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General Description

The MAX690 Family of supervisory circuits reduce the
complexity and number of components required for
power supply monitoring and battery control functions in
microprocessor systems. These include uP reset and
backup-battery switchover, watchdog timer, CMOS
RAM write protection, and power-failure warning. The
MAX690 Family significantly improves system reliability
and accuracy compared to that obtainable with separate
ICs or discrete components.

The MAX690, MAX692 and MAX694 are supplied in

8-pin packages and provide four functions:

1) A Reset output during power-up, power-down and
brownout conditions.

2) Battery backup switching for CMOS RAM, CMOS
microprocessor or other low power logic.
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4 Precision Voltage Monitor
4.65V in MAX690, MAX691, MAX694 and MAX695

4.40V in MAX692 and MAX693

Features

¢ Power OK/Reset Time Delay - 50, 200ms, or

adjustable

& Watchdog Timer - 100ms, 1.6 sec, or

adjustable

4 Minimum Component Count
¢ 1uA Standby Current

¢ Battery Backup Power Switching

4 Onboard Gating of Chip Enable Signals

¢ Voltage Monitor for Power Fail or Low Battery

3) A Reset pulse if the optional watchdog timer has not Warning
been toggled within a specified time. . -
4) A 1.3V threshold detector for power fail warning, low Ordering Information
?ha;:we?— gstectlon, or to monitor a power supply other PART TEMP. RANGE PIN-PACKAGE
The MAX691, MAX693 and MAX695 are supplied in L dllholi . L L
16-pin packages and perform all MAX690/692/694 MAX890C/D 0°C to +70°C Dice
functions, plus: ) ) MAXB90EPA -40°C to +85°C 8 Lead Plastic DIP
1) Write protection of CMOS RAM or EEPROM. MAXG90EJA __ -40°C10+85°C 8 Lead CERDIP
2) Adjustable reset and watchdog timeout periods. MAXEIOMUA 55°C 10 1125°C 8 Load CERDIP
3) Separate outputs for indicating a watchdog timeout, - = & '
backup-battery switchover, and low Vcc. MAX691CPE 0°C to +70°C 16 Lead Plastic DIP
Applicati MAX691CWE 0°C to +70°C 16 Lead Wide SO
PRUCAtions MAX691C/D 0°Cto+70°C___ Dice’
8°“}PUJGVS MAX691EPE -40°C to +85°C 16 Lead Plastic DIP
|n?&,irgeﬁﬁnstrumems MAXG91EWE  -40°C 10 +85°C____ 16 Lead Wide SO
Automotive Systems MAX691EJE -40°C to +85°C 16 Lead CERDIP
Critical P Power Monitoring MAX691MJE -55°C to +125°C 16 Lead CERDIP

Ordering information continued on last page.

*Contact factory for dice specifications.
Devices in PDIP and SO packages are available in both leaded
and lead-free packaging. Specify lead free by adding the +

symbol at the end of the part number when ordering. Lead free
not available for CERDIP package.
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For pricing, delivery, and ordering information, please contact Maxim Direct
at 1-888-629-4642, or visit Maxim’s website at www.maximintegrated.com.

19-0218; Rev 4; 11/05




MAX690/91/92/93/94/95

Microprocessor
Supervisory Circuits
ABSOLUTE MAXIMUM RATINGS

Terminal Voltage (with respect to GND) Power Dissipation
N s TN s o e e A N —0.3V to 6.0V 8 Pin Plastic DIP
MEBATTE 1on wiviwcsnimies D i 585 Rmiecns et ade —0.3V to 6.0V (Derate 5mW/°C above +70°C) .......... 400mwW
All Other Inputs (Note 1) .. —0.3V to (VouT +0.5V) 8 Pin CERDIP
input Current (Derate 8BmW/°C above +85°C) .......... 500mwW
L o T R A 200mA 16 Pin Plastic DIP
NERTT s SRS o el sea i B 50mA (Derate 7mW/°C above +70°C) .......... 600mwW
VD) 55578 . memmn vobm A 5675 R et s 20mA 16 Pin Small Outline
Qutput Current {Derate 7mW/°C above +70°C) .......... 600mwW
O 5 smmar o TR short circuit protected 16 Pin CERDIP
AllOther Outputs . ...........coiiinenn... 20mA (Derate 10mW/°C above +85°C) ......... 600mwW
Rate-of-Rise, Veatr, Voo« o v v voieveeene 100V/us Storage Temperatur (Soldering, 10S) . .......... 300°C
Operating Temperature Range Lead Temperature (Soinenng, 1u seconas) . ... 3UU°G
CSUHRX. .. wioienin G250 Banmnmiomsmmn s 0°Cto +70°C
STV [ R —40°C to +85°C
M SUHIX . ccvvs vim 50 e mmnn = —55°C to +125°C

Siresses above those listed under “Absolute Maximum Ratings” may cause permanent damage lo the device. These are siress ratings only, and functional
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum ratings conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(Vce = full operating range, Veart = 2.8V, Ta = 25°C, unless otherwise noted.)

