
_______________General Description
Th e  M A X814 /M A X815 /M A X816 a re  h i g h-a c c ura c y
microprocessor (µP) supervisory c ircuits tha t provide
power-on rese t, wa tchdog , and power-fa il func tions .
They e limina te manua l trimming and improve re liab ility
in crit ic a l a p p l ic a t ions ne e d ing h igh-a c cura cy rese t
thresholds . The RESET output is guaranteed to be in
the correc t sta te for VC C down to 1V. The rese t com-
p ara tor is d es igne d to ignore fast trans ients on VC C .
Rese t thresholds are ava ilab le for opera tion with a vari-
e ty of 3V and 5V supp ly voltages.
A 75µA maximum supp ly current makes the MAX814/
MAX815/MAX816 idea l for use in portab le equipment.
A ll thre e d ev ic es are ava ila b le in 8-p in DIP and S O
packages. See the Se lec tor Tab le be low for a review of
fea tures.

________________________Applications
Med ica l Equipment
Controllers
Inte lligent Instruments
Critica l µP Power Monitoring
Portab le/Ba ttery-Powered Equipment
Se t-Top Boxes

____________________________Features
♦ ±1% Worst-Case Reset Threshold Accuracy
♦ 4.8V, 4.7V, 4.55V, 3.03V, or Adjustable Reset

Thresholds
♦ ±1% Low-Line Threshold Accuracy (MAX814)

60mV Above Reset Threshold
♦ 200ms Reset Time Delay
♦ Active-Low RESET Output

Active-High RESET Output (MAX814/MAX816)
♦ 75µA Max Supply Current
♦ Guaranteed RESET Valid to VCC = 1V
♦ Manual Reset Input
♦ ±2% Power-Fail Comparator
♦ Independent Watchdog with 1.56sec Timeout

(MAX815) 
♦ Power-Supply Glitch Immunity
♦ 8-Pin SO and DIP Packages
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________________________________________________________________ Maxim Integrated Products 1
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__________________________________________________________Pin Configurations

Call toll free 1-800-998-8800 for free samples or literature.

19-0412; Rev 0; 6/95

_____________________Selector Table

_____________Reset Trip Thresholds 

Ordering Information appears at end of data sheet.

FEATURE MAX814 MAX815 MAX816
RESET Output ✔ ✔ ✔

RESET Output ✔ ✔

Manua l Rese t ✔ ✔ ✔

VC C Rese t Voltage K , L, N , T K , L, N , T Ad justab le

Power-Fa il Monitor ✔ ✔ ✔

Low-Line De tec tor ✔

Wa tchdog C ircuit ✔

MAX814/MAX815

K 4.75 4.85
L 4.65 4.75
N 4.50 4.60
T 3.00 3.06

MAX816

SUFFIX
RESET TRIP THRESHOLD
MIN (V) MAX (V)

— Ad justab le
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ABSOLUTE MAXIMUM RATINGS

ELECTRICAL CHARACTERISTICS, +5V Parts (MAX814/MAX815K, L, N)
(VC C = 4.85V to 5.5V for MAX814K/MAX815K , VC C = 4.75V to 5.5V for MAX814L/MAX815L, VC C = 4.60V to 5.5V for MAX814N/
MAX815N , TA = TMIN to TMAX, unless otherwise noted .)

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device . These are stress ratings only, and functiona l
operation of the device at these or any other cond itions beyond those ind icated in the operationa l sections of the spec ifications is not imp lied . Exposure to
absolute maximum rating cond itions for extended periods may affect device re liab ility.

Termina l Voltage (with respec t G ND)
VC C ....................................................................-0.3V to +6.0V
A ll O ther Pins (Note 1) ........................... -0.3V to (VC C + 0.3V)

Termina l Current (PFI, RESET IN , MR) ................................10mA
Termina l Current (a ll other p ins) .........................................20mA
Continuous Power D issipa tion (TA = +25°C)

Plastic DIP (dera te 9.09mW/°C above +70°C) ............727mW
SO (dera te 5.88mW/°C above +70°C) .........................471mW

O pera ting Tempera ture Ranges
Commerc ia l .........................................................0°C to +70°C 
Extended ...........................................................-40°C to +85C

Storage Tempera ture Range .............................-65°C to +125°C

MAX814K , VC C rising

MAX814_E , VC C fa lling

MAX814_C , VC C fa lling

MAX814_C , MAX815_C

MAX815 (Note 1)

