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5 Pin Configuration and Functions

@)
OouT | 1 6 | V+
V-2 5 | REF
IN+ | 3 4 | IN-

5-1. DCK, DBV Package
6-Pin SC-70, SOT-23

Top View
# 5-1. Pin Functions
PIN
e e 110 DESCRIPTION
1 ouT (0] Comparator Output
2 V- - Negative (lowest) power supply
3 IN+ | Non-inverting comparator input
4 IN— | Inverting comparator input
5 REF O Reference Output
6 V+ - Positive (highest) power supply
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6 Specifications
6.1 Absolute Maximum Ratings TLV3012-Q1 DCK Package Only

Over operating free-air temperature range (unless otherwise noted)(").

MIN MAX UNIT
Supply voltage 7 \%
Signal input pins Voltage®® 05 (v#) +05 v
Current(@) +10 mA
Output short circuit(®) Continuous
Operating temperature -40 125 °C
T, Junction temperature 150 °C
Tstg Storage temperature -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under
Recommended Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device
reliability.

(2) All voltage values are with respect to the network ground pin.

(38)  Short circuit to ground

6.2 Absolute Maximum Ratings - TLV301x-Q1 DBV Package, TLV3011B-Q1 and TLV3012B-Q1

over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT
Supply voltage: Vg = (V+) — (V-) -0.5 7 \%
Input pins (IN+, IN=) from (V-)2) -0.5 7 \Y
Output (OUT) (Open-Drain) from (V-)©) -0.5 7 \Y
Output (OUT) (Push-Pull) from (V-) -0.5 (V+)+0.5 \Y
Output short circuit current(®) 10 mA
Junction temperature, T, 150 °C
Storage temperature, Tgg -65 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If
used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

(2) Input pins are diode-clamped to (V-). Inputs (IN+, IN-) can be greater than (V+) as long as within the —0.5 V to 7 V range. Inputs
beyond —0.3 V must be current-limited to less than —10 mA, while inputs beyond 7 V must be externally voltage clamped.

(3) Output (OUT) for open drain can be greater than (V+) and inputs (IN+, IN-) as long as it is within the —0.5 V to 7 V range

(4)  Short-circuit to (V=) or (V+).

6.3 ESD Ratings

VALUE UNIT
v Electrostatic Human-body model (HBM), per AEC Q100-002((1) +2000 v
€D discharge Charged-device model (CDM), per AEC Q100-0111 +1000

(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
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6.4 Thermal Information - TLV3012-Q1 DCK Package Only

TLV3012-Q1
THERMAL METRIC() DCK (SOT) UNIT
6 PINS
Resa Junction-to-ambient thermal resistance 179.4 °C/W
ReJcitop) Junction-to-case (top) thermal resistance 141.3 °C/W
Reus Junction-to-board thermal resistance 71.2 °C/W
Wyt Junction-to-top characterization parameter 53.6 °C/W
Wis Junction-to-board characterization parameter 71.0 °C/W
Rauc(bot) Junction-to-case (bottom) thermal resistance — °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

6.5 Thermal Information- TLV301x-Q1 DBV Package, TLV3011B-Q1 and TLV3012B-Q1

TLV3011B-Q1, TLV3012B-Q1
THERMAL METRIC(") (SDC(E7KO) (Sg$-\£3) UNIT
6 PINS 6 PINS
Rgua Junction-to-ambient thermal resistance 169.8 162.5 °C/W
Rauctop) Junction-to-case (top) thermal resistance 120.5 78.8 °C/W
Rgys Junction-to-board thermal resistance 63.2 421 °C/W
Wyt Junction-to-top characterization parameter 459 21.2 °C/W
Wi Junction-to-board characterization parameter 63.0 41.9 °C/W
ReJyc(pot) Junction-to-case (bottom) thermal resistance - - °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics report.

