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LTC2919
Precision Triple/Dudl Input
UV, OV aund Neydtive
Voltayge Monitor
FEATURES DESCRIPTION

Two Low Voltage Adjustable Inputs (0.5V)
Accurate UVLO Provides a Third Monitor Input
Open-Drain RST, OUT1 and OUT2 Outputs

Pin Selectable Input Polarity Allows Negative, UV
and OV Monitoring

Guaranteed Threshold Accuracy: +1.5%

6.5V Shunt Regulator for High Voltage Operation
Low 50pA Quiescent Current

Buffered 1V Reference for Negative Supply Offset
Input Glitch Rejection

Adjustable Reset Timeout Period

Selectable Internal Timeout Saves Components
Outputs Guaranteed Low with Vg = 0.5V

Space Saving 10-Lead 3mm x 2mm DFN and MSOP
Packages

® AEC-Q100 Qualified for Automotive Applications

The LTC®2919 is a triple/dual input monitor intended for a
variety of system monitoring applications. Polarity selec-
tion and a buffered reference output allow the LTC2919 to
monitor positive and negative supplies for undervoltage
(UV) and overvoltage (OV) conditions.

The two adjustable inputs have a nominal 0.5V threshold,
featuring tight 1.5% threshold accuracy over the entire
operating temperature range. Glitch filtering ensures out-
puts operate reliably without false triggering. An accurate
threshold at the Vg pin provides a third input supply
monitor for a 2.5V, 3.3V or 5V supply.

Two independent output pins indicate the status of each
adjustable input. A third common output provides a
configurable reset timeout that may be set by an accu-
rate internal 200ms timer, programmed with an external
capacitor, or disabled for a fast response. A three-state

APPLICATIONS mput pin setg _the input polarity of each adjustable input
without requiring any external components.
: ﬁgtsvb?rlg %r;(:\/l:(r);[ebook Computers The LTC2919 provides a highly versatile, precise, space-
. conscious, micropower solution for supply monitoring.
= Core, 1/0 Monitor _ P _ PP y. ;
n Automotive /Q)I/I [Jegls;e;rt(;?]ttsra:jnecrlrbe:jrll%a6r19d4tgrgggm7azrg;g7rzthe property of their respective owners. Protected
TYPICAL APPLICATION

3.3V UV/0V (Window) Monitor Application with
200ms Internal Timeout (3.3V Logic Out)

3.3V -9 T ——o—¢ |
i —_L_ 0.1pF
LTC2919-2.5 10k =
ADJ1 oUT 10k

REF ouUT2 10k

ADJ2 RST ’

SEL  TMR
GND —|
|

2919 TAOTa

SEL Pin Connection for Input Polarity
Combinations

POLARITY
ADJ1 ADJ2 SEL PIN
+ + Vee
+ - OPEN
- - GND
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LTC2919

ABSOLUTE MAXIMUM RATINGS (notes 1, 2)

Terminal Voltages

Operating Temperature Range

Vg (NOEE 3)..vccccee -0.3Vto 6V LTC2919C ... 0°Cto 70°C
OUTT, OUT2, RST .., -0.3Vto 7.5V LTC29191 ..o -40°C to 85°C
ADJ1, ADJ2......oeeeeeeees -0.3Vto 7.5V LTC2919H ... -40°C to 125°C
TMR, SEL...cooviiiieeiieee -0.3Vto (Voo +0.3V)  Maximum Junction Temperature .............coeveeee. 150°C
Terminal Currents Storage Temperature Range .................. -65°C to 150°C
log (NOEE 3) e +10mA  Lead Temperature (Soldering, 10 sec)
[REF cvvevevereneereie ettt +ImA MSOP-10.......oeiieeeeeeeceeeeeeeee e, 300°C
ADJT, ADJ2.....ooeeeee e -1mA
PIN CONFIGURATION
TOP VIEW
seL [11 771 o] byt TOP VIEW
wl ), e il B
outt [3] IGHDE (8] ™R oufi 3] 8 TMR
our2 [41 1 | 7] rer 0uT2 444 7 REF
TR e RST 500 16 GND
RST [5! L__i s] GND
MS PACKAGE

DDB PACKAGE
10-LEAD (3mm x 2mm) PLASTIC DFN
Tumax = 150°C, 6p = 76°C/W
EXPOSED PAD (PIN 11) MAY BE LEFT OPEN OR TIED TO GND

10-LEAD PLASTIC MSOP
Tymax = 150°C, 8y = 120°C/W

ORDER INFORMATION
LEAD FREE FINISH TAPE AND REEL PART MARKING* | PACKAGE DESCRIPTION TEMPERATURE RANGE
LTG2919CDDB-2.5#TRMPBF LTC2919CDDB-2.5#TRPBF LDGT 10-Lead (3mm x 2mm) Plastic DFN | 0°C to 70°C
LTC29191DDB-2.5#TRMPBF LTC29191DDB-2.5#TRPBF LDGT 10-Lead (3mm x 2mm) Plastic DFN | -40°C to 85°C
LTC2919HDDB-2.5#TRMPBF LTC2919HDDB-2.5#TRPBF LDGT 10-Lead (3mm x 2mm) Plastic DFN | -40°C to 125°C
LTC2919CDDB-3.3#TRMPBF LTC2919CDDB-3.3#TRPBF LDMW 10-Lead (3mm x 2mm) Plastic DFN | 0°C to 70°C
LTC2919IDDB-3.3#TRMPBF LTC2919IDDB-3.3#TRPBF LDMW 10-Lead (3mm x 2mm) Plastic DFN | -40°C to 85°C
LTC2919HDDB-3.3#TRMPBF LTC2919HDDB-3.3#TRPBF LDMW 10-Lead (3mm x 2mm) Plastic DFN | -40°C to 125°C
LTC2919CDDB-5#TRMPBF LTC2919CDDB-5#TRPBF LDMX 10-Lead (3mm x 2mm) Plastic DFN | 0°C to 70°C
LTC29191DDB-5#TRMPBF LTC2919IDDB-5#TRPBF LDMX 10-Lead (3mm x 2mm) Plastic DFN | -40°C to 85°C
LTC2919HDDB-5#TRMPBF LTC2919HDDB-5#TRPBF LDMX 10-Lead (3mm x 2mm) Plastic DFN | -40°C to 125°C
LTC2919CMS-2.5#PBF LTC2919CMS-2.5#TRPBF LTDGS 10-Lead Plastic MSOP 0°C to 70°C
LTC2919IMS-2.5#PBF LTC2919IMS-2.5#TRPBF LTDGS 10-Lead Plastic MSOP -40°C to 85°C
LTC2919HMS-2.5#PBF LTC2919HMS-2.5#TRPBF LTDGS 10-Lead Plastic MSOP -40°C to 125°C
LTC2919CMS-3.3#PBF LTC2919CMS-3.3#TRPBF LTDMT 10-Lead Plastic MSOP 0°C to 70°C
LTC2919IMS-3.3#PBF LTC2919IMS-3.3#TRPBF LTDMT 10-Lead Plastic MSOP -40°C to 85°C
LTC2919HMS-3.3#PBF LTC2919HMS-3.3#TRPBF LTDMT 10-Lead Plastic MSOP -40°C to 125°C
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LEAD FREE FINISH TAPE AND REEL PART MARKING* | PACKAGE DESCRIPTION TEMPERATURE RANGE
LTC2919CMS-5#PBF LTC2919CMS-5#TRPBF LTDMV 10-Lead Plastic MSOP 0°C to 70°C
LTC2919IMS-5#PBF LTC2919IMS-5#TRPBF LTDMV 10-Lead Plastic MSOP -40°C to 85°C
LTC2919HMS-5#PBF LTC2919HMS-5#TRPBF LTDMV 10-Lead Plastic MSOP -40°C to 125°C
AUTOMOTIVE PRODUCTS**

