DESIGN FEATURES LT

Dual/Triple Power Supply Monitor for
Undervoltage and Overvoltage on
Positive and Negative Supplies

Introduction

An accurate power supply monitor
can signal when a supply overvoltage
or undervoltage condition threatens
to cause system failures, allowing
the system to deal with the situation
gracefully.

The LTC2909 is a highly cus-
tomizable monitoring solution with
adjustable input thresholds, input
polarity selection, a multimode reset
timer, and an open-drain RST output.
Adjustable input thresholds allow the
user to set any trip threshold for the
comparator, subject only to the ac-
curacy limitations of the part, instead
of having to pick from a factory-set
limited collection of thresholds.

Each adjustable input can be
configured in either polarity, allow-
ing it to monitor negative or positive
supply voltages for undervoltage or
overvoltage. Polarity selection is con-
trolled by simple connection of the
SEL pin—no external components
required.

The multimode timer pin can be
configured a number of ways to suit
a large variety of applications, allow-
ing full control over the reset timeout,
elimination of the external timing
capacitor, or removal of the timeout
altogether. The RST pin is an open-
drain output—it can be pulled up to
an appropriate voltage for the device
receiving the RST signal, independent
of the supply for the LTC2909. The
output can be wired-OR connected
with other supervisors or other open-
drain logic, allowing any of a number
of conditions to issue a reset.

Minimal Space Required

Figure 1showshow the LTC2909, with
just a few components, can monitor
a 24V supply for both undervoltage
and overvoltage. Almost any two re-
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Figure 1. A 24V undervoltage
and overvoltage monitor

set conditions in any system can be
monitored by appropriate connection
of the LTC2909. The small size of the
LTC2909 (available in 8-pin 3mm x
2mm DFN and TSOT-23 packages)
keeps the monitoring solution small,
and the high accuracy of the part keeps

by Andrew Thomuas

Any Polarity,

Undervoltage or Overvoltage
The most common application of a
supply monitor is determining when
a positive supply is below some criti-
cal threshold required for the proper
operation of powered devices. Less
common, but no more difficult for the
LTC2909, are scenarios that require
negative supply monitoring, or de-
termining when the voltage exceeds
some value beyond which functionality
might be impaired or powered devices
damaged.

The connection of the SEL three-
state input pin determines whether
each of the ADJ input comparators is
configured as positive-polarity (input
must be above the threshold or RST
isasserted low) or as negative-polarity
(input must be below the threshold or

The two adjustable inputs
can be configured in
either polarity, allowing
the LTC2909 to monitor
negative or positive supply
voltages for undervoltage
or overvoltage. Polarity
selection is controlled by
simple connection of the SEL
pin—no external
components required.

system uptime high without sacrificing
reliability. The separate V¢ pin of the
LTC2909 incorporates a shuntregula-
tor, which allows the part to be powered
from any high availability supply, even
a high voltage rail. Furthermore, the
low quiescent current consumed by
the LTC2909 makes it suitable for
low power applications like battery-
powered handheld devices.

RST is asserted low). Inputs that are
configured as negative-polarity are
useful for resetting when the monitored
voltage is more positive (or less nega-
tive) than it should be. In other words,
a negative-polarity input can monitor
a positive supply for overvoltage (OV)
or a negative supply for undervoltage
(UV). Similarly, a positive-polarity in-
put is useful for issuing a reset when
the monitored voltage is more negative
(or less positive) than it should be, so
it may monitor a positive voltage for
undervoltage or a negative voltage for
overvoltage. Conventionally, the terms
overvoltage and undervoltage refer to
the absolute value of the monitored
voltage, so a -5V supply at -4.3V is
undervoltage.

Connecting SEL to ground config-
ures both adjustable inputs asnegative
polarity. In this mode, the part may be
used as a dual negative undervoltage
monitor, or a dual positive overvoltage
monitor. If desired, it also functions as
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asingle negative undervoltage monitor
with a single positive overvoltage moni-
tor. Connecting SEL to V¢ configures
both inputs as positive polarity, useful
for dual positive undervoltage or dual
negative overvoltage monitors, as well
asasingle positive undervoltage moni-
tor with a single negative overvoltage
monitor. Finally, leaving the SEL pin
open configures ADJ1 as positive po-
larity, and ADJ2 as negative polarity.
In this configuration, the part can
monitor one positive and one negative
supply both for undervoltage, or both
for overvoltage. It canalso functionas a
window (undervoltage and overvoltage)
monitor for one positive or negative
supply. These polarity selections and
the corresponding applications are
summarized in Table 1.

