Hz
1 0 0 1 64 Hz
1 0 1 0 32 Hz
1 0 1 1 16 Hz
1 1 0 0 8 Hz
1 1 0 1 4 Hz
1 1 1 0 2 Hz
1 1 1 1 1 Hz

Full-time 32kHz Square Wave Output

The M41ST87Y/W offers the user a special 32kHz
square wave function which defaults to output on
the F3ok pin (Pin 21) as long as Vcc 2 Vsp, and the
oscillator is running (ST Bit = '0"). This function is
available within one second (typ) of initial power-
up and can only be disabled by setting the 32kE

4

Bitto '0' or the ST Bitto '1." If not used, the F3k pin
should be disconnected and allowed to float.

Note: The F32k pin is an open drain which requires
an external pull-up resistor.
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Power-on Reset

The M41ST87Y/W continuously monitors Vcc.
When Vcc falls to the power fail detect trip point,
the RST pulls low (open drain) and remains low on
power-up for trec after Vcc passes Vpgp(max).
The RST pin is an open drain output and an appro-
priate pull-up resistor should be chosen to control
rise time.

Note: A Power-on Reset will result in resetting the
following control bits to '0": OFIE, AFE, ABE,
SQWE, FT, WDS, BMB0-BMB4, RBO, RB1, TIE1,
and TIE2 (see Table 17, page 33).

Figure 25. RSTIN1 & RSTIN2 Timing Waveforms

Reset Inputs (RSTIN1 & RSTIN2)

The M41ST87Y/W provides two independent in-
puts which can generate an output reset. The
function of these resets is identical to a reset gen-
erated by a power cycle. Table 14 and Figure 25
illustrate the AC reset characteristics of this func-
tion. Pulses shorter than tg1 and tr2 will not gener-
ate a reset condition. RSTIN1 and RSTIN2 are
each internally pulled up to Vcc through a 100kQ
resistor.

RSTINL
RSTINZ Jj/
tR2 _
=== —\_ Hi-Z Hi-Z
< »— tREC — tREC
Al07072
Table 14. Reset AC Characteristics
Symbol Parameter (1) Min Max Unit
try@ RSTINL Low to RST Low (min pulse width) 100 200 ns
tro®@ RSTIN2 Low to RSTIN2 High (min pulse width) 100 200 ns
trec® RSTIN1 or RSTIN2 High to RST High 96 98® ms

Note: 1. Valid for Ambient Operating Temperature: Ta = —40 to 85°C; Vcc =4.5t0 5.5V or 2.7 to 3.6V (except where noted).
2. Pulse widths of less than 100ns will result in no RESET (for noise immunity).
3. Programmable (see Table 16, page 32). Same function as Power-on Reset.
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Power-fail Comparators (1 and 2)

Two Power-Fail Inputs (PFl; and PFIly) are com-
pared to an internal reference voltage (1.25V). If
either PFly or PFly is less than the power-fail
threshold (Vpg)), the associated Power-Fail Output
(PFO1 or PFO») will go low. This function is intend-
ed for use as an under-voltage detector to signal a
failing power supply. Typically PFl1 and PFl, are
connected through external voltage dividers (see
Figure 5, page 7) to either the unregulated DC in-
put (if it is available) or the regulated output of the
Vcc regulator. The voltage divider can be set up
such that the voltage at PFl, or PFIl, falls below
Vprl several milliseconds before the regulated
Vcc inputto the M41ST87Y/W or the microproces-
sor drops below the minimum operating voltage.

During battery back-up, the power-fail comparator
turns off and PFO1 and PFO» go (or remain) low.
This occurs after Vcc drops below Vpgp(min).
When power returns, PFO1 and PFO> are forced
high, irrespective of Vpg, for the write protect time
(trec), which is the time from Vppp(max) until the
inputs are recognized. At the end of this time, the
power-fail comparator is enabled and PFO; and
PFO, follow PFl1 and PFl,. If the comparator is
unused, PFl1 or PFl2 should be connected to Vss
and the associated PFO1 or PFO2> left unconnect-
ed.

Power-fail Outputs

The PFO;. and PFO2 outputs are programmable
as N-channel, open drain output drivers, or full-
CMOS output drivers. By setting the Power-falil
Output Open Drain Bit (PFOD) to a '1," the output
will be configured as open drain (with I, as spec-
ified in Table 5, page 9). When PFOD is set to '0,'
the outputs will be configured as full-CMOS (sink
and source current as specified in Table 5, page
9).