B PARAMETER CONDITIONS [ mN TYP  waAx [ unrs |

BATTERY BACKUP SWITCHING

Operating Voltage Range [

MAXE90, MAX691, MAX694, MAX695 Vg 4.75 55
MAX690, MAX691, MAXB94, MAX695 Vaart 20 4.25 V
MAX692, MAX693 Ver 45 55
MAX692, MAX693 Vearr 2.0 4.0 3
LN _ _ —
lour = TMA Vee-03  Vee-041

Vour Output Voltage lour = 50mA Veo—05 Voo—025 ¥
Eitinavisiin PN P ] 8 co= =l

Vour in Battery Backup Mode L lour = 250pA, Vg < Vearr—0.2V Vearr—0.1 Vgart—0.02 v
o n | 1mA T o T2 5T

ouT =
Supply Current {excludes louT) lout = 50mA 35 10 mA_J
LSuppiy Current in Battery Backup Mode Vee = OV, Vgarr = 2.8V [__ 0.6 1 | HA
_5.5V -'/‘_\{Gc > Veart+ 1V
Battery Standby Current Ta=25C —041 +0.02 A
(+ = Discharge, — = Charge) Ta = Full Operating Range -1.0 +0.02
— [__ = RSN —

Battery Switchaver Threshold Power Up 70 mv
L_Vic — Vgarr Power Down 50__ ]
L’Baﬂery Switchover Hysteresis ~_‘ 20 mv

BATT ON Output Voltage Ising = 3.2mA 04 # v
% — el . = e P e __

BATT ON Output Short BATT ON = Vgur = 4.5V Sink Current 25 mAﬂ

Circuit Current BATT ON = 0V Source Current 05 1 25 uA

RESET AND WATCHDOG TIMER

Ta = Full Operating Range [

Reset Voltage Threshold MAX690, MAXB91, MAX694, MAX695 45 4.65 4.75 v

MAX692, MAX693 | 4.25 4.4 4.5 Vv

Note 1: The input voitage limits on PF{ and WDI may be exceeded provided the input current is limited to less than 10mA.

Maxim Integrated



MAX690/91/92/93/94/95

Microprocessor
Supervisory Circuits

ELECTRICAL CHARACTERISTICS (continued)

(Voe = full operating range, Veart = 2.8V, Ta = 25°C, unless otherwise noted.)

[ PARAMETER F CONDITIONS MIN TYP  MAX | UNITS
Reset Threshold Hysteresis ﬂ 40 mv
Reset Timeout Delay (MAX690/91/92/93) Figure 6. OSC SEL HIGH, Vg = 5V 35 50 70 ms
Reset Timeout Delay (MAX694/935) Figure 6. OSC SEL HIGH, Vce = 5V 140 200 280 4 ms

; : ; Long Period, Ve = BV 10 16 2.25 sec
Watchdog Timeout Period, Internal Oscillator Short Period, Vg = 5V 70 100 1 4[: =
_ . Long Period 3840 4097 | Clock |

LWatchdog Timeout Period, Externai Clock Short Period 768 1025 Cycles
Minimum WD! Input Pulse Width Vie = 0.4, Vi = 0.8Vce 200 ns
RESET and LOW LINE Output Voltage :z:;*:ﬂ; 1;6T:A Vgé?::“'ﬁ%“ i 04 v
RESET and WDO Output Voltage T VB o5 L v
Output Short Circuit Current RESET, RESET, WDO, LOW LINE 1 3 25 A
WDI Input Threshoid Vee = 5V (Note 2)

Logic Low 0.8 v

Logic High 35
WDI Input current Woi = ov & = = uA
POWER FAIL DETECTOR
PFI input Threshold Vee = 5V, Ta = Full 1.2 1.3 1.4 vV
PF! Input Current +0.01 +25 nA 4‘
PFO Qutput Voltage :i";’SR;E B;ET:A a5 04 \\i
PFO Short Circuit Source Current PFl = V,,,, PFO = OV 1 3 25 k|
CHIP ENABLE GATING
CE IN Thresholds EI; 40 o8 v

EE IN Pullup Current ;‘ 3 A
— lsing = 3.2mA 04
CE OUT Output Voltage lsounce = 3.0mA Vour—15 \'

lsounce = 1uA, Voo = OV Vour—0.05
CE Propagation Delay Voo = 5V 50 200 ns
OSCILLATOR

[ESC IN (nput Current +2 pA
OSC SEL Input Pullup Current 5 1A
OSC IN Frequency Range OSC SEL = 0V 0 250 kHz
0SC IN Frequency 0SC SEL = OV KHz
with External Capacitor Cosc = 47pF 4
i

Note 1: The input voltage limits on PFl and WDI may be exceeded provided the input current is limited to less than 10mA.
Note 2: WDI is guaranteed to be in the mid-level (inactive) state if WDI is floating and Vec is in the operating voltage range. WDI is internally biased
10 38% of Ve with an impedance of approximately 125 kilohms.

Maxim Integrated
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Pin Description

B PIN
NAME e MAX690/ MAX691/ FUNCTION
692/694 693/695

Vee 2 3 The +5V input.

Veart 8 1 Backup battery input. Connect to Ground if 2 backup battery is not used.

Vout 1 2 The higher of Ve or Veart is internally switched to Vo1 Connect Vour to Vg if
Vout and Veart are not used. Connecta 0. 1uF or larger bypass capacitor to Vour.

GND 3 B 4 0V Ground reference for all signals.