WDI = VC C or WDI = 0V

MAX814_E , MAX815_E

MAX815, VC C = 5.0V

MAX814_C , MAX815_C

MAX815

MAX815

MAX814

MAX814_E/MAX815_E, VCC = 1.2V, ISINK = 100µA

MAX814_C/MAX815_C , VC C = 1.0V, ISINK = 50µA

MAX814_E , MAX815_E

MAX814K , MAX815K

MAX814L, MAX815L

ISINK = 3.2mA

MAX814N , MAX815N

ISO URC E = 800µA

CONDITIONS

4.93

mV
48 73

ΔVLL
LOW LINE to RESET D ifferentia l
Threshold

50 70

µs1tWD OMR to WD O H igh De lay

µA-1.0 1.0IWDIWDI Input Current

V
2.4

VWDIWDI Input Threshold
0.8

ns50tWPWDI Pulse Wid th

sec1.12 2.00tWDWa tchdog Timeout Period

V

0.3

RESET, WD O , PF O , LOW LINE
Output Voltage 0.3

0.4

VOL

VC C -1.5VO H

75

V
1.2 5.5

VC C
1.0 5.5

O pera ting Voltage Range

V
0.4VOL

RESET Output Voltage
VC C -1.5VO H

ms140 200 250tRSRese t Pulse Wid th

mV0VRTRese t Threshold Hysteresis

µA
85

ISUPPLYSupp ly Current

4.75 4.85

4.65 4.75 V

4.50 4.60

VRTRese t Threshold

UNITSMIN TYP MAXSYMBOLPARAMETER

MAX814L, VC C rising 4.83VLLT

MAX814N , VC C rising 4.68

VLOW LINE Threshold

ISO URC E = 800µA

ISINK = 3.2mA

Low

H igh
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ELECTRICAL CHARACTERISTICS, +5V Parts (MAX814/MAX815K, L, N) (continued)
(VC C = 4.85V to 5.5V for MAX814K/MAX815K , VC C = 4.75V to 5.5V for MAX814L/MAX815L, VC C = 4.60V to 5.5V for MAX814N/
MAX815N , TA = TMIN to TMAX, unless otherwise noted .)

ELECTRICAL CHARACTERISTICS, +3V Parts (MAX814/MAX815T, MAX816)
(VC C = 3.06V to 5.5V for MAX814T/MAX815T and MAX816, TA = TMIN to TMAX, unless otherwise noted .)

0°C to +70°C

-40°C to +85°C

0°C to +70°C

MAX815T

TA = -40°C to +85°C , VC C = 1.2V, ISINK = 100µA

TA = 0°C to +70°C , VC C = 1.0V, ISINK = 50µA

MAX816

-40°C to +85°C

0°C to +70°C

-40°C to +85°C

VRT(max)<VC C <3.6V

CONDITIONS

ISO URC E = 500µA

sec1.12 2.00tWDWa tchdog Timeout Period

0.3

ISINK = 1.2mA

0.3

0.3

VOL

0.8 x VC CVO H

75

V
1.2 5.5

VC C
1.0 5.5

O pera ting Voltage Range

0.3VOL

0.8 x VC CVO H

ms140 200 250tRSRese t Pulse Wid th

nA-15 6 35IRTRESET IN Input Current

µA
85

ISUPPLYSupp ly Current

3.00 3.06

3.00 3.08
VVRTRese t Threshold

UNITSMIN TYP MAXSYMBOLPARAMETER

MAX816C

MAX816E

1.683 1.700 1.717

1.678 1.700 1.722
VVRTRESET IN Threshold

mV0VRTRese t Threshold Hysteresis

ISO URC E = 800µA

ISINK = 3.2mA

V

0.4VOL

RESET Output Voltage
VC C -1.5VO H

VRT(max)<VC C <3.6V;
MAX814T, MAX816

4.5V<VC C <5.5V;
MAX814T, MAX816

ISO URC E = 500µA

ISINK = 1.2mAVOL

RESET, WD O , PF O , LOW LINE
Output Voltage V4.5V<VC C <5.5V

0.4

VC C -1.5VO H ISO URC E = 800µA

ISINK = 3.2mAVOL

CONDITIONS

MR Input Threshold
V MRHI H igh 0.7 x VC C

V

MR to RESET Out De lay tMD (Note 3) 250 ns

PFI Input Threshold VPFI VC C = 5.0V 2.45 2.50 2.55 V

PFI Input Current IPFI

UNITSMIN TYP MAXSYMBOLPARAMETER
MR Pull-Up Current IMR MR = 0V 70 240 µA

MR Pulse Wid th tMR 150 ns

V MRLO Low 1.1

-15.00 6.0 35.00 nA

LOW LINE , PF O , WD O
Assertion De lay (Note 2) 200 µs
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ELECTRICAL CHARACTERISTICS, +3V Parts (MAX814/MAX815T, MAX816) (continued)
(VC C = 3.06V to 5.5V for MAX814T/MAX815T and MAX816, TA = TMIN to TMAX, unless otherwise noted .)