LTC2919IDDB-2.5#WTRMPBF | LTC2919IDDB-2.5#WTRPBF | LDGT 10-Lead (3mm x 2mm) Plastic DFN | -40°C to 85°C
LTC2919HDDB-2.5#WTRMPBF | LTC2919HDDB-2.5#WTRPBF | LDGT 10-Lead (3mm x 2mm) Plastic DFN | -40°C to 125°C
LTC2919IDDB-3.3#WTRMPBF | LTC2919IDDB-3.3#WTRPBF | LDMW 10-Lead (3mm x 2mm) Plastic DFN | -40°C to 85°C
LTC2919HDDB-3.3#WTRMPBF | LTC2919HDDB-3.3#WTRPBF | LDMW 10-Lead (3mm x 2mm) Plastic DFN | -40°C to 125°C
LTC29191DDB-5#WTRMPBF LTC29191DDB-5#WTRPBF LDMX 10-Lead (3mm x 2mm) Plastic DFN | -40°C to 85°C
LTC2919HDDB-5#WTRMPBF LTC2919HDDB-5#WTRPBF LDMX 10-Lead (3mm x 2mm) Plastic DFN | -40°C to 125°C

Contact the factory for parts specified with wider operating temperature ranges. *The temperature grade is identified by a label on the shipping container.
Tape and reel specifications. Some packages are available in 500 unit reels through designated sales channels with #TRMPBF suffix.

**\lersions of this part are available with controlled manufacturing to support the quality and reliability requirements of automotive applications. These
models are designated with a #W suffix. Only the automotive grade products shown are available for use in automotive applications. Contact your
local Analog Devices account representative for specific product ordering information and to obtain the specific Automotive Reliability reports for

these models.

GLGCTRICHL CHHRHCTGHISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vg = 2.5V (LTC2919-2.5), Vge = 3.3V (LTC2919-3.3), Vge =5V
(LTG2919-5), ADJ1 = ADJ2 = 0.55V, SEL = floating, unless otherwise noted. (Note 2)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Veominy Operating Supply Voltage RST, OUT1, OUT2 in Correct State ) 05 Vv
Veo(SHUNT) V¢ Shunt Regulation Voltage lgc=1mA, lgep=0 ® 6.0 6.5 7.1 v
Ie Ve Input Current 2.175V < Vg < 6V (C-Grade, I-Grade) ° 50 220 HA
2.175V < Vg < 6Y (H-Grade) ° 50 280 HA

VRt ADJ Input Threshold 495.0 500 505.0 mV
® | 4925 500 507.5 mV

AVRT ADJ Hysteresis (Note 4) TMR = Vg 1.5 35 10.0 mV
laDJ ADJ Input Current Vapy = 0.55V (C-Grade, I-Grade) ° 0 +15 nA
Vapy = 0.55V (H-Grade) ® 0 +40 nA

VeouvLo) Vee —10% UVLO Threshold LTC2919-2.5 ® | 2175 2.213 2.250 v
LTC2919-3.3 ® | 28711 2921 2.970 v

LTC2919-5 ® | 4350 4425 4500 v

AVeeuvLo) UVLO Hysteresis (Note 4) TMR = Vg 0.3 0.7 2.0 %
VRer Buffered Reference Voltage Vee > 2.175Y, Iggr = +1mA 0.990 1.000 1.010 v
® | 098 1.000 1.015 v

|T|V|R(UP) TMR Pull-Up Current Vimg =1V ® -1.5 -2.2 -2.9 HA
|TMR(DOWN) TMR Pull-Down Current Vimg =1V ® 1.5 2.2 2.9 HA
tRsT(EXT) Reset Timeout Period, External CtmRr = 2.2nF ) 15 20 27 ms
tRST(NT) Reset Timeout Period, Internal Vimg = 0V ° 140 200 280 ms
Rev. A
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LTC2919

GLGCTBKHL CHHM-ICTERISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. V¢ = 2.5V (LTC2919-2.5), Ve = 3.3V (LTC2919-3.3), Ve = 5V

(LTC2919-5), ADJ1 = ADJ2 = 0.55V, SEL = floating, unless otherwise noted. (Note 2)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
VTvRrDIS) Timer Disable Voltage V1mr Rising [ Ve Ve Ve \
-040 -020 -0.10
AVTMR(DIS) Timer Disable Hysteresis Vrur Falling [ 40 100 160 mV
VIMRONT) Timer Internal Mode Voltage Vv Falling e ( 010 0.20 0.40 \
AVTMRONT) Timer Internal Mode Hysteresis Vrur Rising ® 40 100 160 mV
tPROP ADJx Comparator Propagation Delay to | ADJx Driven Beyond Threshold (Vrrx) by | ® 50 150 800 us
0UTy 5mV
tyy Ve Undervoltage Detect to RST Vg Less Than UVLO Threshold ° 50 150 800 us
(VecuvLo)) by 1%
Voo Output Voltage Low Voo = 0.5V, [ =5pA o 0 0.01 0.15 v
Voo =1V, [ = 100pA ° 0 0.01 0.15 v
Vge =3V, | =2500pA [ 0 0.10 0.30 v
loH Output Voltage High Leakage Output = Vg (C-Grade, I-Grade) ) 0 +1 PA
Output = Vg (H-Grade) ) 0 +5 pA
Three-State Input SEL
ViL Low Level Input Voltage ° 0 0.4 \
\um High Level Input Voltage [ 14 Ve \
Vz Pin Voltage when Left in Open State IseL = OpA 0.8 0.9 1.0 \
IsEL(Z) Allowable Leakage When Open ) +5 pA
IsEL SEL Input Current SEL = Vg or SEL = GND o +17 +25 HA

Note 1: Stresses beyond those listed under Absolute Maximum Ratings
may cause permanent damage to the device. Exposure to any Absolute
Maximum Rating condition for extended periods may affect device

reliability and lifetime.