RESET 7 15 RESET goes low whenever Ve falls below either the reset voltage threshold or
the Vgarr input voltage. The reset threshold is typically 4 65V for the MAX630/
691/694/695, and 4.4V for the MAX692 and MAX693. RESET remains low for
50ms after Vee returns to 5V, (except 200ms in MAX694/695). RESET also goes
low for 50ms if the Watchdog Timer is enabled but not serviced within its timeout
period. The RESET pulse width can be adjusted as shown in Table 1.

w0l 6 il The watchdog input, WDI, is a three level input. if WD! remains either high or
low for longer than the watchdog timeout period, RESET pulses low and WDO
goes low. The Watchdog Timer is disabled when WD is left floating or is driven
to mid-supply. The timer resets with each transition at the Watchdog Timer

L Input.

PFi 4 9 PFI is the non-inverting input to the Power Fail Comparator. When PF| is less
than 1.3V, PFO goes low. Connect PFI to GND or Vour when not used. See
Figure 1.

PFO 5 10 PFO is the output of the Power Fail Comparatcr It goes low when PFl is less than
1.3V. The comparator is turned off and PFO goes low when Ve is below Vearr,

CE IN — 13 The input to the CE gating circuit. Connect to GND or Vour if not used.

| CE ouT - 12 CE QUT goes low only when CE IN is low and V¢ is above the reset threshold
(4.65V for MAX691 and MAX695, 4.4V for MAX693). See Figure 6.

BATT ON —_ 5 BATT ON goes high when Voyr is internally switched to the Vgary input. It goes
low when Vgt is internally switched to Vg, The output typically sinks 25mA
and can directly drive the base of an external PNP transistor to increase the |
output current above the 50mA rating of Vour.

LOW LINE — 8 LOW LINE goes low when Vcc falls below the reset threshold. It returns hnqh as
soon as Ve rises above the reset threshold. See Figure 6, Reset Timing.

RESET — 16 RESET is an active high output. It is the inverse of RESET.

OSC SEL - 8 When OSC SEL is unconnected or driven high, the internal oscillator sets the
reset time delay and watchdog timeout period. When OSC SEL is low, the
external oscillator input, OSC IN, is enabled. OSC SEL has a 3pA internal
pullup, See Table 1.

OSC IN - 7 When OSC SEL is low, OSC IN can be driven by an external clock to adjust
both the reset delay and the watchdog timeout period. The timing can also be
adjusted by connecting an external capacitor to this pin. See Figure 8. When
QSC SEL is high or floating, OSC IN selects between fast and slow Watchdog
timeout periods.

WDO — 14 The Watchdog Output, WDO, goes low if WDI remains either high or low for

longer than the Watchdog timeout period. WDO is set high by the next
transition at WDI. If WD is unconnected or at mid-supply, WDO remains high.
WDO also goes high when LOW LINE goes low.

Maxim Integrated
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__Typical Applications

MAX691, MAX693 and MAX695

A typical connection for the MAX691/693/695 is shown
in Figure 1. CMOS RAM is powered from Vg 1. Vot is
internally connected to Vg when 5V power is present,
or to Vgart when Ve is less than the battery voltage.
Vout can supply 50mA from Ve, but if more current
is required, an external F'I\FF9 transistor can be
added. When V¢ is higher than Vgurt, the BATT ON
output goes low, providing 25mA of base drive for the
external transistor. When V¢ is lower than Vgarr, an
internal 20002 MOSFET connects the backup battery to
Vout. The quiescent current in the battery backup
mode is TuA maximum when Vg is between 0V and
Vparr-100mV.

Reset Output

A voltage detector monitors Vcc and genperates a
RESET output to hold the microprocessor's Reset line
low when Ve is below 4.65V (4.4V for MAX693). An
mternal monostable holds RESET low for 50ms* after
Ve rises above 4.65V (4.4V for MAX693). This prevents
repeated toggling of RESET even if the 5V power drops
out and recovers with each power line cycle.

The crystal oscillator normally used to generate the
clock for microprocessors takes several milliseconds to
start. Since most_microprocessors need several clock
cycles to reset, RESET must be held low until the
microprocessor clock oscillator has started. The

*200ms for MAX695

Microprocessor
Supervisory Circuits

MAX690 Family power-up RESET pulse lasts 50ms” to
allow for this oscillator start-up time. The manual reset
switch and the 0.1uF capacitor connected to the reset
bus can be omitted if manual reset is not needed. An
inverted, active high, RESET output is also supplied.

Power Fail Detector

The MAX691/93/95 issues a non-maskable interrupt
(NMI) to the microprocessor when a power failure
occurs. The +5V power line is monitored via two
external resistors connected to the Power Fail Input
(PFI). When the vol;a'_gg at PFl falls below 1.3V, the
Power Fail Output (PFO) drives the processor's NMI
input low. If a Power Fail threshold of 4.8V is chosen, the
microprocessor will have the time when V¢ fails from
4.8V to 4.65V to save data into RAM. An earlier power
fail warning can be generated if the unregulated DC
input of the 5V regulator is available for monitoring.