VC C rising

VC C fa lling , MAX814TE

VC C fa lling , MAX814TC

MAX815T (Note 1)

WDI = VC C or 0V, MAX815T

VRT(max)<VC C <3.6V;
MAX815T

MAX815T

Low

CONDITIONS

3.163

MR Input Threshold

mV
48 73

ΔVLL
LOW LINE to RESET D ifferentia l
Threshold

50 70

V MRHI H igh

µs1tWD OMR to WD O H igh De lay

µA-1.0 1.0IWDIWDI Input Current

V
0.7 x VC C

0.8

0.7 x VC C
V

100
tWPWDI Pulse Wid th

H igh

MR to RESET Out De lay tMD
VRT(max)<VC C <3.6V; (Note 3) 750

PFI Input Threshold VPFI VC C = 3.3V, 5V 1.666 1.700 1.734 V

PFI Input Current IPFI

UNITSMIN TYP MAXSYMBOLPARAMETER

VLLT V

MR Pull-Up Current IMR MR = 0V
70 240

µA

MR Pulse Wid th tMR
VRT(max)<VC C <3.6V 500

ns

V MRLO Low 1.1

-15.00 6.0 35.00 nA

LOW LINE Threshold

504.5V<VC C <5.5V

VRT(max)<VC C <3.6V

VC C = 5.0V; MAX815T
Low

2.4

VWDIWDI Input Threshold
0.8

H igh

110 370

4.5V<VC C <5.5V 150

4.5V<VC C <5.5V, (Note 3) 250
ns

VRT(max)<VC C <3.6V

4.5V<VC C <5.5V

Note 1: App lies if WD O is externa lly connec ted to MR or if MR is externa lly driven.
Note 2: On power-up , de lay from rese t trip threshold crossing to va lid outputs.
Note 3: App lies to both RESET and RESET.

ns
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__________________________________________Typical Operating Characteristics
(TA = +25°C , unless otherwise noted .)
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____________________________Typical Operating Characteristics (continued)
(TA = +25°C , unless otherwise noted .)
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_______________Detailed Description
The MAX814/MAX815/MAX816 are high-accuracy, low-
power microprocessor (µP) supervisory c ircuits. They
have µP-rese t, wa tchdog-timer, and power-fa il func-
tions . Typ ica l app lica tions illustra ting the ir similarities
a n d  d i f f ere n c e s are  shown in F i g ure s 1 ,  2 ,  a n d  3 .
F igures 4, 5, and 6 show the b lock d iagrams of these
parts.

______________________________________________________________Pin Description

PIN
MAX814 MAX815 MAX816

NAME FUNCTION

1 1 1 MR
Manua l-Rese t Input. Triggers a rese t when pulled be low 1.10V. This ac tive-
low input has an interna l 150µA pull-up current to VC C , and can be driven
with CMOS log ic or shorted to G ND with a switch or transistor.

2 2 —
Positive Power-Supp ly Input. When VC C is be low the rese t threshold 
voltage*, RESET is low, and rema ins low for a minimum of 140ms a fter 
it rises above the threshold .

— — 2

VC C

Positive Power-Supp ly Input. On the MAX816, RESET is controlled by
RESET IN , not VC C .

3 3 3 G ND Ground

4 4 4 PFI
Power-Fa il Input. The PFI threshold voltage is 1.70V on the MAX816 and on
MAX814/MAX815 parts with the T suffix. It is 2.50V on MAX814/MAX815
parts with K , L, and N suffixes. Connec t PFI to G ND or VC C when not used .

5 5 5 PF O Power-Fa il Output. When PFI is be low its threshold , PF O is low; 
otherwise it is high.

— 6 — WDI
Wa tchdog CMOS Input. If WDI rema ins high or low for more than 1.56sec ,
the wa tchdog timer times out, and WD O goes low. The timer is rese t to 
zero on each WDI transition.

6 — — LOW LINE
Low-Line Output. Norma lly high, LOW LINE goes low when VC C fa lls 60mV
above the rese t threshold . It re turns high as soon as VC C rises above the
low-line threshold .

— — 6 RESET IN
Rese t Compara tor Input. Re ference is 1.70V. When RESET IN is be low
1.70V, RESET is low, and rema ins low for a minimum of 140ms a fter it rises
above the re ference .

7 7 7 RESET Rese t Output. Norma lly high, ac tive low. Controlled by MR and rese t 
compara tor.

8 — 8 RESET Rese t Output. Ac tive high. The inverse of RESET.

— 8 — WD O

Wa tchdog Output. Norma lly high, WD O goes low whenever the VC C rese t
threshold compara tor input voltage is low or when the wa tchdog timer
times out. There is no apprec iab le de lay going e ither d irec tion when the
VC C threshold compara tor togg les.

*Rese t Threshold Voltage is de termined by part number suffix:  K = 4.80V, L = 4.70V, N = 4.55V, T = 3.03V.
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MAX814K/L/N

VCC

+5V+3.3V

PFI

MR

PFO

GND

RESET

RESET

MAX814

VCC

VCC

+12V SUPPLY

GND

MANUAL�
RESET�
INPUT

PFI

MR

RESET

µP

RESET

NMI

INTERRUPT

LOW LINE

PFO

RESET

MAX816

VCC

VCC

VRT

+12V SUPPLY

GND

MANUAL�
RESET�
INPUT

PFI

ON POWER-UP, RESET IS LOW UNTIL VCC > 2.8V.