Adjustable Inputs

The LTC2909 inputs are fully adjust-
able for ultimate monitoring flexibility.
Each ADJ pin connects directly to the
high-impedance input of a comparator
whose other inputis tied toan internal
500mV (nominal) reference. Setting
the threshold voltage is as simple as
connecting a resistor divider from the
supply so that the ADJ input is at
500mV when the monitored supply
is at the desired threshold. By choos-
ing the correct external resistors, the
nominal trip point can be set to any
desired value.

The typical configuration of resis-
tors for a positive supply is as shown in
Figure 2. For a negative supply, some
offset is needed to allow the resistor
tap point to lie at 500mV. This offset
is provided by the REF pin on the
LTC2909, which provides a buffered
1Vreference (with 1.5% accuracy over
the operating temperature and supply
voltage range). Thus, the typical divider
connection for a negative supply is as
shown in Figure 3. Note that positive
supplies with nominal trip points
below 500mV should be considered
“negative” for monitoring purposes
(since they require an upwards shift
to reach 0.5V). Monitoring a single
supply for UV and OV can be accom-
plished with three resistors, as shown
in Figure 4 for a positive supply and
Figure 5 for a negative supply.

Selection of resistor values is driven
by two factors: nominal trip point and
current consumption. In particular,
the selection of R1 is driven by cur-
rent consumption, and the ratio of
the other resistors to R1 determines
the trip point. If the monitored volt-
age is typically close to its nominal
trip threshold, the voltage across R1
is approximately 0.5V, so the current
consumed by the resistor divider is
about 0.5V/R1. Supplies that operate
substantially away from their thresh-
old cause the current consumption
to deviate from the estimate above by
about the same percentage by which
they deviate from the threshold.

In most applications, the current
consumption should be minimized.
However, as the current is reduced,
the impact of leakage at the tap point
on the monitoring accuracy becomes
more severe. The leakage current is
drawn from the driving-point imped-
anceat the ADJ input, so the fractional
error is approximately:

ILEAK *Rie R2/(R1 + RZ)
500mV
or for UV/OV circuits:

I.eak *(R1+R2)*R3/(R1+R2+R3)
500mV

and
I .eak ®R1¢(R2+R3) / (R1+R2+R3)
500mV

As a rule of thumb, the current in
the divider should be atleast 100 times
the expected leakage, including the
15nA maximum internal to the part
and any external leakage sources.

The rest of the resistor values are
determined by the choice of trip point.
Since the accuracy of the LTC2909
thresholds is guaranteed to 1.5% over
the operating temperature and supply
range, the trip points should usually
be set 1.5% beyond the specified op-
erating range of the monitored supply.
For example, a 5V £10% supply should
have a4.425V undervoltage trip point,
not4.5V. See the sidebar on threshold
accuracy for an explanation.

Given a desired trip point, and the
value of R1 chosen as above, it is then
possible to calculate the appropriate
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values of the rest of the resistors.
When monitoring a positive supply
for a single fault condition, the user
should choose

Vrrip —500mV
500mV

R2=R1e

Similarly, for a negative supply
(or positive supply with trip voltage
below 0.5 V),
500mV—VTR|p

500mV

Note that if the desired trip voltage
isbelow ground, the value Vygp should
be negative. The situation is slightly
more complicated when only three
resistors are used to monitor a single
supply for UV and OV. For a positive
supply with desired trip thresholds
Viripuv) and Vigpoy), the appropriate
values are

RO _Rie Vrripov) — VTRIPUY)
VTRIPUY)

R2=R1e

and

R3_Rie VrRiPY) —900mV' _ VTRip(ov)
500mV VTRIPUVY)

Table 1. SEL connection for various input polarities

ADJ1 ADJ2 SEL Pin
Positive polarity: Positive polarity: v
Positive UV or Negative OV Positive UV or Negative OV ce
Positive polarity: Negative polarity: Open
Positive UV or Negative OV Negative UV or Positive OV p
Negative polarity: Negative polarity: GND
Negative UV or Positive OV Negative UV or Positive OV