RAM Write Protection

The MAX691/93/95 CE OUT line drives the Chip Select
inputs of the CMOS RAM. CE QUT follows CE IN as long
as Vcc is above the 4.65V (4.4V for MAXE93) reset
threshold. If Vg falls below the reset threshold, CE OUT
goes high, independent of the logic level at CE IN. This
prevents the microprocessor from writing erroneous
data into RAM during power-up, power-down,
brownouts, and momentary power interruptions. The
LOW LINE output goes low when V¢ falls below 4.65V
(4.4V for MAX693).

+5Y
Voo »—a—
WPUT L O

———————

i
1
B 3 s I
+ ! Vcc  BATT ON 2 -
[ ' Vatt Vaur >
= N : _ | Jcmos
BATTERY 9 CE out RAM
PFI
— |13 | aooress |
BEM DECODE [
— MAX691 )
il | g wit b o AO-AIS

l MAX695 1w

= : PFO NI

—— 0SC IN | 18 e
NO CONNECTION 8 RESET : RESET
——] osc sk “SEJ l
LOW LINE wio _L Iﬂ'l ik MICROPROCESSOR
6 14 = =
AUDIBLE
Y e OTHER SYSTEM RESET SOURCES

SYSTEM STATUS INDICATORS

Figure 1. MAX691/693/695 Typical Application
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Watchdog Timer

The microprocessor drives the WATCHDOG INPUT
(WDI) with an 1/0 line. When OSC IN and OSC SEL are
unconnected, the microprocessor must toggle the WDI
pin once every 1.6 seconds to verify proper software
execution. If a hardware or software fajlure occurs such
that WDI not toggled, the MAX691/93 will issue a 50ms*
RESET pulse after 1.6 seconds. This typically restarts
the microprocessor’'s power-up routine. A new RESET
pulse is issued every 1.6 seconds until WDI is again
strobed.

The WATCHDOG OUTPUT (WDO) goes low if the
watchdog timer is not serviced within its timeout period.
Once WDO goes low it remains low until a transition
occurs at WDI. The watchdog timer feature can be
disabled by leaving WDI unconnected. OSC IN and OSC
SEL also allow other watchdog timing options, as shown
in Table 1 and Figure 8.

MAX690, MAX692 and MAX694

The 8 pin MAX690, MAX692 and MAX694 have most of
the features of the MAX691, MAX693 and MAX695.

*200ms for MAXE95

Figure 2 shows the MAX690/692/694 in a typical
application. Operation is much the same as with the
MAX691/693/685 (Figure 1) but in this case the Power
Fail Input (PF1) monitors the unre%ylm_e_q input to the
7805 regulator. The MAX690/694 RESET output goes
low when V¢ falls below 4.65V. The RESET output of
the MAX692 goes low when Ve drops below 4.4V.

The current consumption of the battery-backed-up
power bus must be less than 50mA. The
MAX690/692/694 does not have a BATT ON output to
drive an external transistor. The MAX690/92/94 also
does not include chip enable gating circuitry that is
available_on the MAX691/93/95. In many systems
though, CE gating is not needed since a low input to the
microprocessor %ESET line prevents the processor
from writing to RAM during power-up and power-down
transients.

The MAX690/92/94 watchdog timer has a fixed 1.6
second timeout period. If WDLremains either low or high
for more than 1.6 seconds, a RESET pulse is sent to the
microprocessor. The watchdog timer is disabled if WDl is
left floating.

v I e . v |1 D1 [POWER  MichD
» 5
TERMINAL [ 5 19 "ﬂgﬁ?ﬁ
REGULATOR =01 F :_E RAM
.
T I MAX6S0 Vgxrr I“H'J_
i - MAXE92
! i = MICROPROCESSOR
{ RESET =1 RESET
4
= PFI PFD 2 »{ NMI
3 g
3 WOl f= — —1/0 LINE

Figure 2. MAX690/692/694 Typical Application
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Detailed Description

Battery-Switchover and Vour

The battery switchover circuit compares Vgc to the
VaatT input, and connects Vour to whichever is higher.
Switchover occurs when Vee is 50mV greater than
Vearr as Vcc falls, and when Vg is 70mV more than
Veart as Vgg rises (see Figure 4). The switchover
comparator has 20mV of hysteresis to prevent
repeated, rapid switching if Voo falls very slowly or
remains nearly equal to the battery voltage.

When Ve is higher than Vgarr, Ve is internally
switchedcto Vour via a low saturation IgNF’ transistor.
Vgout has 50mA output current capability. Use an
external PNP pass transistor in parallel with internal
transistor if the output current requirement at Vqor
exceeds 50mA or if a lower V-V Voltage differen-
tial is desired. The BATT ON output (MAX691/693/695
only) can directly drive the base of the external
transistor.

It should be noted that the MAX690/91/92/93/94/95
need only supply the average current drawn by the
CMOS RAM it there is adequate filtering. Many RAM
data sheets specify a 75mA maximum supply current,
but this peak current spike lasts only 100ns. A 0.1uF
bypass capacitor at Vour supplies the high
instantaneous current, while Vout need only supply the
average load current, which is much less. A capacitance
of 0.1uF or greater must be connected to the Vour
terminal to ensure stability.