R1

R2
MR

RESET IN

µP

RESET

INTERRUPT

RESET

PFO

RESET

MAX815

VCC

VCC

+12V SUPPLY

GND

MANUAL�
RESET�
INPUT

PFI

MR

RESET

µP

RESET

I/O LINE

NMI

INTERRUPT

WDI

WDO

PFO

F igure 1a .  Typ ica l App lica tion for Dua l +3.3V and +5V Systems F igure 1b .  MAX814 Typ ica l App lica tion

F igure 2.  MAX815 Typ ica l App lica tion F igure 3.  MAX816 Typ ica l App lica tion



Reset Output
A  µP ’s re s e t  in p u t  s t ar ts th e  µP in a  known s t a t e .
Whenever the µP is in an unknown sta te , it should be
he ld in reset. The MAX814/MAX815/MAX816 assert reset
during power-up , power-down, or brownout cond itions. 
On power-up , once VC C reaches 1V, RESET is a guar-
anteed log ic low of 0.4V or less. As VC C rises, RESET
stays low. As VC C rises above the rese t threshold , an
interna l timer re leases RESET a fter 200ms. RESET a lso
pulses low whenever VC C d ips be low the rese t thresh-
old (i.e ., brownout cond ition). If brownout occurs in the
midd le of a previously initia ted rese t, the interna l timer
is rese t and the output rema ins low for a t least another
140ms a fter the brownout ends. On power-down, once
VC C fa lls be low the rese t threshold , RESET stays low
and is guaranteed to be less than 0.3V until VC C drops
be low 1V.
The MAX814 and MAX816 a lso offer active-high RESET
outputs. They are the inverse of the RESET outputs.
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MAX814

RESET�
GENERATOR

RESET THRESHOLD

POWER- FAIL THRESHOLD

60mV

1
150µA

8

7

6

5

MR

RESET

RESET

LOW LINE

PFO

VCC

PFI

2

4

GND3

MAX815

TIMEBASE

RESET THRESHOLD

POWER-FAIL THRESHOLD

150µA

6
8

7

5

MR

VCC

WDO

RESET

PFO

WDI

PFI

2

1

4

GND3

RESET�
GENERATOR

WATCHDOG�
TIMER

WATCHDOG�
TRANSITION�
DETECTOR

MAX816

RESET�
GENERATOR

1.70V

1.70V

1

2

150µA
8

7

5

MR

VCC

RESET

RESET

PFO

RESET IN

PFI

6

4

GND3

F igure 4.  MAX814 B lock D iagram F igure 5.  MAX815 B lock D iagram

F igure 6.  MAX816 B lock D iagram
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Th e  M A X814/M A X815 h a v e  f ix e d ,  f a c tory-s e t  re s e t
thresholds, signified by the first suffix le tter in the part
numb er (se e F igure 7 for more in forma t ion on rese t
ranges). The MAX816 has an ad justab le reset threshold .
MAX814/MAX815 K-suffix parts have a minimum rese t
threshold se t to 4.75V, worst case . They are intended
for 5.0V systems with a ±4% or be tter power-supp ly tol-
erance design tha t must mee t worst-case system para-
me ters over time , tempera ture , line , and load varia tions.
Typ ica lly , the rese t threshold (VRT) is grea ter than or
e qua l to the m in imum IC  op era ting vo lta g e (VIC MIN).
The “K” series 1%-to leranc e rese t thresho ld a llows a
larg er rang e of power-sup p ly to leranc e . System IC s

th a t  h a v e  a  t i g h t  o p era t in g  su p p ly ra n g e ,  l ik e  th e
386/486 µPs , ne e d a  RESET in it ia t e d a t a  m in imum
threshold of 4.75V, worst case . 
L-suffix p arts have a m in imum rese t thresho ld se t to
4.65V, worst case . They are intended for 5.0V systems
with a ±5% power-supp ly tolerance . Typ ica lly, the rese t
threshold is less than or equa l to the minimum power-
sup p ly vo lt a g e ,  a l low ing sys t em op era t ion over the
comp le te power-sup p ly rang e . A rese t is in itia te d a t
4 .75V max imum . The 1% “L” vers ion max im iz es the
System IC Guard-Band Range .
N-suffix p arts have a m in imum rese t thresho ld se t to
4.50V, worst case . They are intended for 5.0V systems
with a ±10% IC system. Typ ica lly, the rese t threshold

±1% Accuracy, Low-Power, +3V and +5V 
µP Supervisory Circuits
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4.5 4.75

4.85

5.0 5.25 5.5V

IC OPERATING RANGE�
�

RESET LIMITS “K”�
(4.8V ±1%)

POWER-SUPPLY RANGE�
(5.05V ±2%)

VRT > VIC(MIN)�
DESIGNED TO MEET WORST-�
CASE DESIGN PARAMETERS.