6.6 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
Supply voltage: Vg = (V+) - (V-) 1.8 5.5 \Y
Supply voltage: Vg = (V+)—(V-) ‘ B-Versions 1.65 5.5 \
Input voltage range from (V-) -0.2 (V+)+0.2 \%
Output voltage range from (V-) for open drain -0.2 (V+) \%
Output voltage range from (V-) for open drain B-Versions -0.2 55 \%
Ambient temperature, Tp —40 125 °C
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6.7 Electrical Characteristics - TLV3012-Q1 DCK Package Only
Vg=1.8V1to5.5V, atTy=25°C, Voyt = Vs, unless otherwise noted

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
OFFSET VOLTAGE
Vos Input offset voltage Vem=0V,lp=0V 0.5 15 mV
dVog/dT Input offset voltage vs temperature Ta =-40°C to +125°C +12 uv/°eCc
PSRR Power supply rejection ratio Vs=18Vto55V 100 1000 VvV
INPUT BIAS CURRENT
Is Input bias current Vewm = Vs/2 +10 pA
los Input offset current Vem = Vs/2 + pA
INPUT VOLTAGE RANGE
Vem Common-mode voltage range (V-)-0.2 (V+)+0.2 \%
CMRR Common-mode rejection ratio Vou=-02Vio ()~ 15V 60 I dB
Vem=-0.2Vto (V+)+0.2V 54 62
INPUT IMPEDANCE
Common mode 1013 2 Q| pF
Differential 1073 4 Q| pF
OUTPUT
VoL Voltage output low from rail Vs=5V, loyr =-5mA 160 200 mV
Vou Voltage output high from rail Vs =5V, loyt =5 mA 90 200 mV
Short-circuit current See Typif:al
Characteristics
VOLTAGE REFERENCE
Vour Output voltage 1.208 1.242 1.276 \Y
Initial accuracy +1%
dVoyr/drt Temperature drift —40°C=Tp=125°C 40 100 ppm/°C
il e ]
) siNk = U. .
lLoap Output current 0.5 mA
dVoyt/dV|y  Line regulation 1.8V=sVys55V 10 100 puvIv
NOISE
Reference voltage noise f=0.1 Hzto 10 Hz 0.2 mVpp
POWER SUPPLY
Vg Specified voltage 1.8 5.5 \
Operating voltage range 1.8 5.5 \%
la Quiescent current Vs =5V, Vg = High 2.8 5 uA
TEMPERATURE
Operating range —40 125 °C
Storage range -65 150 °C
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6.8 Switching Characteristics - TLV3012-Q1 DCK Package Only

over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

f=10kHz, Vgrgp =1V, 12
input overdrive = 10 mV

Propagation delay time, low to high s
pag y 9 f=10kHZ,VSTEp=1V, H

input overdrive = 100 mV

f=10kHZ,VSTEp=1V, 13.5
input overdrive = 10 mV ’

Propagation delay time, high to low s
pag y 9 f=10kHZ,VSTEp=1V, H

input overdrive = 100 mV 6.5
t, Rise time C_L=10pF 100 ns
te Fall time C_L=10pF 100 ns
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6.9 Electrical Characteristics- TLV301x-Q1 DBV Package, TLV3011B-Q1 and TLV3012B-Q1
For Vg (TOTAL SUPPLY VOLTAGE) = (V+) — (V=) = 1.8V and 5.5V, Vgy = Vs/2 at Tp = 25°C (Unless otherwise noted)

PARAMETER \ TEST CONDITIONS \ MIN TYP MAX|  UNIT
OFFSET VOLTAGE
Input offset _
Vos voltage Vem = (V-) -6 0.3 6 mV
Input offset Vewm = (V=) _
Vos voltage Ta = —40°C to +125°C 9 9 mv
Input offset Vem = (V=) o
dViodT 1 oitage drift Ta = —40°C to +125°C 12 uvrC
power supply Vem = (V)
PSRR reiection ratio Vg=18Vto55V 100 1000 uvIv
) Ta = —40°C to +125°C
power supply Vewm = (V=)
PSRR rejection ratio (B- |Vs=1.65Vt0o5.5V 100 1000 pVvIv
Versions) Ta =—40°C to +125°C
Input hysteresis — _40° o
Vihys voltage Ta =—-40°C to +125°C 2 6 8 mV
INPUT BIAS CURRENT
I Input bias current [Vgy = Vg /2 —10(M) 4.5 10((1) pA
los Input offset current [Vgy = Vg /2 —10(M) +1 10((1) pA
INPUT COMMON MODE RANGE
Common-mode _
VeM-Range voltage range Vg=18Vto55V (V-)-0.2 (V+)+0.2 \Y
CMRR Cqmmon mpde V(:M_= (V=) +1.5Vto (V+) + 0.2V 60 74 dB
rejection ratio Vg=55V
CMRR Cqmmon m(_)de VCM_= (V=)-0.2V to (V+) + 0.2V 54 62 dB
rejection ratio Vs=55V
Input Common 13
Rewm Mode Resistance 10 Q
Input Common
Cic Mode Capacitance 2 PF
INPUT IMPEDANCE
Input Differential 13
Row Mode Resistance 10 Q
Input Differential
Cp Mode 4 pF
Capacitance
OUTPUT
. VS =5V
VoL xg:f%\‘j_s)w'”g lsink = 5 MA 160 200 mvV
Ta =—-40°C to +125°C
Voltage swing Vs=5V
Vou from (V+) (for Isource = 5 MA 90 200 mV
Push-Pull only) Ta =—40°C to +125°C
VOLTAGE REFERENCE
Vout Reference Voltage 1.223 1.242 1.260 \%
Accuracy +0.25% +1.5%
dVoyt/dt Temperature Drift |Tp =—-40°C to +125°C 40 100 ppm/°C
dVout/ Load Regulation, )
dILOAD Sourcing O0mA< ISOURCE <0.5mA 0.36 1 mV/mA
Load Regulation,
Slnklng 0OmA< ISINK <0.5mA 6.6 mV/mA
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6.9 Electrical Characteristics- TLV301x-Q1 DBV Package, TLV3011B-Q1 and TLV3012B-Q1
(continued)