Note 2: All currents into pins are positive; all voltages are referenced to

GND unless otherwise noted.

Note 3: V¢ maximum pin voltage is limited by input current. Since the
Ve pin has an internal 6.5V shunt regulator, a low impedance supply

Applications Information.

Note 4: Threshold voltages have no hysteresis unless the part is in
comparator mode. Hysteresis is one-sided, affecting only invalid-to-valid

transitions. See Applications Information.

which exceeds 6V may exceed the rated terminal current. Operation
from higher voltage supplies requires a series dropping resistor. See
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T'I'PICHL PEBFOﬂmm'ICG CHHRHCTGGISTICS Ta = 25°C, unless otherwise noted.
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T'I'PICHL PEBFOﬂmm'ICG CHHRHCTGGISTICS Ta = 25°C, unless otherwise noted.

SHUNT REGULATOR VOLTAGE, Vig(sHunT) (V)

OUTPUT VOLTAGE (V)

OUTPUT, Vo (V)

7.0

6.8

6.6

6.4

6.2

6.0

T50 25 0

04

0.3

0.2

0.1

1.0

0.8

0.6

04

0.2

Shunt Regulation Voltage
vs Temperature

fo"
lgc = 1TmA

lgc = 100pA

25 50 75 100 125 150
TEMPERATURE (°C)

2919G10

0UT1, OUT2, RST Output Voltage
vs Ve

V WI"I'H 10k PULL-UP
¢

WITH 100k PULL-UP ™~

I~

02 03 04 05 06 07 08
SUPPLY VOLTAGE, Vigg (V)

0 041

2919G13

0UT1, OUT2, RST Vg, vs Output
Ve = éV
NO PULL-UP R

Sink Current
/,
v
Ta=125°C //// Ta=25°C1
/>/;
/{/ Ta=—40°C

10 15 20 25
OUTPUT SINK CURRENT (mA)

2919G16

0 5 30

OUTPUT PULL-DOWN CURRENT (mA) SHUNT REGULATION VOLTAGE, Vigg(sHunT) (V)

IseL (HA)

Shunt Regulation Voltage
vs Supply Current

~
o

Ta=25°C

~
N

\\

o
©

&
~

o
o

100

o
o
=

0.1 1 10
SUPPLY GURRENT, Igg (mA)

2919G11

0UT1, OUT2, RST Pull-Down
Current vs Vg

6
ADJ1 = 0.45V
ADJ2 = 0.55V /
5 | SEL = OPEN /
4 /|
OUTPUT AT 150mV
3
2 —
/
1 / OUTPUT AT 50mV |
0
0 1 2 3 4 5
SUPPLY VOLTAGE, Vg (V)
IggL vs Temperature
-10 —
SEL = GND
12
14
~16 ]
~— //
-18
-20
50 25 0 25 50 75 100 125 150
TEMPERATURE (°C)

2919 G17

0UT1, OUT2, RST Output Voltage

vs Ve
5 T
ADJ1 = 0.55V
ADJ2 = 0.45V
4 | SEL=OPEN
_ 10k PULL-UP R TO Vg
=
&
= 0 /1
o
=
=
= 2
=
3 LTC2919-2.5 LTC2919-5
|
LT02919-3.3|\A
L
0 1 2 3 4 5

1

o
=

o
o
=

0.001

OUTPUT PULL-DOWN CURRENT (mA)

0.0001

22

20

ISEL (HA)

10

-50

SUPPLY VOLTAGE, V¢c (V)

2010 219

0UT1, OUT2, RST Pull-Down
Current vs Vg

=

s
)y

[ OUTPUT AT 150mV
W

= =
7 Z
7

Il’
7
~
7

~
7
OUTPUT AT 50mV

N
N\

\\\
N

0 02 04 06
SUPPLY VOLTAGE, Vg (V)

0.8 1

2919G15

IggL vs Temperature

SEL = Vg

-25 0 25 50 75 100 125 150

TEMPERATURE (°C)

2919 G18

Rev. A

For more information www.analog.com


https://www.analog.com/LTC2919?doc=LTC2919.pdf
https://www.analog.com

LTC2919

PIN FUNCTIONS (orvmsop)

SEL (Pin 1): Input Polarity Select Three-State Input.
Connect to Vg, GND or leave unconnected in open state
to select one of three possible input polarity combinations
(refer to Table 1).

Ve (Pin 2): Power Supply. Bypass this pin to ground with
a 0.1pF (or greater) capacitor. Operates as a direct supply
input for voltages up to 6V. Operates as a shunt regulator
for supply voltages greater than 6V and should have a
resistor between this pin and the supply to limit Vgg input
current to no greater than 10mA. When used without a
current-limiting resistor, pin voltage must not exceed 6V.
UVLO options allow Vg to be used as an accurate third
fixed -10% UV supply monitor.

OUT1 (Pin 3): Open-Drain Logic Output 1. Asserts low
when positive polarity ADJ1 voltage is below threshold or
negative polarity ADJ1 voltage is above threshold. Requires
an external pull-up resistor and may be pulled above V.

OUT2 (Pin 4): Open-Drain Logic Output 2. Asserts low
when positive polarity ADJ2 voltage is below threshold
or negative polarity ADJ2 voltage is above threshold.
Requires an external pull-up resistor and may be pulled
above V.

RST (Pin 5): Open-Drain Inverted Reset Logic Output.
Asserts low when any positive polarity input voltage is
below threshold or any negative polarity input voltage is
above threshold or Vg is below UVLO threshold. Held
low for a timeout period after all voltage inputs are valid.
Requires an external pull-up resistor and may be pulled
above V.

GND (Pin 6): Device Ground.

REF (Pin 7): Buffered Reference Output. 1V nominal refer-
ence used for the offset of negative-monitoring applica-
tions. The buffered reference can source and sink up to
1mA. The reference can drive a capacitive load of up to
1000pF. Larger capacitance may degrade transient per-
formance. This pin does not require a bypass capacitor,
nor is one recommended. Leave open if unused.