Note: When configured as open drain (PFOD =
'1"), PFO1 and PFO2 will require an external pull-
up resistor.

Century Bits

These two bits will increment in a binary fashion at
the turn of the century, and handle leap years cor-
rectly. See Table 15, page 32 for additional expla-
nation.

Output Driver Pin

When the TIE Bit, OFIE Bit, AFE Bit, and watch-
dog_reqister are not set to generate an interrupt,
the IRQ/OUT pin becomes an output driver that re-
flects the contents of D7 of the Control Register. In
other words, when D7 (OUT Bit) is a '0,' then the
IRQ/OUT pin will be driven low. With the ABE Bit

4

setto 'l the OUT pin will continue to be driven low
in battery back-up.

Note: The IRQ/OUT pin is an open drain which re-
quires an external pull-up resistor.

Battery Low Warning

The M41ST87Y/W automatically performs battery
voltage monitoring upon power-up and at factory-
programmed time intervals of approximately 24
hours. The Battery Low (BL) Bit, Bit D4 of Flags
Register OFh, will be asserted if the battery voltage
is found to be less than approximately 2.5V. The
BL Bit will remain asserted until completion of bat-
tery replacement and subsequent battery low
monitoring tests, either during the next power-up
sequence or the next scheduled 24-hour interval.

If a battery low is generated during a power-up se-
guence, this indicates that the battery is below ap-
proximately 2.5 volts and may not be able to
maintain data integrity in the SRAM. Data should
be considered suspect and verified as correct. A
fresh battery should be installed.

If a battery low indication is generated during the
24-hour interval check, this indicates that the bat-
tery is near end of life. However, data is not com-
promised due to the fact that a nominal Vcc is
supplied. In order to insure data integrity during
subsequent periods of battery back-up mode, the
battery should be replaced. The battery may be re-
placed while V¢ is applied to the device.

The M41ST87Y/W only monitors the battery when
anominal V¢ is applied to the device. Thus appli-
cations which require extensive durations in the
battery back-up mode should be powered-up peri-
odically (at least once every few months) in order
for this technique to be beneficial. Additionally, if a
battery low is indicated, data integrity should be
verified upon power-up via a checksum or other
technique.

trec Bit

Bit D7 of Clock Register 04h contains the trec Bit
(TR). trec refers to the automatic continuation of
the deselect time after Vcc reaches Vpgp. This al-
lows for a voltage settling time before WRITES
may again be performed to the device after a pow-
er-down condition. The trec Bit will allow the user
to set the length of this deselect time as defined by
Table 16, page 32.

Electronic Serial Number
The M41ST87Y/W has a unique 8-Byte lasered,
serial number with parity. This serial number is

“Read only” and is generated such that no two de-
vices will contain an identical number.
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Oscillator Stop Detection

If the Oscillator Fail (OF) Bitisinternally settoa'l,’
this indicates that the oscillator has either stopped,
or was stopped for some period of time and can be
used to judge the validity of the clock and date da-
ta. This bit will be set to '1" any time the oscillator
stops. The following conditions can cause the OF
Bit to be set:

— The first time power is applied (defaults to a '1'
on power-up).

— The voltage present on V¢ or battery is insuffi-
cient to support oscillation.

— The ST Bitis setto '1.'

If the Oscillator_Fail Interrupt Enable Bit (OFIE) is
setto a'l, the IRQ/OUT pin will also be activated.

Table 15. Century Bits Examples

The IRQ/OUT output is cleared by resetting the
OFIE Bit to '0' (not by reading the Flag Register),
or the RST output is enabled.

The OF Bit will remain set to '1' until written to logic
'0." The oscillator must start and have run for at
least 4 seconds before attempting to reset the OF
Bitto '0." This function operates both under normal
power and in battery back-up. If the trigger event
occurs during a power-down condition, this bit will
be set correctly.

Note: The ABE Bit must be set to '1' for the @/
OUT pin to be activated in battery back-up.

Initial Power-on Defaults
See Table 17, page 33.