For Vs (TOTAL SUPPLY VOLTAGE) = (V+) — (V=) = 1.8V and 5.5V, Vcy = Vg /2 at T = 25°C (Unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ILOAD Output Current 0.5 mA
dVout/dVs |Line Regulation [1.8V<Vg<55V 10 100((1) pvIiv
Line
dVout/dVs | Regulation (B- 165V <Vg<55V 10 100(M) pvIiv
Versions)
Vhoise Noise f=0.1 Hzto 10 Hz 0.2 mVpp
POWER SUPPLY
Quiescent current . -
la per comparator Output is logic high 2.8 5 HA
I Quiescent current | Output is logic high 7 A
Q per comparator Ta =-40°C to +125°C H
Quiescent current
la per comparator (B-| Output is logic high 2.4 3.1 MA
Versions)
Quiescent current . _
Output is logic high
la per gomparator (B- Ta = —40°C to +125°C 3.6 MA
Versions)
(1) Ensured by characterization
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6.10 Switching Characteristics- TLV301x-Q1 DBV Package, TLV3011B-Q1 and TLV3012B-Q1
For Vg (TOTAL SUPPLY VOLTAGE) = (V+) - (V=)=1.8V and 5.5V, Vg = Vs/ 2 at Ta = 25°C (Unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX‘ UNIT
OUTPUT
T Propagation delay time, low-to- |f =10 kHz, Vgtgp = 1V, Vop =10 mV, C_ = 12 s
PDLH  |high 10 pF H
T Propagation delay time, low-to- |f =10 kHz, Vgrgp = 1V, Vop = 100 mV, C_ 6 s
PDLH  |high =10 pF H
Propagation delay time, low-to- |, _ _ _
TPD-LH high (push-pull output, B- f=10 kI:|z, Vstep = 200mV, Vop = 100 2 4 us
) mV, C_ =10 pF
Version)

T Propagation delay time, high-  |f =10 kHz, Vstep = 1V, Vop = 10 mV, C_ = 135 s
PDHL |5 Jow 10 pF : H
T Propagation delay time, high- |f=10 kHz, Vgrgp = 1V, Vop = 100 mV, C_ 6.5 s
PD-HL to-low =10 pF : H
T Propagation delay time, high- |f= 10 kHz, Vgrgp = 200mV, Vop = 100 > 4 s
PD-HL to-low (B-Versions) mV, C_ = 10 pF H

Output Rise Time, 20% to _

Trise 80%, push-pull output CL=10pF 100 ns
Output Rise Time, 20% to

TriSE 80%, push-pull output (B- C_.=10pF 10 ns
Versions)
Output Rise Time, 20% to 80%, _ _

TRrISE open-drain output RL=10kQ, C_ =10 pF 200 ns

TraLL Output Fall Time, 80% to 20% |C, = 10 pF 100 ns
Output Fall Time, 80% to 20% _

TraLL (B-Versions) CL=10pF 10 ns
Output Fall Time, 80% to 20%, _ _

TFALL open-drain OUtpUt R|_ =10 kQ, CL =10 pF 200 ns
Output Fall Time, 80% to 20%, _ _