A 200Q MOSFET connects the Vgt input to Vot

MAX690/91/92/93/94/95

Microprocessor
Supervisory Circuits

during battery backup. This MOSFET has very low input-
to-output differential (dropout voltage) at the low current
levels required for battery backup of CMOS RAM or
other low power CMOS circuitry. When Vce equals
Vaatr the supply current is typically 12u:A. When Vee is
between 0V and (Vgarr—700mV) the typical supply
current is only 600nA typical, 1A maximum.

The MAXB90/MAXE691/MAXE94/MAXEI5 operate with bat-
tery voltages from 2.0V to 4.25V while the MAX692/MAXE93
operate with battery voltages from 2.0V to 4.0V. High value
capacitors can also be used for short-term memory back-
up. External circuitry is required 1o ensure that the capaci-
tor voltage does not rise above the reset threshold, and that
the charging resistor does not discharge the capacitor
when in backup mode. The MAX691A and the MAX791
provide solutions requiring fewer external components.

A small charging current of typically 10nA (0.1uA max)
flows out of the Vgart terminal. This current varies with
the amount of current that is drawn from Vo1 but its
polarity is such that the backup battery is always
slightly charged, and is never discharged while V¢ is
in its operating voltage range. This extends the shelf
life of the backup battery by compensating for its seli-
discharge current. Also note that this current poses no
problem when lithium batteries are used for backup
since the maximum charging current (0.1uA) is safe for
even the smallest lithium cells.

If the battery-switchover section is not used, connect
VearT to GND and connect Vour to V. Table 2 shows
the state of the inputs and output in the low power
battery backup mode.

Vearr

G 4 BATT ON

R
L

3
Ve »—

\_D—_j ¢ v
" L~ > Vour
1

13
GHIP-ENABLE INPUT »—

12
___(D——_ﬁ.p CHIP ENABLE DUTPUT

*
*4.4y (mAx693) | {265y

D>—— 0w LINE

= 1

5
¥ > RESET

16
RESET GENERATOR = > RESET

-

0SC IN -;—? TIMEBASE FOR RESET
0SC SEL »— AND
L>» WATCHDOG Y i
1 WATCHDOG —» WATCHDOG OUTPUT
WATCHDOG INPUT > WATCHOOG TRANSITION TIMER
" DETECTOR
POWER FAIL 0
] o=
INPUT @\:& = POWER FAIL OUTPUT
4 | GROUND

Figure 3. MAX691/693/695 Block Diagram
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Veo gl Y G S T e RS e
+5V
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RAM AND

BASE DRIVE

SU-J-—

-G
Veart
BATTERY

INPUT L ’

.

AL

: ¢

' > REALTIME
Voo M vour | ! CLOCK
5 jﬂ—lpcmum ! L OsF o IN

1

| =

| =

|

|

|

1

i

my INTERNAL
' P I 1] e SHUTDOWN
5 SELECT SIGNAL WHEN
v

MOSFET

p—

[MAX691, MAX693. MAXG95 ONLY]

par7 > Vg + 0.7V

Figure 4. Battery-Switchover Block Diagram

Reset Output

RESET is an active low output which goes low whenever
Vg falls below 4.5V (MAX690/691/694/695) or 4.25V
(MAX692/693). It will remain low until Vgg rises above
4,75V (MAX690/691/694/695) or 4.5V (MAX692/693)
for 50 milliseconds*. See Figures 5 and 6.

The guaranteed minimum and maximum thresholds of
the MAX690/691/694/695 are 4.5V and 4.75V, while
the guaranteed thresholds of the MAX692/693 are
425V and 4.5V. The MAX690/691/694/695 Iis
compatible with 5V supplies with a +10%, —5%
tolerance while the MAX692/693 is compatible with
5V +10% supplies. The reset threshold comparator has
approximately 50mV of hysteresis, with a nominal
threshold of 4.65V in the MAX690/691/694/695, and
4.4V in the MAX692/693.

The response time of the reset voltage comparator is
about 100us. Vcc should be bypassed to ensure that
glitches do not activate the RESET output.

RESET also goes low if the Watchdog Timer is enabled
and WDI remains either hi%h or low longer than the
watchdog timeout period. RESET has an internal 3uA
pullup, and can either connect to an open collector
Reset bus or directly drive a CMOS gate without an
external pullup resistor.

*200ms for MAX694 and MAX695

CE Gating and RAM Write Protection

The MAX691, MAX693 and MAX695 use two pins to
control the Chip Enable or Write inputs of CMOS RAMs.
When Vec is +5V, CE OUT is a buffered replica of CE
IN, with a 50ns propagation delay. If Ve input falls
below 4.65V (4.5V min, 4.75V max) an internal gate
forces CE_QUT high, independent of CE IN. The
MAX693 CE OUT goes high whengver Vg is below
4.4V (4.25V min, 4.5V max). The CE output of both
devices is also forced high when Ve is less than Vear.
(See Figure 5.)

CE OUT typically drives the CE, CS, or Write input of
battery backed up CMOS RAM. This ensures the
integrity of the data in memory by preventing write
operations when Vgc is at an invalid level. Similar
protection of EEPROMSs can be achieved by using the
CE OUT to drive the Store or Write inputs of an
EEPROM, EAROM, or NOVRAM.