Finally, for a negative supply with
desired trip thresholds Vigpy) and
Viripov): the appropriate values are:

RO _Rie Vrripwv) = VTRIP(OV)
WV —Vrripy)

and
500mV —Vrripwy) , V= Vrripov)
500mV

R3=R1e
V= Vrripuy)
Tables 2 and 3 show suggested
values of resistors for monitoring a
number of standard supply voltages
for UV, OV or UVand OV. Table 2 gives
values for nominal supply accuracy
of 5% (6.5% trip points), and Table 3
gives values for 10% supplies (11.5%

Table 2. Suggested resistor values for 5% monitoring

Nominal 5% UV 5% 0V 5% UV and OV
Voltage R1 R2 R1 R2 R1 R2 R3
24 232k | 102M | 102k | 511M | 825k | 11.5k | 4.12M
15 115k 3.09M 200k 6.19M | 76.8k 10.7k 2.37TM
12 49.9k | 1.07M 102k 2.49M | 76.8k 10.7k 1.87M
9 115k 1.82M | 78.7k | 1.43M 162k 22.6k 2.94M
5 137k 1.15M 137k 1.33M | 76.8k 10.7k 732Kk
3.3 221k 1.15M 340k 2.05M | 76.8k 10.7k 453k
2.5 115k 422k 51.1k 221k 137k 19.1k 576k
1.8 63.4k 150k 115k 324k 82.5k 11.5K 221k
1.5 59.0k 107k 137k 301k | 76.8k | 10.7k 158k
1.2 127Kk 158k 102k 158k 187k | 26.1k 267Kk
1.0 200k 174k 100k 113k 107k | 15.0k 105k
-5 133k | 1.37M | 118k | 1.37M | 174k | 20.0K | 2.00M
-9 97.6k | 1.74M | 115k | 2.32M | 182k | 22.6k | 3.65M
-12 107k 249M | 402k | 1.07M | 40.2k | 5.11k 1.07M
-15 107k 3.09M 309k 10.2M 309k 40.2k 10.2M

trip points). In the tables, the values
of R1 have been chosen to minimize
the threshold error using standard
1% resistor values, while maintain-
ing the divider current consumption
near S5pA.

UVLO

The LTC2909 features a third high-
accuracy comparator on the V¢ pin,
which allows the part to function in
some applications as a triple sup-
ply monitor. The polarity of the V¢
comparator is fixed to be positive, so
the comparator creates an accurate
UVLO. The threshold of the UVLO is
also fixed, and is set at 11.5% below
the nominal threshold voltage speci-
fied in the part number. Versions are
available for standard logic supplies:
LTC2909-2.5for 2.5V supplies (2.175V
nominal threshold), LTC2909-3.3
for 3.3V supplies (2.921V nominal
threshold), and LTC2909-5 for 5.0V
supplies (4.425V nominal threshold).
The LTC2909-2.5 is recommended for
designs that do not want monitoring
of the V¢ pin. The UVLO then func-
tions merely to ensure that RST is
not allowed to go high while the V¢
voltage is too low to guarantee proper
accuracy of the ADJ input thresholds.
The accuracy of the UVLO threshold
is the same as the ADJ thresholds:
+1.5% guaranteed over the operating
temperature range.

Glitch Immunity

Amonitored supply generally has high-
frequency componentsridingonits DC
value. These may be caused by load
transients acting on non-zero output
impedance (whether due to supply line
impedance or regulation bandwidth),
output ripple of the supply, coupling
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from nearby high-frequency signals,
or noise. Ideally, the supply monitor
should decide whether the supply
voltage transient threatens the func-
tionality of any of the devices which
are powered by that voltage rail, and
issue areset if (and only if) it does. Un-
fortunately, a real supervisor cannot
use an omniscient algorithm to know
what exactly is connected to the bus or
how those devices respond to supply
transients. Given this, a number of
possible approaches exist, address-
ing some of the concerns related to
supply transients. These techniques
focus on eliminating two undesirable
situations that result from using a
simple comparator.