TraLL open-drain output (B-Versions) RL=10kQ, €, =10pF 10 ns

ton Power on-time (B-Versions) 1.9 ms
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7 Typical Characteristics - TLV3012-Q1 DCK Package Only
At Ta =25°C, Vg =1.8V to 5.5V, and Input Overdrive = 100 mV, unless otherwise noted.
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7 Typical Characteristics - TLV3012-Q1 DCK Package Only (continued)
At Ta =25°C, Vg =1.8V to 5.5V, and Input Overdrive = 100 mV, unless otherwise noted.
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7 Typical Characteristics - TLV3012-Q1 DCK Package Only (continued)
At Ta =25°C, Vg =1.8V to 5.5V, and Input Overdrive = 100 mV, unless otherwise noted.
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7 Typical Characteristics - TLV3012-Q1 DCK Package Only (continued)
At Ta =25°C, Vg =1.8V to 5.5V, and Input Overdrive = 100 mV, unless otherwise noted.
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8 Typical Characteristics - TLV301x-Q1 DBV Package, TLV3011B-Q1 and TLV3012B-Q1

For Vg (Total Supply Voltage) = (V+) — (V=) = +5V, Vo = Vs /2 at Tp = 25°C , RpyLup = TMQ to V+, C_ = 15pF, Vop =
100mV unless otherwise noted.
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8 Typical Characteristics - TLV301x-Q1 DBV Package, TLV3011B-Q1 and TLV3012B-Q1
(continued)

For Vg (Total Supply Voltage) = (V+) — (V=) = +5V, Vo = Vs /2 at Tp = 25°C , RpyLup = 1TMQ to V+, C = 15pF, Vop =
100mV unless otherwise noted.
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8 Typical Characteristics - TLV301x-Q1 DBV Package, TLV3011B-Q1 and TLV3012B-Q1
(continued)

For Vg (Total Supply Voltage) = (V+) — (V=) = +5V, Vo = Vs /2 at Tp = 25°C , RpyLup = 1TMQ to V+, C = 15pF, Vop =
100mV unless otherwise noted.
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8 Typical Characteristics - TLV301x-Q1 DBV Package, TLV3011B-Q1 and TLV3012B-Q1

(continued)

For Vs (Total Supply Voltage) = (V+) — (V=) = +5V, Vo = Vs /2 at Ta = 25°C , RpyLup = TMQ to V+, Cp = 15pF, Vop =

100mV unless otherwise noted.
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8-23. Hysteresis Voltage vs. Common Mode, 3.3V
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8 Typical Characteristics - TLV301x-Q1 DBV Package, TLV3011B-Q1 and TLV3012B-Q1

(continued)

For Vs (Total Supply Voltage) = (V+) — (V=) = +5V, Vo = Vs /2 at Ta = 25°C , RpyLup = TMQ to V+, Cp = 15pF, Vop =

100mV unless otherwise noted.
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8 Typical Characteristics - TLV301x-Q1 DBV Package, TLV3011B-Q1 and TLV3012B-Q1
(continued)

For Vg (Total Supply Voltage) = (V+) — (V=) = +5V, Vo = Vs /2 at Tp = 25°C , RpyLup = 1TMQ to V+, C = 15pF, Vop =
100mV unless otherwise noted.
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9 Detailed Description
9.1 Overview

The TLV301xB-Q1 is a MicroPower comparator with an integrated reference that is well suited for compact, low-
current, precision voltage detection applications. With a high-accuracy, internal reference of 1.242 V and 3.1 uA
of quiescent current, the TLV301xB-Q1 enables power conscious systems to monitor and respond quickly to
fault conditions.

9.2 Functional Block Diagram
V+

IN+ B

>——- OUT
IN- |~
REF ——+1.242v

-I: Reference

V-

9.3 Feature Description

The TLV301x-Q1 is comprised of a rail-to-rail input comparator with open-drain or push-pull output options and a
voltage reference that is externally available.

9.4 Device Functional Modes

The TLV301x-Q1 requires an operating voltage between 1.8 V and 5.5 V for the comparator output to reflect the
voltage applied to the inputs. Similarly, the reference output (REF) will also be valid over the same operating
voltage range. The "B" versions add hysteresis, power on reset, fail-safe inputs and a 1.65 V minimum supply
voltage.