If the 50ns typical propagation delay of CE OUT is too
long, connect CE IN to GND and use the resulting CE
OUT to control a high speed external logic gate. A
second alternative is to AND the LOW LINE output with
the CE or WR signal. An external logic gate and the
RESET output of the MAX690/692/694 can also be
used for CMOS RAM write protection.

Maxim Integrated
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W > CEOUT
= —>—»> WK

Vee
POWER-ON

>o—» RESET

METAL 3

LINK
TRIMMED —
RESISTORS RESET
10 kHz CLOCK
—ex FROM TIMEBASE
SECTION
Figure 5. Reset Block Diagram
| | | I
Veo | 4.7V ; 4.6V ; 47V ! 4.6V
I I I I
| 1 ! I
I ! ! :
RESET 1 H0ms* ! I 50ms* |
ouTPUT |
—_—

!
LOW LINE
QuUTPUT

e U

*200ms for MAXG94 and MAXG95

Figure 6. Reset Timing
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1.3V Comparator and Power Fail Warning

The Power Fail Input (PFI) is compared to an internal 1.3V
reference. The Power Fail Output (PFQO) %oes low when
the voltage at PFl is less than 1.3V. Typically PFl is driven
by an external voltage divider which senses either the
unregulated DC input to the system’s 5V regulator or the
regulated 5V output. The voltage divider ratio can be
chosen such that the voltage at PF| falls below 1.3V
several milliseconds before the +5V supply falls below
475V. PFO is normally used to interrupt the
microprocessor so that data can_be stored in RAM before
Vce falls below 4.75V and the RESET output goes low
(4.5V for MAX692/93).

The Power Fail Detector can also monitor the backup
battery to warn of a low battery condition. To conserve
battery power,_the Power Fail Detector comparator is
turned off and PFQ is forced low when V¢ is lower than
the VeatT input voltage.

Watchdog Timer and Oscillator

The watchdog circuit monitors the activity of the
microprocessor. |f the microprocessor does not toggle the
Watchdog Input (WD) within the selected timeout period,
a 50 millisecond* RESET pulse is generated. Since many
systems cannot service the watchdog timer immediately
after a reset, the MAX691/693/695 has a longer timeout
period after a reset is issued. The normal timeout period
becomes effective following the first transition of WD after
RESET has gone high. The watchdog timer is restarted at

the end of Reset, whether the Reset was caused by lack of
activity on WD or by V¢ falling below the reset threshold.
If WDI remains either high or low, reset puises will be
issued every 1.6 seconds. The watchdog monitor can be
deactivated by floating the Watchdog Input (WDI).

The Watchdog Output (WDO, MAX691/693/695 only)
goes low if the watchdog timer “times out” and remains
low until set high by the next transition on the watchdog
input. WDO is also set high when Vcc goes below the
reset threshold.

The watchdog timeout period is fixed at 1.6 seconds and
the reset pulse width is fixed at 50ms* on the 8-pin
MAX690, MAX692 and MAX694. The MAX691, MAX693
and MAX695 allow these times to be adjusted per Table 1.
Figure 8 shows various oscillator configurations.

The internal oscillator is enabled when OSC SEL is
floating. In this mode, OSC IN selects between the 1.6
second and 100ms watchdog timeout periods. In either
case, immediately after a reset the timeout period is 1.6
seconds. This gives the microprocessor time to re-
initialize the system. If OSC IN is low, then the 100ms
watchdog period becomes effective after the first
transition of WDI. The software should be written such
that the I/0O port driving WD is left in its power-up reset
state until the initialization routines are completed and
the microprocessor is able to toggle WDI at the
minimum watchdog timeout period of 70ms.

*200ms for MAX694

10.24 kHz FROM INTERNAL OSCILLATOR
PRESCALER DR EXTERNALLY SET FREQUENCY FROM
WATCHDOG INPUT % G W
y
% WATCHODG TIMEQUT SELECT
veg 27V HI IF WATCHDOG OUF-SELEC
INPUT 1S FLDATING * #
WATCHOOB
RESET WATCHDOG
counTen [ CONTER 1 L Tmeour
Qaf—=]  SELECTOR
R 010/12 R 015}—» LoGIC
= 10V
T f GOES HIGH AT THE
-»-| TRANSITION _ - END OF WATCHDOG
DETECTOR TIMEQUT PERIOD
l-—/ | M ;
FOR EACH TRANSITION T L- s
.__’—r‘D >[5 R S ) RS
LOW LINE RESET LONG/SHORT | g | waTcHnos
(M1 IF Vg < 465V) FLIP FLOP FF Une|  FAULT FF
- e H —
0 0 T 0

4*

R —

RESET RESET

v

WATCHDOG OUTPUT

Figure 7. Watchdog Timer Block Diagram
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EXTERNAL CLOCK

.