TMR (Pin 8): Reset Timeout Control. Attach an external
capacitor (Ctmg) to GND to set a reset timeout period
of 9ms/nk A low leakage ceramic capacitor is recom-
mended for timer accuracy. Capacitors larger than 1puF
(9 second timeout) are not recommended. See
Applications Information for further details. Leaving this
pin open generates a minimum timeout of approximately
400ps. A 2.2nF capacitor will generate a 20ms timeout.
Tying this pin to ground will enable the internal 200ms
timeout. Tying this pin to Ve will disable the reset timer
and put the part in comparator mode. Signals from the
comparator outputs will then go directly to RST.

ADJ2 (Pin 9): Adjustable Voltage Input 2. Input to volt-
age monitor comparator 2 (0.5V nominal threshold). The
polarity of the input is selected by the state of the SEL
pin (refer to Table 1). Tie to GND if unused (with SEL =
GND or Open).

ADJ1 (Pin 10): Adjustable Voltage Input 1. Input to volt-
age monitor comparator 1 (0.5V nominal threshold). The
polarity of the input is selected by the state of the SEL
pin (refer to Table 1). Tie to REF if unused (with SEL =
Vg or Open).

Exposed Pad (Pin 11, DFN Only): The Exposed Pad may
be left unconnected. For better thermal contact, tie to a
PCB trace. This trace must be grounded or unconnected.
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TIMING DIAGRAM
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APPLICATIONS INFORMATION

The LTC2919 is a low power, high accuracy triple/dual
supply monitor with two adjustable inputs and an accurate
UVLO that can monitor a third supply. Reset timeout may
be selected with an external capacitor, set to an internally
generated 200ms, or disabled entirely.

The three-state polarity select pin (SEL) chooses one of
three possible polarity combinations for the adjustable
input thresholds, as described in Table 1. An individual
output is released when its corresponding ADJ input is
valid (above threshold if configured for positive polarity,
below threshold if configured for negative polarity).

Both input voltages (Vapy1 and Vapy2) must be valid and
Ve above the UVLO threshold for longer than the reset
timeout period before RST is released. The LTC2919
asserts the reset output during power-up, power-down
and brownout conditions on any of the voltage inputs.

Power-Up

The LTC2919 uses proprietary low voltage drive circuitry
for the RST, OUT1 and OUT2 pins which holds them low
with Vg as low as 200mV. This helps prevent indeter-
minate voltages from appearing on the outputs during
power-up.

In applications where the low voltage pull-down capabil-
ity is important, the supply to which the external pull-up
resistor connects should be the same supply which pow-
ers the part. Using the same supply for both ensures that
RST, OUT1 and OUT2 never float above 200mV during
power-up, as the pull-down ability of the pin will then
increase as the required pull-down current to maintain a
logic low increases.

Once Ve passes the UVLO threshold, polarity selection
and timer initialization will occur. If the monitored ADJ
input is valid, the corresponding OUT will be released.
When both ADJ1 and ADJ2 are valid, the appropriate
timeout delay will begin, after which RST will be released.

Power-Down

On power-down, once Vg drops below the UVLO thresh-
old or either Vapy becomes invalid, RST asserts logic low.
V¢ of at least 0.5V guarantees a logic low of 0.15V at RST.

Shunt Regulator

The LTC2919 contains an internal 6.5V shunt regulator on

the V¢ pin to allow operation from a high voltage supply.

To operate the part from a supply higher than 6V, the V¢

pin must have a current-limiting series resistor, Rgg, to

the supply. This resistor should be sized according to the
following equation:

Vs (max) — 6-2V 3 3 Vsmin) — 6-8V
10mA  C 7 200pA + g

where Vi) and Vgvax) are the operating minimum
and maximum of the supply, and |rgr is the maximum cur-
rent the user expects to draw from the reference output.

As an example, consider operation from an automobile bat-
tery which might dip as low as 10V or spike to 60V. Assume
that the user will be drawing 100pA from the reference. We
must then pick a resistance between 5.4k and 10.7Kk.

When the V¢ pinis connected to a low impedance supply,
it is important that the supply voltage never exceed 6V,
or the shunt regulator may begin to draw large currents.
Some supplies may have a nominal value sufficiently
close to the shunt regulation voltage to prevent sizing of
the resistor according to the above equation. For such
supplies, a 470Q series resistor may be used.

Adjust Polarity Selection

The external connection of the SEL pin selects the polari-
ties of the LTC2919 adjustable inputs. SEL may be con-
nected to GND, connected to Vg or left unconnected
during normal operation. When left unconnected, the
maximum leakage allowable from the pin is +5pA. Table 1
shows the three possible selections of polarity based on
SEL connection.

Table 1. Voltage Threshold Selection

ADJ1 INPUT ADJ2 INPUT SEL
Positive Polarity Positive Polarity v
(+) UV or (=) OV (+) UV or (=) OV ce
Positive Polarity Negative Polarity Open
(+) UVor (-) Qv (=) UVor (+) QV p
Negative Polarity Negative Polarity Ground
(=) UVor (+) QV (=) UVor (+) QV

Note: Open = open circuit or driven by a three-state buffer in high impedance
state with leakage current less than 5pA.
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If the user’s application requires, the SEL pin may be
driven using a three-state buffer which satisfies the V|,
V4 and leakage conditions of this three-state input pin.

If the state of the SEL pin configures a given input as
“negative polarity,” the voltage at that ADJ pin must be
below the trip point (0.5V nominal), or the correspond-
ing OUT and RST output will be pulled low. Conversely,
if a given input is configured as “positive polarity”, the
ADJ pin voltage must be above the trip point or the cor-
responding OUT and RST will assert low.

Thus, a “negative polarity” input may be used to deter-
mine whether a monitored negative voltage is smaller in
absolute value than it should be (-UV), or a monitored
positive voltage is larger than it should be (+OV). The

opposite is true for a “positive polarity” input (-0V or
+UV). These polarity definitions are also shown in Table 1.
For purposes of this data sheet, a negative voltage is con-
sidered “undervoltage” if it is closer to ground than it
should be (e.g., —4.3V for a =5V supply).

Proper configuration of the SEL pin and setting of the
trip-points via external resistors allows for any two fault
conditions to be detected. For example, the LTC2919 may
monitor two supplies (positive, negative or one of each)
for UV or for OV (or one UV and one QV). It may also
monitor a single supply (positive or negative) for both
UV and OV. Table 2a and Table 2b show example con-
figurations for monitoring possible combinations of fault
condition and supply polarity.