9.4.1 Open Drain Output (TLV3011-Q1 and TLV3011B-Q1)

The TLV3011-Q1 features an Open-Drain (sinking only) output that allows multiple devices to be driven by a
single pull-up resistor to accomplish an OR function, making the TLV3011-Q1 useful for logic applications. The
value of the pull-up resistor and supply voltage used will affect current consumption due to additional current
drawn when the output is in a low state. This effect can be seen in the typical curve Quiescent Current vs Output
Switching Frequency.

For the TLV3011-Q1, the pull-up voltage must be less than, or equal to, the V+ supply voltage (Vpy_Lup £ V+).
The TLV3011B-Q1 may be pulled-up to any voltage up to 5.5V, regardless of the supply voltage.
9.4.2 Push-Pull Output (TLV3012-Q1 and TLV3012B-Q1)

The TLV3012-Q1 has a "Push-Pull" output capable of both sinking and sourcing current. The push-pull output
stage is optimal for reduced power budget applications by eliminating the need for a pull-up resistor and features
no shoot-through current. Do not tie push-pull outputs together.

9.4.3 Voltage Reference

The integrated 1.242-V voltage reference offers low 100-ppm/°C (maximum) drift provided on a seporate output
pin that allows use of external dividers or to provide a reference voltage for other external circuitry. The reference
is stable with up to a 10-nF capacitive load and can sink or source up to 500pA (typical) of output current.
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9.4.4 TLV3011B-Q1 and TLV3012B-Q1 Fail-Safe inputs

The TLV3011B-Q1 and TLV3012B-Q1 inputs are Fail-Safe up to 5.5V independent of V+ voltage. Fail-Safe is
defined as maintaining the same high input impedance when V+ is unpowered or within the recommended
operating ranges.

The Fail-Safe inputs can be any value between 0 V and 5.5 V, even while V+ is zero or ramping up or down. This
feature avoids power sequencing issues as long as the input voltage range and supply voltage are within the
specified ranges. This is possible since the inputs are not clamped to V+ and the input current maintains its
value even when a higher voltage is applied to the inputs.

As long as one of the input pins remains within the valid input range, and the supply voltage is valid and not in
POR, the output state will be correct.

The following is a summary of the TLV3011B-Q1 and TLV3012B-Q1 device input voltage excursions and their

outcomes:

1. When both IN- and IN+ are within the specified input voltage range:
a. If IN-is higher than IN+ and the offset voltage, the output is low.
b. If IN-is lower than IN+ and the offset voltage, the output is high.

2. When IN- is higher than the specified input voltage range and IN+ is within the specified voltage range, the
output is low.

3. When IN+ is higher than the specified input voltage range and IN- is within the specified input voltage range,
the output is high

4. When IN- and IN+ are both outside the specified input voltage range, the output state is indeterminate
(random). Do not operate in this region.

Because the inputs do not have upper ESD diode clamps to V+, input voltages must be externally clamped to
below 5.5 V if the source could possibly exceed 5.5 V. A current limiting resistor in series with the input is also
recommend in case of input transients.

9.4.5 TLV3011B-Q1 and TLV3012B-Q1 Power On Reset

The TLV3011B-Q1 and TLV3012B-Q1 have an internal Power-on-Reset (POR) circuit for known start-up or
power-down conditions. While the power supply (V+) is ramping up or ramping down, the POR circuitry will be
activated for up to 1.9ms after the minimum supply voltage threshold is crossed, or immediately when the supply
voltage drops below minimum supply. When the supply voltage is equal to or greater than the minimum supply
voltage, and after the delay period, the comparator output reflects the state of the differential input (V|p). This
delay is long enough to allow the reference output to stabilize with up to a 10nF capacitive load.

During the POR period (ty), the outputs will be the following:

* The open drain output TLV3011B-Q1 will be high (Hi-Z).
* The push-pull output TLV3012B-Q1 will be low (sinking).

¢——Power On Reset Time (ton)———p>!
(Y
[

Vs / f :
Von /2

ouTt /VOL \//—

B 9-1. Power-On Reset Example Timing Diagram for Push-Pull Output

Note that it the nature of an open collector output that the output will rise with the pull-up voltage during the HI-Z
POR period.
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10 Application and Implementation

&
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RAEVZLER A, fll 2 O BB 2/ OBEAEVEIC DN TR, BERROEETHMTL TV o72<Zeic
MFET, BERITIAH ORGIRELHFEL T AN LT, VAT AOKREZHERR T DM BRDHY ET,

10.1 Application Information

The TLV301x-Q1 and TLV301xB-Q1 comparator family with on-chip 1.242-V series reference with the choice of
either open-drain or push-pull output stages.