0 T0 250kHz

0SC SEL

MAX691
MAX693
MAX695

OSC IN

INTERNAL OSCILLATOR
1.6 SECOND WATCHDOG

NC.—

NE —

0SC SEL

MAX691
MAX693
MAX695

0SC IN

EXTERNAL OSCILLATOR

0SC SEL

MAX691
MAX693
MAX695

0SC IN

INTERNAL OSCILLATOR
100ms WATCHDOG

NL. —

"

0SC SEL

MAX691
MAX693
MA X695

0SC IN

Figure 8. Oscillator Circuits

Table 1. MAX691, MAX693 and MAX695 Reset Pulse Width and Watchdog Timeout Selections

Watchdog Timeout Period |
0SC SEL 0SC IN ot Immediately Reset Timeout Period
After Reset MAX691/93 MAX695
Low External Clock Input 1024 clks 4096 clks 512 clks 2048 clks
Low External Capacitor 400M8 C 1838 Cc 200ms C 800ms . C
47pF 47pF 47pF 47pF
Floating Low 100ms 1.6 sec 50ms 200ms
Floating Floating 1.6 sec 1.6 sec 50ms 200ms

Note 1: The MAXB90/692/694 watchdog timeout period is fixed at 1.6 seconds nominal, the MAXB90/692 reset pulse width is fixed

at 50ms nominal and the MAXE94 is 200ms nominal.
When the MAXE6S1 OSC SEL pin is low, OSC IN can be driven by an external clock signal or an external capacitor can be

Note 2:

connected between OSC IN and GND. The nominal internal oscillator frequency is 8.55kHz. The nominal oscillator fre-
quency with capacitor is:

Note 3:

Maxim Integrated

Fosg(Hz) =

120,000
C(pF)

See Electrical Characteristics Table for minimum and maximum timing values.
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Other Uses of the Power Fail Detector

In Figure 9 the Power Fail Detector is used to initiate a
system reset when Vgc falls to 4.85V. Since the
threshold of the Power Fail Detector is not as accurate
as the onboard Reset voltage detector, a trimpot must
be used to adjust the voltage detection threshold. Both
the PFO and RESET outputs have high sink current
capability and only 10uA of source current drive. This
aliows the two outputs to be connected directly to each
other in a “wired or” fashion.

The overvoltage detector circuit in Figure 10 resets the
microprocessor whenever the nominal 5V Vg is above
5.5V. The battery monitor circuit (Figure 11) shows the
status of the memory backup battery. If desired, the CE
OUT can be used to apply a test load to the battery.
Since CE OUT is forced high during the battery backup
mode, the test load will not be applied to the battery
while it is in use, even if the microprocessor is not
powered.

+5V

Vee

T P
> RESET
INPUT

l

20.4k00

=
24
=3

MA X690
MAX691
MAX692
MAX693
MAX694 -
MAXE95

|

%0 PF

T

10k

Figure 9. Externally Adjustable Vo Reset Threshold
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Adding Hysteresis
to the Power Fail Comparator

Since the power fail comparator circuit is non-inverting,
hysteresis can_be added by connecting a resistor
between the PFO out?ut and the PFI input as shown in
Figure 12. When PFO is low, resistor R3 sinks current
from the summing junction at the PFI pin. When PFO is
high, the series combination of R3 and R4 source
current into the PFI summing junction.

Alternate Watchdog Input Drive Circuits

The Watchdog feature can be enabled and disabled
under program control by driving WDI with a 3-state
buffer (Figure 13). The drawback to this circuit is that a
software faull may erroneously 3-state the buffer,
thereby preventing the MAX690 from detecting that the
microprocessor is no longer working. In most cases a
better method is to extend the watchdog period rather
than disabling the watchdog. See Figure 14. When the
control input is high, the OSC SEL pin is low and the
watchdog timeout is set by the external capacitor. A
0.01uF capacitor sets a watchdog timeout delay of 100
seconds. When the control input is low, the OSC SEL pin
is driven high, selecting the internal oscillator. The
100ms or the 1.6 sec period is chosen, depending on
which diode in Figure 14 is used.

+5V

Vee

10 uP
- RESET
MAX6S0 INPUT
MAX691
MAX692
MAX693
MAX694
MAX695

%0 | PFI

3l

=2
=

o1

N-CHANNEL

10k
GND

ol L

Figure 10. Reset on Overvoltage or Undervoltage
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I

+HV
Veo LOW BATTERY
Veart PFO f—— SIGNAL TD
P 1/D PIN
MAX690
PRl MAX691
MAX692
MAX693
MAX694
MA X695 LOW
TF I f— — — — FROM oF
GND APPLIES /O PIN
LOAD
T0 BATTERY

V- 15V 5
1805 > Vee
<M MAX690
T $10k0 MAX691
Al = — MAX692
MAX694
MAX695
Pl ik
< R3
< R2 2
- 13k0 300k __]-__
—y = T0 uP
Wy = 9125V V= 13V [|+|;_|2+:_;l
v = T8y
HYSTERESIS = 123V : LRI BV - 130 Rl
e L [' 2" 13V (R3 + A4

Rl
HYSTERESIS =~ 5V = A3
ASSUMING R4 << R3

Figure 11. Backup Battery Monitor with Optional Test Load

Figure 12. Adding Hysteresis to the Power Fail Voltage Comparator

WATCHDOG
STROBE

WATCHDOG
DISABLE

+5V

wol

Veg

MAX690
MAX691
MAX692
MAX693
MAX694
MAX695

GND

L

LOW = INTERNAL
WATCHDOG TIMEOUT

...A_
r..l_\
s |
CONNECT FOR |
100ms TIMEOUT
WHEN INTERNAL

TIMEDUT IS
SELECTED

Hi = EXTEANAL
WATCHOOG
TIMEOUT

+3V

Veg
0SC SEL

MAX691
MAX693

0SC IN

GND

1

I CONNECT FOR
= 1.6 sec INTERNAL
TIMEQUT

Figure 13. Disabling the Waltchdog Under Program Control
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Figure 14. Selecting Internal or External Watchdog Timeout
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Table 2. Input and Output Status In Battery Backup Mode

Vearr, Vour
RESET
RESET

LOW LINE
BATT ON
WDI

WDO
PFI
PFO
CE IN
CE ouT
OSC IN

0SC SEL
Vee

VaaTT is connected to Vot via internal MOSFET.