Table 2a. Possible Combinations of Supply Monitoring. For Example Purposes, All Supplies are Monitored at 5% Tolerance and
Connections are Shown Only for ADJ1, ADJ2, REF, SEL, OUT1 and OUT2. Output Pull-up Resistors are Omitted for Clarity.

SEL = V¢e

SEL = GND

15V 5V

Rpoag  Rpos
300kS  115kS

=
<l

ADJ1 OUT1 p— UV (15V)

ADJ2 OUT2 }—TV (5v)

Tug e
' ' —|ReF sEL T

2 Positive UV

-15V -5V

Rnza Rsté
309kS 137k

ADJ1 OUT1 |— UV (-15V)

ADJ2 OUT2 |— TV (-5V)
Rn1a RnisS
10.7k 13.3k

REF SEL

m

2 Negative UV

=15V -5V

Rnza Rnzs
1.02M 137kS>

ADJ1 OUT{ |—0V (-15V)

ADJ2 OUT2 |—10V (-5v)

e 2
' : REF  SEL

2 Negative OV

15V 5V

Rpoa szsé
619kS 133k

ADJ1 OUT1 |— OV (15V)

ADJ2 OUT2 }— oV (5v)

RriaS Rpigg
20k 13.7k

— REF SEL —_

2 Positive OV

15V -15V

Rp2 RNZé
309k 1.02M g

ADJ1  OUT1 =TV (15V)

ADJ2 OUT2 |—0V (-15V)

Rp1 Rn1<
115k 30.9
REF  SEL

1 Positive UV, 1 Negative OV

—_
(93]
<

-15V

Rp2 szé
619k 309K

ADJ1  OUT1 =0V (15V)

ADJ2 OUT2 f— UV (-15V)
Rpy Rni<

20k 10.7k{
REF SEL

1 Positive OV, 1 Negative UV

B
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Table 2b. Possible Combinations of Supply Monitoring. For Example Purposes, All Supplies are Monitored at 5% Tolerance and
Connections are Shown Only for ADJ1, ADJ2, REF, SEL, OUT1 and OUT2. Output Pull-up Resistors are Omitted for Clarity.

SEL OPEN
15V -15V
Rpg RNSé
2.37TM 1.02M 3
ADJ1 OUT1 —0V ADJ1 OUT1 p—0V
Rps Rnis
10.7k 4.02k
ADJ2 OUT2 |—0V ADJ2 OUT2 —UV
Rp4 g
76.8k 30.9k{
— REF SEL p— REF SEL p—

1 Positive UV and OV

1 Negative UV and OV

15V -15V

Rp2 RNZé
309k 309k g

ADJ1 OUT1 —UV (15V)

ADJ2 OUT2 |—TV (-15V)
Rp1 v
11.5k 10.7k1‘

REF SEL f—

1 Positive UV, 1 Negative UV

-15V 15V

R szé
1.02M 619k g

ADJ1  OUT{ =0V (-15v)

ADJ2 OUT2 }—0V (15V)

Rni1 Rp1<
30.9k 20k

=

REF SEL f—

1 Negative OV, 1 Positive OV

15V 5V

RPZA% Reope

300kS 133k

ADJ1 OUT{ =TV (15V)

ADJ2 0UT2 =0V (5V)

RriaS Rprigg
11.5k 13.7k

— REF SEL f—

1 Positive UV, 1 Positive OV

-15V -5V

Rnza Rsté
1.02M 137k g

ADJ1 OUT1 =0V (-15v)

ADJ2 OUT2 |—TV (-5V)

Rn1a RniBS
30.9k 13.3k

REF SEL |—

1 Negative UV, 1 Negative OV

Adjust Input Trip Point

The trip threshold for the supplies monitored by the
adjustable inputs is set with an external resistor divider,
allowing the user complete control over the trip point.
Selection of this trip voltage is crucial to the monitoring
of the system.

Any power supply has some tolerance band within which
it is expected to operate (e.g., 5V £10%). It is gener-
ally undesirable that a supervisor issue a reset when the
power supply is inside this tolerance band. Such a “nui-
sance” reset reduces reliability by preventing the system
from functioning under normal conditions.

To prevent nuisance resets, the supervisor threshold must
be guaranteed to lie outside the power supply tolerance
band. To ensure that the threshold lies outside the power
supply tolerance range, the nominal threshold must lie
outside that range by the monitor’s accuracy specification.

All three of the LTC2919 inputs (ADJ1, ADJ2, V¢ UVLO)
have the same maximum threshold accuracy of +1.5%
of the programmed nominal input voltage (over the
full operating temperature range). Therefore, using the
LTC2919, the typical 10% UV threshold is at 11.5% below
the nominal input voltage level. For a5V input, the thresh-
old is nominally 4.425V. With +1.5% accuracy, the trip
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threshold range is 4.425V +75mV over temperature (i.e.,
10% to 13% below 5V). The monitored system must thus
operate reliably down to 4.35V or 13% below 5V over
temperature.

The above discussion is concerned only with the DC value
of the monitored supply. Real supplies also have relatively
high frequency variations from sources such as load tran-
sients, noise and pickup.

The LTC2919 uses two techniques to combat spurious
outputs toggling from high frequency variation. First,
the timeout period helps prevent high frequency varia-
tion whose frequency is above 1/ tgst from appearing at
the RST output. Second, the propagation delay versus
overdrive function filters short glitches before the OUTT,
0UT2 toggling or RST pulling low.

When an ADJ becomes invalid, the corresponding OUT
and RST pin assert low. When the supply recovers past
the valid threshold, the reset timer starts (assuming it is
not disabled) and RST does not go high until it finishes.
If the supply becomes invalid any time during the timeout
period, the timer resets and starts fresh when the supply
next becomes valid.

To reduce sensitivity of short glitches from toggling the
output pins, the comparator outputs go through a low-
pass filter before triggering the output logic. Any transient
at the input of a comparator needs to be of sufficient
magnitude and duration to pass the filter before it can
change the monitor state.

The combination of the reset timeout and comparator
filtering prevents spurious changes in the output state
without sacrificing threshold accuracy. If further supply
glitch immunity is needed, the user may place an external
capacitor from the ADJ input to ground. The resultant RC
lowpass filter with the resistor divider will further reject
high frequency components of the supply, at the cost of
slowing the monitor’s response to fault conditions.