CBO CB1 Leap Year? Example @)
0 0 Yes 2000
0 1 No 2100
1 0 No 2200
1 1 No 2300

Note: 1. Leap year occurs every four years (for years evenly divisible by four), except for years evenly divisible by 100. The only exceptions
are those years evenly divisible by 400 (the year 2000 was a leap year, year 2100 is not).

Table 16. t rec Definitions

trec Time
trec Bit (TR) STOP Bit (ST) Units
Min Max
0 0 96 981 ms
0 1 40 200 ms
1 X 50 2000 8]

Note: 1. Default Setting
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Table 17. Default Values

Condition TR ST OF OFIE HT® Out FT AFE
Initial Power-up 0 0 1 0 1 1 0 0
Subsequent Power- ith
ubsequent Power-up (w! uc uc uc o 10 uc 0l of
battery back-up)\*
Condition ABE SQWE SQWOD PFOD WATCHDOG Register @
Initial Power-up 0 0 1 1 0
Subsequent Power-up (with
oft oft uc uc ol
battery back-up)®2
Condition 32kE THS TEBland2 JTCMland2 TPMland?2 T7DS1and?2
Initial Power-up 1) 0 0 0 0 0
Sub tP - ith
Losequen FoRarHp (wi uc uc uc uc uc uc
battery back-up)
CLR1exT
Condition TCHITCLOL CLR1and?2 | TIE1 and 2 CLRPWO CLRPW1 and
and 2
CLR2gxT
Initial Power-up 0 0 0 0 0 0
Sub tP - ith
posequen Forarip (wi uc uc of uc uc uc
battery back-up)

Note: All other control bits are undetermined.

1. UC = Unchanged.

4

2.1 = Vcc rising; U= Vcc falling.

3. When TEBx is set to '1,’ the HT Bit will not be set on power-down (Tamper Time-Stamp will have precedence).

4. WDS, BMB0-BMB4, RBO, RB1.
5. 32kHz output valid only on Vcc.
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Figure 26. Crystal Accuracy Across Temperature
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Figure 27. Calibration Waveform
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PACKAGE MECHANICAL INFORMATION

Figure 28. SOX28 — 28-lead Plastic Small Outline, 300mils, Embedded Crystal, Package Outline
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Note: Drawing is not to scale.

Table 18. SOX28 — 28-lead Plastic Small Outline, 300mils, Embedded Crystal, Package Mechanical

Symbol millimeters inches
Typ Min Max Typ Min Max
A 2.44 2.69 0.096 0.106
Al 0.15 0.31 0.006 0.012
A2 2.29 2.39 0.090 0.094
B 0.41 0.51 0.016 0.020
0.20 0.31 0.008 0.012
D 17.91 18.01 0.705 0.709
dad 0.10 0.004
E 7.57 7.67 0.298 0.302
e 1.27 - - 0.050 - -
H 10.16 10.52 0.400 0.414
L 0.51 0.81 0.020 0.032
a 0° 8° 0° 8°
N 28 28
ﬁ 35/38
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PART NUMBERING

Table 19. Ordering Information Scheme
Example: M41ST

Device Type

M41ST

Supply Voltage and Write Protect Voltage

87Y

87Y = Ve = 4.75 0 5.5V
THS Bit ='1": 4.50V < Vprp < 4.75V
Vee = 4.5 10 5.5V
THS Bit ='0": 4.20V < Vprp < 4.50V
87W = Ve = 3.0 10 3.6V:
THS Bit = '1": 2.80V < Vpgp < 3.00V
Vce =2.7t0 3.6V,

THS Bit = '0"; 2.55V < Vpgp < 2.70V

Package

MX

Mxd = sox28

Temperature Range

6 =—-40to 85°C

Shipping Method for SOIC

blank = Tubes
T = Tape & Reel

Note: 1. The SOX28 package includes an embedded 32,768Hz crystal.

For a list of available options (e.g., Speed, Package) or for further information on any aspect of this device,

please contact the ST Sales Office nearest to you.
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REVISION HISTORY

Table 20. Document Revision History

Date Rev. # Revision Details
May 2002 1.0 First issue
23Apr-03 2.0 Document promoted to Preliminary Data
10-Jul-03 2.1 Update tamper information (Figure 4, 5, 15, 16, 17, 20, 21, 26; Table 5, 8, 16)

4
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