One undesirable effect that must
be prevented is rapid toggling of the
reset output (“chattering”), caused by
ripple, coupling, or noise on a supply
voltage that is near the threshold.
A common solution is to add hys-
teresis to the monitor threshold,
which prevents chattering as long as
the transient amplitude is less than
the amount of hysteresis. Adding
hysteresis effectively worsens the
threshold accuracy, thereby unnec-
essarily reducing system uptime, or
tightening the system requirements
on supply voltage. For this reason,
the LTC2909 uses other methods to
prevent chattering, and does not have
threshold hysteresis, unless the part
is configured in comparator mode,
where it would otherwise be more
susceptible to chattering than usual
(as explained below).

The primary defense against chat-
tering is the programmed reset timeout
period. If at any time during the reset
timeout the supplies become invalid,
the timer is immediately zeroed, and
starts timing again from the begin-
ning of the period when the supplies
become valid again. Thus, any time
the supply voltage is close enough to
the threshold that the amplitude of the
supply transients take the supply into
the invalid region, RST remains low as
long as the time between transients
is less than the reset timeout. That
is to say, the reset timeout prevents
transients with frequency greater
than 1/tgsr from causing undesired

Table 3. Suggested resistor values for 10% monitoring

Nominal 10% UV 10% OV 10% UV and OV
Voltage R1 R2 R1 R2 R1 R2 R3
24 102k | 4.22M 115k | 6.04M | 39.2k | 10.2k | 2.05M
15 200k | 5.11M 200k | 6.49M | 412k | 10.7k | 1.33M
12 115k | 2.32M 107k | 2.74M | 412k | 10.7k | 1.05M
9 113k 1.69M 140k | 2.67M | 73.2k | 19.1k | 1.37M
5 113k 887k 113k 1.15M 115k | 30.1k | 1.13M
3.3 221k 1.07M 294k 1.87M 226k | 59.0k | 1.37M
2.5 102k 348k 301k 1.37M | 412k | 10.7k 178k
1.8 137k 301k 86.6k 261k 63.4k | 16.5k 174k
1.5 48.7k 80.6k 43.2k 102k 511k | 13.3k 107k
1.2 137k 154k 63.4k 107k 80.6k | 21.0k 115k
1.0 200k 154k 137k 169k 174k | 45.3k 169k
-5 115k 1.13M 200k | 2.43M 115k | 24.3k | 1.37M
-9 127k | 2.15M 215k | 4.53M | 511k | 11.8k | 1.07M
-12 115k | 2.55M | 41.2k | 1.15M 130k | 30.9k | 3.57M
-15 115k | 3.16M 309k 10.7M | 475k | 11.5k | 1.62M

toggling at the reset output. Because
the timeout is defeated in comparator
mode, the LTC29009 is free to chatter
in that mode, so a small amount of
one-sided hysteresis is added to the
comparator thresholds. See “Timeout
Control” below for a description of the
hysteresis behavior.

The other concern that must be
addressed is identifying which tran-
sients cause a problem for the devices
on the supply bus. It can generally
be assumed that those devices can
continue to operate through short
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Figure 6. Allowable glitch duration
as a function of magnitude

duration excursions outside the valid
supplyregion, particularly because lo-
cal decoupling capacitors help prevent
such transients from appearing at the
devices. If possible, the supervisor
should not issue a reset during these
conditions.

Consider, for example, what hap-
pens when a system spins up a hard
drive connected to a monitored supply
bus. The bus voltage briefly dips, pos-
sibly falling outside the valid region,
and then returns, approximately, to
its previous value. This is normal,
expected behavior, and a microproces-
sor that is also connected to that bus
should function normally through the
transient (otherwise there is noway the
system can ever safely use the hard
drive). The supply monitor should not
issue a reset to the microcontroller
during such a transient.

To solve this problem, the LTC2909
haslow-passfiltering on the compara-
tor outputs, so that short duration
glitches on the monitored supply are
not passed through to the control logic.
For most systems, the response of
the system to a glitch depends on the
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energy contained in the glitch, rather
than just the voltage amplitude of
the glitch. The duration of the glitch
also factors into that energy, so the
probability of a failure increases as
the duration of the glitch increases
(e.g. a 20% glitch on the supply may
only be tolerable for 100ps, whereas
a 5% glitch is tolerable for 1ms). The
filtering on the LTC2909 comparators
reflects this tendency. Figure 6 shows
a typical curve of the maximum glitch
duration that does not result in the
LTC2909 issuing a reset, versus the
percentage amount the glitch goes into
the invalid region.