4.5 4.75

4.65

5.0 5.25 5.5V

IC OPERATING RANGE

RESET LIMITS “L”�
(4.7V ±1%)

POWER-SUPPLY RANGE�
(5V ±5%)

VRT < VPS(MIN)�
DESIGNED TO ALLOW OPERATION�
OVER THE FULL POWER-SUPPLY RANGE.

4.5 4.75

4.60

5.0 5.25 5.5V

IC OPERATING RANGE

RESET LIMITS “N”�
(4.55V ±1%)

POWER-SUPPLY RANGE�
(5V ±5%)

VRT > VIC(MIN)�
DESIGNED TO MEET WORST-�
CASE DESIGN PARAMETERS.

3.0

3.06

3.3 3.6V

IC OPERATING RANGE

RESET LIMITS “T”�
(3.03V ±1%)

POWER-SUPPLY RANGE�
(3.33V ±0.26%)

VRT > VIC(MIN)�
DESIGNED TO MEET WORST-�
CASE DESIGN PARAMETERS.

F igure 7a .  K Suffix Design Range F igure 7b .  L Suffix Design Range

F igure 7c .  N Suffix Design Range F igure 7d .  T Suffix Design Range



(VRT) is grea ter than or equa l to the minimum IC opera t-
ing voltages (VICMIN). The 1% “L” series a llows the use
of a  5V ± 5% power sup p ly , and guarante es system
opera tion over worst-case cond itions, maximiz ing the
Power-Supp ly Guard-Band Range .
T-suffix p arts have a m in imum rese t thresho ld se t to
3.00V, worst case . They are intended for 3.3V systems
(3.33V ±0.26V) with a 7.8% or be tter power-supp ly tol-
erance . Typ ica lly, the rese t threshold (VRT) is grea ter
than or e qua l to the m in imum IC  op era ting vo lta g es
(VICMIN).
The MAX816 has an ad justab le rese t threshold , se t with
an externa l resistive d ivider (F igure 3). The voltage on
the RESET IN p in is monitored , not the voltage on VC C .
The RESET IN threshold is 1.700V, and has very high
impedance and 35nA maximum leakage . C a lcula te the
trip point, VRT, as follows:

where VRT = the d es ire d rese t thresho ld , VRIT is the
RESET IN thresho ld (1 .700V), R1 is the res istor con-
ne c t e d  b e twe en VRT and RESET IN ,  and  R2 is the
resistor connec ted be tween RESET IN and G ND .
Resistors R1 and R2 can have very high va lues. The
usua l procedure is to se t R2 to some conveniently high
va lue (100kΩ, for examp le) and ca lcula te R1 based on
the desired rese t threshold , using the following formula:

The MAX816 can achieve ±1.2% accuracy with 0.1%
resistors.

Watchdog Timer (MAX815)
The watchdog c ircuit monitors the µP’s activity. If the µP
does not tog g le the wa tchdog input (WDI) w ith in the
watchdog timeout period (tWP), WD O goes low (F igure
8) .  W D O a l s o  g o e s  l o w d ur i n g  r e s e t  c o n d i t i o n s .
Whenever VC C is be low the reset threshold , WD O stays
low; however, unlike RESET, WD O does not have a mini-
mum pulse width. As soon as VC C rises above the reset
threshold , WD O goes high with no de lay (F igure 9).
Typ ica lly, WD O is connec ted to the non-maskab le inter-
rup t (NMI) of a µP. When VC C drops be low the rese t
threshold , WD O goes low whe ther or not the wa tchdog
timer has timed out (F igure 9). This would norma lly trig-
ger an NMI interrup t, but RESET goes low simultane-
ously and thus overrides the NMI interrup t.
Connec ting WD O to MR enab les the wa tchdog timeout
to genera te a rese t in the MAX815.

Early Power-Fail Warning
Critica l systems often require early warning to ind ica te
when power is fa iling . This warning provides time for
the µP to store vita l da ta and take care of any add itiona l
“housekeep ing” be fore the power supp ly ge ts too far
out of tolerance for the µP to opera te re liab ly.

Power-Fail Comparator
The power-fa il compara tor is intended as an undervolt-
age de tec tor to signa l a fa iling power supp ly. However,
the compara tor does not need to be ded ica ted to this
func tion , b e c ause it is comp le te ly se p ara te from the
rest of the c ircuitry. To build an early-warning c ircuit for
power fa ilure , connec t the PFI p in to a voltage d ivider
(see F igures 1, 2, and 3). Choose the voltage d ivider
ra tio, so the voltage a t PFI fa lls be low VPFI just be fore
the monitored voltage drops out. Use PF O to interrup t
the µP, so it can prepare for an orderly power-down.
The power-fa il input (PFI) is comp are d to an interna l
re ference . If the voltage on PFI is less than the power-
fa il re ference , PF O sinks a t least 1.2mA to G ND; other-
wise it sources a t least 300µA from VC C . The re ference
is 2.50V in the MAX814/MAX815 with K , L, N suffixes, or
1.70V with the T suffix. It is a lso 1.70V in the MAX816.