A common solution to the problem of spurious reset is
to introduce hysteresis around the nominal threshold.
However, this hysteresis degrades the effective accuracy
of the monitor and increases the range over which the
system must operate. The LTC2919 therefore does not
have hysteresis, except in comparator mode (by tying

TMR pin to V). If hysteresis is desired in other modes,
it may be added externally. See 48V Telecom UV/OV with
Hysteresis Applications on page 14 for an example.

Selecting External Resistors

In a typical positive supply monitoring application, the
ADJx pin connects to a tap point on an external resistive
divider between a positive voltage being monitored and
ground, as shown in Figure 1.

When monitoring a negative supply, the ADJx pin con-
nects to a tap point on a resistive divider between the
negative voltage being monitored and the buffered refer-
ence (REF), as shown in Figure 2.

Vmon

Rp2
ADJx

0.5V

2919 FO1

Figure 1. Setting Positive Supply Trip Point

REF
Rn1
% ADJx

0.5V

2919 F02

Figure 2. Setting Negative Supply Trip Point

Normally the user will select a desired trip voltage based
on their supply and acceptable tolerances, and a value of
Ryt or Rpq based on current draw. Current used by the
resistive divider will be approximately:

0.5V 0.5V
| = OR =

Rp; Rni
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To minimize errors arising from ADJ input bias and to
minimize loading on REF choose resistor Rp1 (for positive
supply monitoring) or Ry1 (for negative supply monitor-
ing) in the range of 5k to 100k.

For a positive-monitoring application, Rpo is then chosen
by:

Rp2 = Rp1(2VrRip - 1)
For a negative-monitoring application:

Rn2 = Rn1(1 = 2V1Rip)

Note that the value Vtgp should be negative for a nega-
tive application.

The LTC2919 can also be used to monitor a single sup-
ply for both UV and OV. This may be accomplished with
three resistors, instead of the four required for two inde-
pendent supplies. Configurations are shown in Figure 3 and
Figure 4. Rp4 or Ry4 may be chosen as is Rpq or Ry1 above.

For a given Rp4, monitoring a positive supply:

Vov - Vv
Rps = RP4V—
uv

vV,
Rps = Rpa(2Vyy - 1)ﬁ

For monitoring a negative supply with a given Rya:

Vin, -V
uv ~ Vov

RNs =RN4—1 v
- Vuv

v ADJ1 + LoGIC
N & fourt|
OPEN w
Re DRAIN
r— MOSFET
Res
ADJ2 + LOGIC
&
éRm OPEN our2 ov
DRAIN
= - MOSFET
0.5V

Figure 3. Setting UV and OV Trip Point for a Positive Supply

REF

ADJI N LoGIC
& | ourt -
OPEN ov
R DRAIN
" - MOSFET
Rns ‘
ADJ2 + LOGIC
&
Rne OPEN ouT2 [
_ DRAIN
Vo MOSFET
05V

Figure 4. Setting UV and OV Trip Point for a Negative Supply

For example, consider monitoring a -5V supply at +10%.
For this supply application: Vgy = =5.575V and Vyyy =
-4.425V. Suppose we wish to consume about 5pA in the
divider, so Ry = 100k. We then find Rys = 21.0k, Ryg =
1.18M (nearest 1% standard values have been chosen).

Ve Monitoring/UVLO

The LTC2919 contains an accurate third -10% undervolt-
age monitor on the Vg pin. This monitor is fixed at a
nominal 11.5% below the V¢ specified in the part num-
ber. The standard part (LTC2919-2.5) is configured to
monitor a 2.5V supply (UVLO threshold of 2.213V), but
versions to monitor 3.3V and 5.0V (UVLO of 2.921V and
4.425V, respectively) are available.

For applications that do not need Vg monitoring, the 2.5V
version should be used, and the UVLO will simply guaran-
tee that the Vg is above the minimum required for proper
threshold and timer accuracy before the timeout begins.

Setting the Reset Timeout

RST goes high after a reset timeout period set by the TMR
pin when the Vg and ADJ inputs are valid. This reset
timeout may be configured in one of three ways: internal
200ms, programmed by external capacitor and no timeout
(comparator mode).

In externally-controlled mode, the TMR pin is connected
by a capacitor to ground. The value of that capacitor allows
for selection of a timeout ranging from about 400ps to 9
seconds. See the following section for details.

Rev. A
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If the user wishes to avoid having an external capacitor,
the TMR pin should be tied to ground, switching the part
to an internal 200ms timer.

If the user requires a shorter timeout than 400yps, or
wishes to perform application-specific processing of the
reset output, the part may be put in comparator mode by
tying the TMR pin to Vg. In comparator mode, the timer
is bypassed and comparator outputs go straight to the
reset output.

The current required to hold TMR at ground or Vg is
about 2.2pA. To force the pin from the floating state to
ground or Vgg may require as much as 100pA during the
transition.

When the part is in comparator mode, one of the two
means of preventing false reset has been removed, so
a small amount of one-sided hysteresis is added to
the inputs to prevent oscillation as the monitored volt-
age passes through the threshold. This hysteresis is
such that the valid-to-invalid transition threshold is
unchanged, but the invalid-to-valid threshold is moved
by about 0.7%. Thus, when the ADJ input polarity is posi-
tive, the threshold voltage is 500mV nominal when the
input is above 500mV. As soon as the input drops below
500mV, the threshold moves up to 503.5mV nominal.
Conversely, when configured as a negative-polarity input,
the threshold is 500mV when the input is below 500mV,
and switches to 496.5mV when the input goes above
500mV.

The comparator mode feature is enabled by directly short-
ing the TMR pin to the Vg pin. Connecting the pin to any
other voltage may have unpredictable results.

Selecting the Reset Timing Capacitor

Connecting a capacitor, Gy, between the TMR pin and
ground sets the reset timeout, tgst. The following for-
mula approximates the value of capacitor needed for a
particular timeout:

CtmR = trst ® 110 [pF/ms]

Leaving the TMR pin open with no external capacitor gen-
erates a reset timeout of approximately 400ps.

Maximum length of the reset timeout is limited by the
ability of the part to charge a large capacitor on start-up.
Initially, with a large (discharged) capacitor on the TMR
pin, the part will assume it is in internal timer mode (since
the pin voltage will be at ground). If the 2.2pA flowing
out of the TMR pin does not charge the capacitor to the
ground-sense threshold within the first 200ms after sup-
plies become good, the internal timer cycle will complete
and RST will go high too soon.