Some of these concerns can be exac-
erbated by circuit board layout, soitis
alsoimportant that some care be taken
in the layout near the LTC2909. In ap-
plications which use negative polarity
comparators, capacitive coupling from
the RST output to the negative-polarity
input can cause the part to oscillate
at approximately 1/tgsr if the nega-
tive-polarity input is sufficiently close
to threshold: the capacitive coupling
creates AC negative feedback around
the part. To prevent this oscillation,
the RST line should be kept away from
the relevant ADJ inputs, and, where

possible, from the corresponding sup-
ply. Negative-polarity applications may
also oscillate when the RSTis drivinga
large load, which causes a voltage dif-
ference between the ground of the 0.5V
internal reference, and the ground of
the monitored voltage. Several factors
can help eliminate this source of oscil-
lation. First and foremost, the current
sunk by RST should be kept below 1mA
if possible. Good grounding practice is
alsoimportant. Inputresistor dividers
which connect to ground should have a
Kelvin-sense trace directly to the GND
pin, and the path from the monitored
supply ground to the GND pin should
be low impedance (preferably through
a good ground plane).

Timeout Control

As described above, the LTC2909 has
a reset timeout delay which helps
reduce the sensitivity of the monitor
to supply glitches. For convenience,
this reset timeout can be controlled in
three different ways. If a 200ms time-
out is appropriate for the application
(based on expected noise distributions
and system timing specifications), no
external components are needed to set
the timeout—simply tie the TMR pin

Why Is Threshold Accuracy Important?

In monitored systems, there is some voltage level beyond which the proper
function of the devices connected to a supply bus cannot be guaranteed.
Ideally, that is the voltage at which the supervisor should issue a reset,
since this guarantees the proper function of the system while permitting the
maximum allowable variation in supply voltage. Thus, in the ideal case, the
power supply tolerance is as loose as the devices on the bus will tolerate.

Of course, any real supervisor has limited accuracy, which tightens the
system constraints. Typically, monitor accuracy is specified as a percentage
band around the nominal trip point in which the threshold is guaranteed
to lie, such as +1.5%. To prevent nuisance resets when the supply is oper-
ating normally, the supply tolerance and monitor accuracy bands should
not overlap.

As an example, a supply with a specified tolerance of +5%, monitored
by a 1.5% accurate monitor must have its nominal threshold set at 6.5%
to prevent nuisance resets. With that accuracy band, the supervisor is not
guaranteed to issues a reset until the supply has reached the other end of
the monitor accuracy band, at 8%. Therefore, the devices attached to the
supply must function properly to at least an 8% deviation in supply voltage.
If this is not possible, a supply with tighter tolerance must be provided.
For comparison, if the 1.5% accurate supply monitor is replaced by a less
accurate 2.5% device, the power supply tolerance must be tightened to
+3% to ensure the same 8% operation band, thus complicating the power
supply design. L7
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Figure 7. Reset timeout period
as a function of capacitance

to ground, and the LTC2909 uses an
internal 200ms delay generator.

For applications that require time-
out periods other than 200ms, the
delay canbe set by connecting the TMR
pin to a grounded capacitor, where the
delay is set at approximately 9ms per
nF of capacitance. To ensure timer ac-
curacy, the timing capacitor should be
a low leakage ceramic type. Leakage
currents over 500nA substantially
impair timer function. As an example,
for a 50ms delay, the timer capacitor
should be 50/9 = 5.6nF.

Figure 7 shows the typical timeout
period as a function of the capacitor on
the TMR pin. Due to inherent capaci-
tance on the TMR pin, the minimum
attainable timeout period in external
mode is about400ps, with no external
capacitor connected to the pin. The
maximum timeout is limited to nine
seconds (1pF capacitor) by startup
concerns. Assuming that the timer
capacitor is initially discharged during
the power-up sequence, the LTC2909
initially sees that the TMR voltage is
near ground, and thus operates in
internal timeout mode. As soon as
the part is powered, a 2pA current
source begins pulling up on the TMR
pin, charging the timer capacitor
towards the ground sense threshold
(approximately 250mV). If all three
supply inputs (Ve and both ADJ
inputs) become valid, and the 200ms
internal timeout period completes
before the TMR voltage reaches the
ground sense threshold, RST goes high
after a much shorter delay than was
intended. If this startup behavior is
not a problem in a given system, the
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maximum timeout is limited only by
the availability of large capacitors with
leakage currents below 500nA.