LOW LINE Output (MAX814)
The low-line d e te c tor is a  se p ara te comp ara tor tha t
monitors VC C with a typ ica l threshold voltage of 60mV
above the norma l rese t threshold , with 2mV of hystere-
sis (F igure 9). If VC C rises faster than 10µs/V, insert a
100p F c a p a c itor from L O W LIN E to G N D to ensure
proper start-up . For norma l opera tion (VC C above the
rese t threshold), LOW LINE is pulled to VC C . Use LOW
LINE to provide an NMI to the µP when power beg ins to
fa ll. In most ba ttery-opera ted portab le systems, reserve
energy in the ba ttery provides amp le time to comp le te
th e  shu t d own rou t in e  on c e  th e  low- l in e  w arn in g  is
encountere d , and b e fore rese t asserts . If the system
must a lso contend with a more ra p id VC C fa ll time—
such as when the ma in b a ttery is d isconne c te d or a
h i g h-s i d e  sw i t c h is o p e n e d  d ur in g  o p era t ion—us e
capac itance on the VC C line to provide time to execute
the shutdown routine . F irst, c a lcu la te the worst-c ase
time required for the system to perform its shutdown
ro u t i n e .  T h e n  u s e  t h e  w ors t- c a s e  s h u t d o w n t i m e
(tSHDN), worst-case load current (ILO AD), and minimum
low-line to rese t threshold (VLR) to ca lcula te the amount
of capac itance required to a llow the shutdown routine
to comp le te be fore rese t is asserted . 

C
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VH O L D
L O A D SH D N
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=

×

R R V VRT RIT1 2 1= × ( ) −[ ]/
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V R R
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=
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where C H OLD is the capac itance (in Farads), ILO AD is
t h e  c urr e n t  b e i n g  d r a i n e d  from t h e  c a p a c i t or ( i n
Amperes), and VLR is the low-line to rese t threshold d if-
ference (in Volts).

Manual Reset
Many µP-based produc ts require manua l-rese t capab il-
ity, a llowing the opera tor, a test technic ian, or externa l
log ic c ircu itry to in it ia t e a  rese t . A  log ic low on MR
asserts rese t. Rese t rema ins asserted while MR is low,
and for tRS (200ms) a fter MR re turns high. This input
has an interna l pull-up resistor, so it can be le ft open if
not used . MR can be driven with TTL/CMOS-log ic lev-
e ls or with open-dra in/collec tor outputs.
Connec t a norma lly open momentary switch from MR to
G N D  t o c r e a t e  a  m a n u a l-r e s e t  f un c t i on;  e x t e rn a l
debounce c ircuitry is not required .
The wa tchdog c ircuit can be used to force a rese t in
the MAX815 by connec ting WD O to MR. If MR is driven
from long cab les, or the device is used in a noisy envi-
ronment, connec t a 0.1µF capac itor to ground to pro-
vide add itiona l noise immunity.

__________Applications Information
Low-Voltage Operation

The LOW LINE, PF O , and WD O outputs will be locked to
log ic low when the power supp ly drops be low the lock-
out threshold (typ ica lly 1V be low the reset threshold).

Ensuring a Valid 
RESET Output Down to VCC = 0V

When VC C fa lls be low 1V, the RESET output no longer
s inks c urre n t ,  b u t  b e c om e s a n o p e n c irc u i t .  H i g h-
imp e d anc e C M O S-log ic inpu ts c an drift to und e ter-
mined voltages if le ft undriven. If a pull-down resistor is
a d d e d to the RESET p in as shown in F igure 10 , any
s tray charg e or le aka g e curren ts w i l l b e  dra ine d to
ground , ho ld ing RESET low . Res istor va lue R1 is not
critica l. It should be about 100kΩ—large enough not to
l o a d  R E S E T ,  a n d  s m a l l  e n o u g h  t o  p u l l  R E S E T t o
ground .