Logic low
Logic high. The open circuit output voltage is equal to Vour.
Logic low
Logic high

WD is internally disconnected from its internal pullup and does not source or sink current as long as its input
voltage is between GND and Vayr. The input voltage does not affect supply current.

Logic high

The Power Fail Comparator is turned off and the Power Fail Input voltage has no effect on the Power Fail
Output.

Logic low

CE IN is internally disconnected from its internal pullup and does not source or sink current as long as its input
voltage is between GND and Voyr. The input voltage does not affect supply currant.

Logic high
OSC IN is ignored.
0OSC SEL is ignored.

Approximately 12uA is drawn from the Vgarr input when Ve is between Vgarr +100mV and Vgarr — 700mV.
The supply current is 1A maximum when Vg is less than Vearr—700mV.

go to www.maxim-ic.com/packages.)
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Package Information (continued)

(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information
go to www.maxim-ic.com/packages.) LEAD #1

AAAAAAR

0.291-0.299 0.344-0.364 _0.394-0.410
{7.390-7.959) {8.738-9.246) (10.008-10.643)

HHHHH?[LW

[1.270)
0.014-0.019
g 3 X143
0,092 - 0.104

{2.337-2.642) 5
0412 pay —* 0:381)
l " [0.465 \
"I ‘ 4 3 -6°

._L. [ B& :Lé
0,030 ‘ —T l

"l MAX. MIN.
L ory | A088-0.0% l‘“ 345) ,

KRR 0250260 R
16 Lead Small Outline, Wide (WE)
Bja = 105°C/W
8,c = 60° C/W
}*“%g’ nax ‘—l LEAD #1
0030 - 0110 o0
unzs+nms ___h___

0040 0020
*‘l ik § 0508

gz aion 0-10°fp
S i = S T
0.008 - Q015
l‘/ = {1220 - 0.301)

0020 8125
{0509) '“"‘ J 175 N l‘_ﬂ
+0025

0.018 + 0003 0375
{0457 = 0076 0100+ 0010 325 o5
54028250 (0255 388)

16 Lead Plastic DIP (PE)
0,5 = 135°C/W
0,c = 65°C/W
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Package Information (continued)

(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information

go to www.maxim-ic.com/packages.)
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16 Lead CERDIP (JE)
8,4 = 100°C/W
8¢ = 50°C/W

_Ordering Information (continued)

Chip Topography

PART TEMP. RANGE PIN-PACKAGE
| MAX692C/D 0°C to +70°C Dice ]
MAX692CPA 0°C 1o +70°C 8 Lead Plastic DIP
| MAXE92EPA -40°C to +85°C 8 Lead Plastic DIP
MAXB92EJA -40°C to +85°C 8 Lead CERDIP
MAXE92MJA 55°C 10 +125°C 8 Lead CERDIP
MAX693C/D 0°C to +70°C Dice
MAX693CPE 0°C to +70°C 16 Lead Plastic DIP
MAXB93CWE 0°C to +70°C 16 Lead Wide SO
MAX693EPE -40°C to +85°C 16 Lead Plastic DIP
MAXB93EJE -40°C to +85°C 16 Lead CERDIP
MAXBI3EWE -40°C to +85°C 16 Lead Wide SO
| MAXB93MJE 55°C 1o +125°C 16 Lead CERDIP
| MAX694C/D 0°Clo+70°C___ Dice
| MAX694CPA 0°C to +70°C 8 Lead Plastic DIP
MAXBI4EPA _40°C to +85°C 8 Lead Plastic DIP
MAXBI4EJA -40°C to +85°C 8 Lead CERDIP
| MAXE9aMIA 55°Cto +125°C 8 Lead CERDIP
MAX695C/D 0°C to +70°C Dice ]
| MAX695CPE 0°C to +70°C 16 Lead Plastic DIP
 MAX695CWE 0°C to +70°C 16 Lead Wide SO
 MAXB95EPE -40°C to +85°C 16 Lead Plastic DIP
MAXB95EJE -40°C to +85°C 16 Lead CERDIP |
| MAXG9SEWE ~40°C fo +85°C 16 Lead Wide SO
MAXGI5MIE -55°Cto +125°C 16 Lead CERDIP |

Voo Vour Vearr RESET RESET
3 |2 1 16 15
1
13 G
0.122* ! lzt':illuT
(3.098 mm)
aND-
BATT S '
o
L
15 7 18 |8 [0 |0
OW LINE 0SC 0SC PR PFO WOl
N SEL
.. boss”
(2.184 mm)

Devices in PDIP and SO packages are available in both leaded and lead-free packaging. Specify lead free by adding the + symbol at
the end of the part number when ordering. Lead free not available for CERDIP package.
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