Finally, there are some systems
where the reset timeout delay is unde-
sirable. For example, this may be the
case in applications where the user is
not using the LTC2909 RST pin as a
system reset line. If the user ties the
TMR pin to V¢, the LTC2909 is put
into comparator mode. In comparator
mode, the timeout delay is bypassed,
and the comparator outputs are
connected directly to the RST drive
circuitry. Due to the glitch-rejecting
low-pass filter in the comparators,
there will still be some delay from the
inputs to the RST output, based on the
amount of overdrive on the input. As
shown by Figure 6, the propagation
delay for large overdrives is about
25ps.

In comparator mode, because the
reset timeout has been removed, the
glitch and oscillation immunity of the
part have been decreased. To prevent
undesired “chattering” of the RST out-
put when the input voltages are very
close to threshold, a small amount of
one-sided hysteresis is added to all
three comparators. The hysteresis is
“one-sided” in the sense that the valid-
to-invalid transition is unaffected, but
the invalid-to-valid threshold is moved
about 0.7%into the valid region. Thus,
for the ADJ inputs, the threshold
voltages in comparator mode are a
function of the SEL pin state. Nominal
values are shown in Table 4.

Shunt Regulator

In most systems, it is possible to iden-
tify one supply as the one with highest
availability—that is to say the supply
which is most likely to be on, first to
power up, last to shut down, and so

on. There are a number of advantages
to powering a supply supervisor from
this highest-availability supply. First,
the RST pull-down circuits are pow-
ered by the part supply. Thus, having
the part supply come up first helps
guarantee that RST never floats high
due toinsufficient pull-down strength.
Conversely, powering the part from a
high-availability supply helps maxi-
mize the uptime of the system because
the LTC2909 will not release the RST
output unless the part is properly
powered.

The problem in many systems is
that the high-availability supply is
also a relatively high-voltage supply.
For example, the highest availability
supply in an automotive system is the
12V (nominal) battery voltage, and in
a telecom system it is likely to be a
48V supply. Most supply supervisors
require an external voltage regulator
to operate from these supplies, but
the LTC2909 saves components by
integrating a 6.5V shuntregulatorinto
the V¢ pin. All that is required is a
series-dropping resistor between the
high-voltage supply and the V¢ pin.
This scheme allows the LTC2909 to be
powered from an arbitrarily high volt-
age, subject only to constraint by the
power dissipation in the shunt resistor.
Furthermore, the V¢ pin can be used
to power other low voltage parts, as
long as their supply current (which
should be less than 5mA) is factored
into the selection of the resistor.

The shunt regulation voltage is
nominally 6.5V, and is guaranteed to
lie between 6.0V and 6.9V across the
entire operating temperature range
and across a wide range of shunt cur-
rent. Selection of the series resistor
is driven by the shunt regulator bias
current. The shunt regulator bias

Table 4. Nominal ADJ thresholds in comparator mode

Input SEL = GND SEL Open SEL = V¢

DY Rising 500.0mV 503.5mV 503.5mV
Falling 496.5mV 500.0mV 500.0mV

ADJ2 Rising 500.0mV 500.0mV 503.5mV
Falling 496.5mV 496.5mV 500.0mV

will be set by the amount of current
flowing through the resistor (based on
its value and the voltage drop across
it), minus the supply current of the
part, including any load drawn from
the REF pin, and the load currents of
any other devices that take advantage
of the 6.5V supply at the V¢ pin. The
series resistor should be chosen to
bias the shunt regulator somewhere
between 50pA and 10mA, ideally
around 1mA.

These design constraints impose the
following limits on the series resistor.
The maximum load drawn from the
reference, plus the maximum load
drawn by other devices connected
to the Vo pin, plus 150pA for the
LTC2909 must be less than the mini-
mum current through the resistor by
at least 50pA:

(lREF + IDEVICES )MAX +150pA +50pA

< VsuppLy(min) —6.9V
RseRiEs

This ensures that the shunt regu-
lator is biased with at least 50pA of
current. On the other side, the mini-
mum load on the reference, plus the
minimum load drawn by other devices
on Vgc must be less than the maxi-
mum current through the resistor by
at most 10mA:

(IReF +IDEVICES )y +10MA

. VsuppLy(max) —6V
RsERIEs

This ensures that the regulator is
never shunting more than 10mA of
current. In summary, the series resis-
tor is required to satisfy:

VsuppLy(vax) —6V

(IRer +IpEvicES )y +10MA —

VsuppLy(winy —6.9V
(IRer +IpEVICES )yax +200HA

As an example, consider operation
from an automobile battery. For pur-
poses of this example, the operating
range of the battery supply is approxi-
mately 10V to 60V, and we can suppose
that the user’s loading of REF and
external current use can each range
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from OpA to 100pA. The minimum
value of R is then 54V/10mA = 5.4k,
and the maximum is 3.1V/400pA =
7.75k. Given these constraints, avalue
of 6.8k is probably optimal.

The above equation is actually
overly restrictive. In cases where the
supply voltage is very close to the
shunt regulation voltage, it may be
impossible to satisfy the above equa-
tion because the maximum allowable
value is less than the minimum. In
these cases, it may be assumed that the
maximum allowablevalueis 1kinstead
of the value predicted by the formula
above, as long as the V¢ pin is not
used to power other devices. There are
scenarios where the shunt regulator
cannot satisfy the needs for V¢ (e.g.
those with a very large possible supply
range). These applications must use
an external voltage regulator of some
sort, which, of course, should have a
regulation voltage below 6V.

A final consideration is the power
dissipation in the series resistor, which
may be quite high for high voltage sup-
plies. The series resistor must be rated
to handle a power of at least

2
(VsuppLy(max) —6V)
RsERIES

A rough rule of thumb suitable for
many applications (those that have
fairly constant REF current draw, and
have minimum supply voltages well
above 6V) is that the resistor rating
should be at least 0.1 Watt per 100

Vi

Ree

12V—W[_'\1/$<V_T—|
<

S Rpo
>1.07M

<

10k*

Cayp
100nF

H_ 1.8V

MANUAL 1

RESET-I 49.9k
PUSHBUTTON Qo =Tl

= Rw - R

2.49M 107k

-12v

*OPTIONAL FOR ESD

Vee
ADJA

~ SPRpy
10K ERurT

RST QUTPUT
LTC2909-25

REF SEL

ADJ2 TMR

L Ctmr

Figure 8. +12V undervoltage monitor with pushbutton reset

volts of maximum supply, multiplied
by the ratio of maximum to minimum
supply voltage.

Returning to the automobile bat-
tery example from above, the power
dissipated in the 6.8k resistor could
be as large as 542/6800 = 0.43W (the
rule of thumb would give 0.36W), so
a 0.5W resistor is best. In reality, of
course, the battery is unlikely to stay
at 60V for long enough to heat up
the resistor substantially. If we were
to take a more reasonable DC maxi-
mum of 16V, the resistor only needs
to handle about 15mW.

Applications

+12V UV Monitor

with Manual Reset

Figure 8 shows a LTC2909 config-
ured as an undervoltage monitor for
a system with #12V supplies, and a
1.8V logic bus. The part is powered
from the high-availability 12V supply

36V T0 72V P t
Rpaa
1430

Rpop
1.91M

- o SYSTEM
CC Cgyp
27k % 100nF
0.25W

HE .

Rpoa2
169k

Vee

H

Vyy(rising): 43.3V
Vyv(raLLING): 38.7V

Rpy
10k

ADJ1 RST
LTC2909-25

)
).
Vov(rising): 71.6V
Vov(FALLING): 70.2V

P1B2

Rria  SReiz SR
18.7k 13.7k 681k
M1F;

ADJ2 SEL

|_

M1, M2: FDG6301N OR SIMILAR =

IF LOADING OF RST WILL EXCEED 1nfF,
A 1nF BYPASS CAPACITOR ON M1’s

DRAIN IS RECOMMENDED

Figure 9. A 48V telecom UV/OV monitor with hysteresis

through the series dropping resistor
Rec. The floating condition of SEL
sets the polarity for one positive and
one negative UV. The reset timeout is
set to 20ms nominal by Cryg, which
allows faster recovery from faults. Fi-
nally, the pushbutton allows the user
to drive ADJ1 to ground, manually
forcing a reset condition. The release
of the pushbutton is debounced by
the LTC2909’s reset timeout. If ESD
from people touching the pushbutton
is a concern, a 10k resistor in series
with the pushbutton limits the cur-
rent flow into the LTC2909 to prevent
damage.