±1% Accuracy, Low-Power, +3V and +5V 
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F igure 9.  Timing D iagram

ΔVLLVCC

0

0

0

VCC

VCC

VCC

VLLT

60mV

VRT

VRT

tRS

tMR

tMD

tRS

LOW LINE�
(MAX814)

WDO�
(MAX815)

MR

RESET

F igure 8.  MAX815 Wa tchdog Timing

VCC

0V

VCC

0V

VCC

0V

VCC

0V

MR

WDI

WDO

RESET

RESET

tWDtWP tWD tWDtWDO



Monitoring Voltages Other than VCC
Monitor voltages other than the V C C by connec ting a
voltage d ivider to PFI and ad justing the ra tio appropri-
a te ly. If required , add hysteresis by connec ting a resis-
tor (with a va lue approxima te ly 10-times the sum of the
two resistors in the potentia l d ivider ne twork) be tween
PFI and PF O . A capac itor be tween PFI and G ND will
re duc e the power-fa il c ircu it’s sens itiv ity to h igh-fre-
quency noise on the line be ing monitored . RESET can
be asserted on other voltages in add ition to the +5V
VC C line . Connec t PF O to MR to initia te a rese t when
PFI drops be low 2.50V (K , L, N suffix) or 1.70V (T suffix
or M A X816) .  F i g ure  11  shows t h e  M A X814 K /L / N /
MAX815K/L/N conf igure d to assert RESET when the
+5V supp ly fa lls be low the rese t threshold , or when the
+12V supp ly fa lls be low approxima te ly 11V.

Monitoring a Negative Voltage
The power-fa il compara tor can a lso monitor a nega tive
supp ly ra il (F igure 12). When the nega tive ra il is good
(a ne g a tive vo lta g e of larg e ma gn itud e), PF O is low .
When the negative ra il is degraded (a negative voltage
of lesser magnitude), PF O is high. By add ing the resis-
tors and transistor as shown, a high PF O triggers reset.
As long as PF O rema ins h igh , the MAX814/MAX815/
MAX816 will keep reset asserted (RESET = low, RESET
= high). Note that this c ircuit’s accuracy depends on the
PFI threshold tolerance , the VC C line , and the resistor.

Watchdog Software Considerations
A way to he lp the wa tchdog timer keep c loser tabs on
software exe cution invo lves se tting and rese tting the
w a t c h d o g  in p u t  a t  d i f f ere n t  p o in ts in th e  pro gra m ,
ra ther than pulsing the wa tchdog input high-low-high or
low-high-low. This technique avoids a stuck loop where
the wa tchdog t imer cont inues to b e rese t w ith in the
loop , keep ing the wa tchdog from timing out. F igure 13
shows an examp le flow d iagram where the I/O driving
the wa tchdog input is se t low a t the beg inning of the
program, se t high a t the beg inning of every subroutine ,
then se t low a t the end of every subroutine . If the pro-
gram should hang in any subroutine , the I/O is continu-
a lly se t high and the wa tchdog timer is a llowed to time
out, causing a rese t to be issued .
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MAX814�
MAX815�
MAX816

RESET

R1

MAX814K/L/N�
MAX815K/L/N

RESET

100k�
1%

PARAMETER MIN TYP MAX UNIT
+12V Rese t�
Threshold a t +25°C

10.57 11.00 11.45 V

340k�
1%

+5V+12V

VCC

PFI
GND

MR

PFO

TO µP

F igure 10.  RESET Va lid to Ground C ircuit F igure 11.  Monitoring Both +5V and +12V
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Negative-Going VCC Transients
In add ition to issuing a rese t to the µP during power-up ,
power-down , and brownout cond itions , the MAX814/
MAX815/MAX816 series is re la tive ly immune to short
dura tion nega tive-going V C C transients (g litches). The
Typ i c a l O p era t ing C hara c t eris t i cs show a  gra ph o f
Max imum Trans i en t Dura t ion vs .  Rese t C omp ara tor
O verdrive ,  for wh i ch a  re se t is no t g enera t e d .  The
graph was made using a nega tive-going pulse app lied
to VC C , starting 1.5V above the ac tua l rese t threshold
and end ing be low it by the magnitude ind ica ted (rese t
compara tor overdrive). The graph ind ica tes the typ ica l
maximum pulse wid th a nega tive-going V C C transient
may have without causing a rese t pulse . As the magni-
tude of the transient increases (goes further be low the
rese t thresho ld), the max imum a llowa b le pu lse w id th
decreases. Typ ica lly, a VC C tha t goes 100mV be low the
rese t threshold and lasts 30µs or less will not cause a
rese t pulse to be issued .
A 0.1µF bypass capac itor mounted as c lose as possib le
to p in 2 (VC C) provides add itiona l transient immunity.

Interfacing to µPs 
with Bidirectional Reset Pins

µPs with b id irec tiona l rese t p ins, such as the Motorola
68H C 11 series , c an c ause a conflic t w ith the RESET
output. If, for examp le , the RESET output is driven high
and the µP wants to pull it low, inde termina te log ic lev-
e ls may result. To correc t this, connec t a 4.7kΩ resistor
be tween the RESET output and the µP rese t I/O , as in
F igure 14 . Bu ffer the RESET ou tpu t to o ther sys tem
components.