This imposes a practical limit of 1pF (9 second timeout) if
the length of timeout during power-up needs to be longer
than 200ms. If the power-up timeout is not important,
larger capacitors may be used, subject to the limitation
that the capacitor leakage current must not exceed 500nA,
or the function of the timer will be impaired.

Output Pins Characteristics

The DC characteristics of the OUT1, OUT2 and RST pull-
down strength are shown in the Typical Performance
Characteristics section. OUT1, OUT2 and RST are open-
drain pins and thus require external pull-up resistors to
the logic supply. They may be pulled above V¢, providing
the absolute maximum rating of the pin are observed.

As noted in the discussion of power up and power down,
the circuits that drive OUT1, OUT2 and RST are powered
by Vec. During a fault condition, Vg of at least 0.5V guar-
antees a Vg of 0.15V.

The open-drain nature of the RST pin allows for wired-OR
connection of several LTC2919s to monitor more than two
supplies (see Typical Applications). Other logic with open-
drain outputs may also connect to the RST line, allowing
other logic-determined conditions to issue a reset.
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Six Supply Undervoltage Monitor with 2.5V Reset Output and 20ms Timeout

15V
5V
-5V
15V SYSTEM
3.3V
2.5V +—o—o *
Sarer %Rpm %Rpus SReus Satpy
100nF S10k S0k S0k 100nF
Hhe o Hhe
- 9 9 - SYSTEM_OK
<R
Ve Vg Stk
ADJT SEL[ L_1seL  ADJY
— >
Ruze 176291925 | = 1T62919-3.3 Ao jgg‘ggﬁ
REF RST RST REF |—
= SReip
-5V_0K 5V_0K 11.5k
ADJ2 OUT1 > < ouTt ADJ2 2919 TA02
R ouT2 oK > < IV Oour2 MR
Crupg == | GND GND [ L Crmp2

|||—_|n
|||—
|||—

I 2.2nF
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48V Telecom UV/OV Monitor with Hysteresis

Vin ° ° -
36V T0 72V R c SYSTEM
Roan - < e 27k 3 1007
' 0.25W '_l | —
Rpoao | = p
160k S M2p | Rpus
Vee 10k
Vuv(Rising): 43.3V ¢—4 ADJT  RST [———> (?&‘(“
Vuv(rALLING): 38.7V LTC2919-2.5 PURGD
. ’ R
Vov(rising): 71.6V o s Fu2
Vov(raLLInG): 70.2V 4 ADJ2 ouT! W 10k
Rria SRpis SRpip2
18.7k 13.7k 681k — REF ouT?2 *—>
ov
M1 ||—
— SEL TMR
GND
s I I
M1, M2: FDG6301N OR SIMILAR -l—
- 2919 TA03
+12V UV Monitor Powered from
12V, 20ms Timeout (1.8V Logic Out)
Cayp
Rce 100nF
10k 1.8V
12v |1_
Rpr2 -
1.07M Vee
ADJ1 RST
MANUAL
Y LTC2919-2.5 Rpy2
RESET 10k
PUSHBUTTON Q = REF oUTH
= Rw~ Ruf
249k 10.7k
-12V ADJ2 ouT2 *>—>
-12V_0OK
— SEL TMR
GND 1 CTMR

*OPTIONAL FOR ESD

—I_ 2.2nF

—_ 2919 TAOTb
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DDB Package

10-Lead Plastic DFN (3mm x 2mm)
(Reference LTC DWG # 05-08-1722 Rev @)

0.64 +0.05
(2 SIDES) ¢

0.70 £0.05

2.55¢+0.05¢ Yo ¢
1.1530.05 {:'Z}

I ‘
1] m m (11 PACKAGE
vy i PH-HE OUTLINE
0.25+0.05 -—>| \:IP ‘
—»| l~—050BsC
<— 2.3940.05 —|
(2 SIDES)

RECOMMENDED SOLDER PAD PITCH AND DIMENSIONS

3.00£0.10 R=0115 0.40 £0.10
(2 SIDES) R=00 e
\ TYP 6 | 10 i
|  WUWOUU [
2.0040.10 ﬁ
PIN 1 BAR 777*7777('2363) 7’{777F774}’ PIN 1
TOP MARK |, | R=0.20 OR
(SEENOTE ) | ™ | osasoss LMD 025 x 45"
‘ (2 SIDES) ‘ 5 ‘ ‘ 1 ‘ ¢Cnumn) DFN 0905 REV 0
0.200 REF 0.75+0.05 0.25+0.05 — ‘ -~
—> |l<—0508SC
l ~<~—2.3910.05
Yl v (2 SIDES)
e e e ¥ Y 55
4 A BOTTOM VIEW—EXPOSED PAD
NOTE:

1. DRAWING CONFORMS TO VERSION (WECD-1) IN JEDEC PACKAGE OUTLINE MO0-229

2. DRAWING NOT TO SCALE
3. ALL DIMENSIONS ARE IN MILLIMETERS

4. DIMENSIONS OF EXPOSED PAD ON BOTTOM OF PACKAGE DO NOT INCLUDE
MOLD FLASH. MOLD FLASH, IF PRESENT, SHALL NOT EXCEED 0.15mm ON ANY SIDE

5. EXPOSED PAD SHALL BE SOLDER PLATED

6. SHADED AREA IS ONLY A REFERENCE FOR PIN 1 LOCATION ON THE TOP AND BOTTOM OF PACKAGE
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MS Package
10-Lead Plastic MSOP
(Reference LTC DWG # 05-08-1661 Rev F)

0.889 £0.127
"(.035 £.005)
(_%%?) 3. 20 3.45
I 126 —.136)
|:| |:| |:| 3.00 £0.102
0305+0.038 | (118 +.004) 0497 0.076
(.0120 £.0015) 0197 (NOTE 3) (0196 +.003)
TYP BSC REF
RECOMMENDED SOLDER PAD LAYOUT
3.00 £0.102
4.90 £0.152 300£0.102
DETAIL “A” 1193 .006) (.118 £.004)
0.254 (1193 2.006) (NOTE 4)
(010) 0°— 6° TYP
GAUGE PLANE —Y — A\ R
f . ‘« 0.53 +0.152
(.021 +.006) 1.10 0.86
. (.043) (.034)
DETAIL “A A REF
0.18 / T
¥
%J k, SEATING vy
PLANE 017027 ]| 4 01016
\ 017-027 || . +0.0508
(.007 - .011) (.004 .002)
0.50
TYP rYreN MSOP (MS) 0213 REV F
NOTE: (0197)
1. DIMENSIONS IN MILLIMETER/(INCH) BSC