48V Telecom UV/OV

Monitor with Hysteresis

Telecom supply specifications usually
require some amount of hysteresis in
the acceptable voltage range. Since the
LTC2909 does not generally have hys-
teresisinits thresholds, the hysteresis
must be externally added. Figure 9
shows the LTC2909 configured to
monitor a 48V nominal supply bus for
UV and OV. The NMOS devices lower
the UV threshold (by reducing R2 for
ADJ1) and raise the OV threshold (by
reducing R1 for ADJ2) while the RST
is high. This has the effect of widening
the acceptable supply window once
the supply becomes good. The resis-
tors are chosen so that the window
is 43.3V-70.2V when the supply is
outside the window, and 38.7V-71.6V
once the supply is good. Since the
part is powered from the 48V bus, the
series-dropping resistor is required
to be a 0.25W device to handle the
power dissipated when the bus is
overvoltage.
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Figure 10. Automotive supply system with overvoltage, overcurrent and overtemperature protection

The recommended NMOS device
is FDG6301N, which combines both
NMOS devices in one SC70-6 package.
Other devices may be used as long as
the threshold voltage is guaranteed to
be much less than 5V, and the drain-
source breakdown is greater than 10V.
Note that if the RST output is loaded
with a large capacitance, the feedback
through the gate-drain capacitance of
M1 can cause the circuit to oscillate
unless a bypass capacitor is placed
on M1'’s drain.

Automotive Supply System

Figure 10 shows three LTC2909s
in a full-featured automotive sup-
ply system, providing overvoltage,
overcurrent, and over-tempera-
ture protection in addition to an
undervoltage systemreset. The system
uses an LT1641-2 Hot Swap control-
ler as a controlled electronic circuit
breaker. The IRLZ34 logic-NFET serves
as the disconnect switch, and the
10mQ sense resistor sets a current
limit of 4.7A. After an over-current
fault, the LT1641-2 reconnects after
a delay of 160ms (set by Cy).

The two LTC2909s on the left are
responsible for detecting overvoltage
and over-temperature conditions. To
guarantee that they function properly,
they must be powered from the 12V

input. The V¢ pins are tied together,
and the supply current flows through
just one dropping resistor, so the volt-
age tends to regulate at whichever of
the shunt regulation voltages is the
lower of the two.

When any of the supply voltages
goes overvoltage, or the temperature
sensor is heated above 85°C, the
shared RST line is pulled low by one
of the two LTC2909s. This takes the
LT1641-2 ONinputlow, disconnecting
the power switch. At the same time,
current is pulled through Q2, turning
on Q1l, which triggers the 2N6507
SCR and thereby crowbars the 12V
supply to the system, removing the
overvoltage condition. After the fault
condition disappears, the LTC2909s
apply a 200ms timeout before recon-
necting to the 12V input.

The third LTC2909 serves to provide
amaster reset to the system when any
of the three supplies are undervoltage,
whether because insufficient input
voltage is present, or because one of
the protection faults has tripped. The
third monitor function is provided by
the UVLO.

ADale NTHS-1206N01 NTC therm-
istor with room temperature resistance
of 100k is used to detect the tempera-
ture, and may be physically located

wherever temperature monitoring is
needed. The thermistor forms part of
a resistor divider from the buffered
reference output to ground. As long
as the temperature is below 85°C, the
thermistor resistance is greater than
Rger, 50 ADJ1 is above its threshold,
and RST is allowed to go high. If the
temperature rises, the thermistor re-
sistance decreases, pulling down on
ADJ1, and causing a reset when its
resistance is equal to or lower than

RREF.

Conclusion

The LTC2909 is a true one-size-fits-all
power supply monitor—a way to sim-
plify design and parts stock. It provides
a compact solution to monitoring any
two supplies for almost any fault con-
dition, where input polarity selection
and a buffered reference output allow
monitoring of OV conditions and nega-
tive supplies. Precision comparators,
including a third input on the part’'s
Ve, increase system reliability. To
simplify design further, no regulated
voltage is required—a built-in shunt
regulator on V¢ allows operation from
ahigh-voltage high-availability supply.
An accurate model of the LTC2909 is
included with SwitcherCAD (available
at www.linear.com), as an aid to rapid
development. L7
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