±1% Accuracy, Low-Power, +3V and +5V 
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F igure 12.  Monitoring a Nega tive Voltage

F igure 13.  F low Chart of WDI Imp lementa tion

MAX814�
MAX815�
MAX816

RESETR2

R1

+5V

V-

VCC

PFI

GND

MR

PFO

TO µP

100k

100k
2N3904

MR

PFO

+5V

0V

+5V

0V

VTRIP 0VV-

VPFT = 2.5V (K, L, N); 1.70V (T AND MAX816)

5 - 2.5  
=

   2.5 - VTRIP , VTRIP
 < 0V�

   R1               R2

BEGIN PROGRAM

SET LOW�
WDI

SET HIGH�
WDI

SUBROUTINE

SET LOW�
WDI

YES

NO

RETURN

F igure 14.  Interfac ing to µPs with B id irec tiona l Rese t I/O

MAX814�
MAX815�
MAX816

BUFFERED RESET TO OTHER SYSTEM COMPONENTS

4.7k

VCC

GND

RESET

VCC

GND

RESET

µP
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______________Ordering Information ___________________Chip Information 
PART* TEMP. RANGE PIN-PACKAGE

MAX814_CPA 0°C to +70°C 8 Plastic DIP
MAX814_CSA 0°C to +70°C 8 SO
MAX814_EPA -40°C to +85°C 8 Plastic DIP
MAX814_ESA -40°C to +85°C 8 SO

MAX816CPA 0°C to +70°C 8 Plastic DIP
MAX816CSA 0°C to +70°C 8 SO
MAX816EPA -40°C to +85°C 8 Plastic DIP
MAX816ESA -40°C to +85°C 8 SO

* The MAX814/MAX815 offer a choice of reset threshold voltage .
From the Reset Trip Threshold tab le , se lect the suffix corre-
spond ing to the desired threshold and insert it into the b lank to
comp lete the part number.

MAX815_CPA 0°C to +70°C 8 Plastic DIP
MAX815_CSA 0°C to +70°C 8 SO
MAX815_EPA -40°C to +85°C 8 Plastic DIP
MAX815_ESA -40°C to +85°C 8 SO

TRANSISTOR C O UNT:  744

_____________Reset Trip Thresholds 

MAX (V)

3.063.00T
4.604.50N
4.754.65L
4.854.75K

MAX814/MAX815

MIN (V)
RESET TRIP THRESHOLD

MAX816

SUFFIX

Ad justab le—
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________________________________________________________Package Information

DIM  
A 
A1 
A2 
A3 
B 
B1 
C 

D1 
E 

E1 
e 

eA 
eB 
L

MIN 
– 

0.015 
0.125 
0.055 
0.016 
0.045 
0.008 
0.005 
0.300 
0.240 
0.100 
0.300 

– 
0.115

MAX 
0.200 

– 
0.175 
0.080 
0.022 
0.065 
0.012 
0.080 
0.325 
0.310 

– 
– 

0.400 
0.150

MIN 
– 

0.38 
3.18 
1.40 
0.41 
1.14 
0.20 
0.13 
7.62 
6.10 
2.54 
7.62 

– 
2.92

MAX 
5.08 

– 
4.45 
2.03 
0.56 
1.65 
0.30 
2.03 
8.26 
7.87 

– 
– 

10.16 
3.81

INCHES MILLIMETERS

Plastic DIP 
PLASTIC 

DUAL-IN-LINE 
PACKAGE 
(0.300 in.)

DIM  
D 
D 
D 
D 
D 
D

PKG.  
P 
P 
P 
P 
P 
N

MIN 
0.348 
0.735 
0.745 
0.885 
1.015 
1.14

MAX 
0.390 
0.765 
0.765 
0.915 
1.045 
1.265

MIN 
8.84 
18.67 
18.92 
22.48 
25.78 
28.96

MAX 
9.91 
19.43 
19.43 
23.24 
26.54 
32.13

INCHES MILLIMETERS
PINS

8 
14 
16 
18 
20 
24

C

A A2

E1D

E

eA
eB

A3

B1
B

0° - 15°A1L

D1

 

e

21-0043A

DIM  
A 
A1 
B 
C 
E 
e 
H 
L

MIN 
0.053 
0.004 
0.014 
0.007 
0.150 

 
0.228 
0.016

MAX 
0.069 
0.010 
0.019 
0.010 
0.157 

 
0.244 
0.050

MIN 
1.35 
0.10 
0.35 
0.19 
3.80 

 
5.80 
0.40

MAX 
1.75 
0.25 
0.49 
0.25 
4.00 

 
6.20 
1.27

INCHES MILLIMETERS

21-0041A

Narrow SO 
SMALL-OUTLINE 

PACKAGE 
(0.150 in.)

DIM  
D 
D 
D

MIN 
0.189 
0.337 
0.386

MAX 
0.197 
0.344 
0.394

MIN 
4.80 
8.55 
9.80

MAX 
5.00 
8.75 

10.00

INCHES MILLIMETERS
PINS

8 
14 
16

1.270.050

L

0°-8°

HE

D

e

A

A1 C

0.101mm 
0.004in.

B