2. DRAWING NOT TO SCALE
3. DIMENSION DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS.
MOLD FLASH, PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED 0.152mm (.006") PER SIDE
4. DIMENSION DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSIONS.
INTERLEAD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.152mm (.006") PER SIDE
5. LEAD COPLANARITY (BOTTOM OF LEADS AFTER FORMING) SHALL BE 0.102mm (.004") MAX
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TYPICAL APPLICATION

Powered from 12V, +5Vqyr is Seq
Followed by -5V gyr, With £5V UV

uenced to Start-up First,
Monitor, 200ms Timeout

+12V Rec
1 4.7k
VWA 1 6
T O0.MWF W5y
R Vee
P2
W5V 115k LTC2919-2.5 Reu2
pe/b N ADJ1 SEL |— 10k
CONVERTER o
PWRGD <R
13.7k REF  OUT2 o
Rz == 13R 5 _
Deoe  |-sv A37K ' Aol - SYS_RESET
CONVERTER ® >
SHDN 0UT1 TMR 2919 TA06
GND |
PART NUMBER DESCRIPTION COMMENTS

LTC1326/LTC1326-2.5

Micropower Precision Triple Supply Monitor for
5V/2.5V, 3.3V and ADJ

4.725V, 3.118V, 1V Threshold (+0.75%)

LTC1536

Precision Triple Supply Monitor for PCI Applications

Meets PCI tga Timing Specifications

LTC1540

Nanopower Comparator with Reference

Adjustable Hysteresis

LTC1726-2.5/LTC1726-5

Micropower Triple Supply Monitor for 2.5V/5V, 3.3V
and ADJ

Adjustable Reset and Watchdog Time-Outs

LTC1727/LTC1728 Micropower Triple Supply Monitor with Open-Drain Individual Monitor Outputs in MSOP/5-Lead SOT-23
Reset
LTC1985-1.8 Micropower Triple Supply Monitor with Push-Pull 5-Lead SOT-23 Package
Reset OQutput
LTC2900 Programmable Quad Supply Monitor Adjustable Reset, 10-Lead MSOP and 3mm x 3mm 10-Lead DFN
Package
LTC2901 Programmable Quad Supply Monitor Adjustable Reset and Watchdog Timer, 16-Lead SSOP Package
LTC2902 Programmable Quad Supply Monitor Adjustable Reset and Tolerance, 16-Lead SSOP Package, Margining
Functions
LTC2903 Precision Quad Supply Monitor 6-Lead SOT-23 Package, Ultralow Voltage Reset
LTC2904/LTC2905 3-State Programmable Precision Dual Supply Monitor | Adjustable Tolerance and Reset Timer, 8-Lead SOT-23 Package
LTC2906/LTC2907 Precision Dual Supply Monitor 1-Selectable and Separate Vg Pin, RST/RST Qutputs/Adjustable Reset Timer
1 Adjustable
LTC2908 Precision Six Supply Monitor (Four Fixed and 8-Lead SOT-23 and DFN Packages
2 Adjustable)
LTC2909 Precision, Dual Input UV, OV and Negative Voltage 8-Lead SOT-23 and DFN Packages

Monitor

LTC2912-LTC2914

Single/Dual/Quad UV and OV Voltage Monitors

Separate Vg Pin, Adjustable Reset Timer, H-Grade Temperature Range

LTC2915-LTC2918

Single Voltage Monitor with 27 Unique Thresholds

Manual Reset, Watchdog, TSOT-8/MSOP-10 and 3mm x 2mm DFN
Package, H-Grade Temperature Range

LT6700

Micropower, Low Voltage, Dual Comparator with
400mV Reference

6-Lead SOT-23 Package
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KomnaHus «Life Electronics» 3aHumaemcsi nocmaskamu 351€KmMpPOHHbIX KOMITOHEHMO8 UMIOPMHO20 U
omedyecmeeHHo20 rpouseodcmea om npoudeodumernel u co ckrnados KpyrHbix ducmpubbomopos Esporibi,
AMepuku u Asuu.

C koHua 2013 200a KoMraHusi akmueHo pacwiupsiem fuHelKy MocmagoK KOMIOHEHMO8 0 HarnpaeneHuo
KoakcuarbHbIl kabesb, Keapuesbie 2eHepamopbl U KOHOeHCcamopbi (KepaMuyeckue, nieHoYHbIe,
3neKmposiumuyeckue), 3a cuyém 3akntoyeHuss ducmpubbromopcKux 002060p08

Mbi1 npednasaem:

o KoHKypeHmocnocobHbie UeHbl U CKUOKU MOCMOSIHHbIM KITUeHmMam.

e CrieyuarsnbHbie ycrio8usi 07151 TOCMOSIHHbIX KITUEHIMO8.

e [lod6op aHarnoeos.

lMocmaeky KomMrnoHeHmMo8 8 ftobbix obbemax, y0oernemeopstouUx eawum MompebHoCMSsM.

lpuemnembie cpoku nocmasku, 803MOXHa yCKOPEeHHasi mMocmaska.
Locmaeky mosapa & ritobyto moyky Poccuu u cmpaH CHI™.
KomrinekcHytro nocmasky.

Pabomy no npoekmam u rnocmasky obpa3syos.

®opmuposaHue ckiada nod 3akaszyuka.

Cepmucgbukambl coomeemcmeus Ha rnocmassnseMyro npooyKyuUto (Mo XenaHu KueHma).
o TecmuposaHue nocmasnsemMou npodyKyuu.

e [locmasKy KOMMOHEHMOo8, mMpebyruux 806HHYIO U KOCMUYECKYH MPUEMKY.

e  BxodHoli KOHMposib Ka4yecmea.

e  Hanu4yue cepmugpukama I1SO.

B cocmaee Hawel komnaHuu opeaHu3oeaH KoHcmpykmopckuli omderst, npu3eaHHbIl MomMozamb
paspabomyukam, U UHXEHepaM.

KoHcmpykmopckuli omOen nomoaaem ocyujecmseums:

Pezaucmpauuro npoekma y npousgooumersisi KOMIOHEHMOS.

TexHu4eckyro no0depXKy rnpoekma.

Bawumy om cHaMuUs KOMroHeHma ¢ npoussoocmea.

OueHKy cmoumocmu fpoeKkma ro KOMIOHeHmam.

U3ezomoerneHue mecmosol rnnambl MOHMaX U ryckoHanadoyHbie pabomeil.
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Ten: +7 (812) 336 43 04 (MHO20KaHANbHbI)
Email: org@lifeelectronics.ru

www.lifeelectronics.ru
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