A typical supply current of 2.4 pA and small packaging combine with 1.65-V supply requirements to make the
TLV301xB-Q1 devices optimal for battery and portable designs.

[X] 10-1 shows the typical connections for the TLV3012-Q1 device.

O VOUT

Copyright © 2016, Texas Instruments Incorporated

¥ 10-1. Basic Connections

10.1.1 External Hysteresis

Comparator inputs have no noise immunity within the range of the specified offset voltage. For noisy input
signals, the comparator output may display multiple switching as input signals move through the switching
threshold. The typical comparator threshold of the TLV3012-Q1 device is £0.5 mV. To prevent multiple switching
within the comparator threshold of the TLV3012-Q1 device, external hysteresis may be added by connecting a
small amount of feedback to the positive input. [X] 10-2 shows a typical topology used to introduce hysteresis,
described by =X 1.

v = VExRI
ST R1+R2 (1)
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R1
39kQ Viysr = 0.38 V

Vrer
Copyright © 2016, Texas Instruments Incorporated

10-2. Adding Hysteresis

The Vyyst voltage sets the value of the transition voltage required to switch the comparator output by increasing
the threshold region, thereby reducing sensitivity to noise.

10.1.2 TLV3011B-Q1 and TLV3012B-Q1 Hysteresis

The TLV3011B-Q1 and TLV3012B-Q1 have typically 6mV of built-in hysteresis. External hysteresis can still be
added as explained in the previous section.

10.2 Typical Application

10.2.1 Under-Voltage Detection

Under-voltage detection is frequently required to alert the system that a battery voltage has dropped below the
usable voltage level. Figure 23 shows a simple under-voltage detection circuit using the TLV3012-Q1 which is

configured as a non-inverting comparator with the integrated 1.242 V reference is externally connected to the
inverting input pin (IN-).

VBAT
§ Rl V+
4> ALERT
R TLV3012-Q1 controller

10-3. Under-Voltage Detection

10.2.1.1 Design Requirements
For this design, follow these design requirements:

» Operate from power supply that powers the microcontroller.
* Under-voltage alert is active low.
* Logic low output when Vpar is less than 2.0V.
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10.2.1.2 Detailed Design Procedure

Configure the circuit as shown in [%] 10-3. Connect (V+) to Vgar Which also powers the microcontroller. Resistors
R4 and R5 create the under-voltage alert level of 2.0 V. When the battery voltage sags down to 2.0 V, the resistor
divider voltage crosses VRgr, the 1.242 V reference threshold of the TLV3012-Q1. This causes the comparator
output to transition from a logic high to a logic low. The push-pull output of the TLV3012-Q1 is selected since the
comparator operating voltage is shared with the microcontroller which is receiving the under-voltage alert signal.

7 2 is derived from the analysis of [X] 10-3.

V, Ry \V
= —X
REF R +R,  'BAT

)

where

* Ry and R; are the resistor values for the resistor divider connected to IN+
* Vpgar is the voltage source that is being monitored for an undervoltage condition.
* Vger is the falling edge threshold where the comparator output changes state from high to low

Rearranging =\ 2 and solving for R4 yields = 3.

_ (VBar — Vger)
=20 i

Ry Ry

VREFR

©)

For the specific undervoltage detection of 2.0 V using the TLV3012-Q1, the following results are calculated.

R, =0 124D Ly 610 kQ
1 1.242 -

(4)

where

* Ryissetto 1 MQ
e Vgarissetto2.0V
* VgRerissetto1.242V

Choose RrotaL (R1 + Ry) such that the current through the divider is at least 100 times higher than the input bias
current (Igjas). The resistors can have high values to minimize current consumption in the circuit without adding
significant error to the resistive divider.
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10.2.1.3 Application Curve

<
(ve)
>
=
=
[ R R R R SR

0.00—
3.30
OUT (V) |
000 ] T LI T T T 1 1 L L ‘ 1 1 T T 1 1 ‘ 1 1 T T 1 1 L L 1 1 T T T LI T
1.30 1.45 1.60 1.75 1.90 2.05 2.20
Time (s)
10-4.

10.3 System Examples
10.3.1 Power-On Reset

The reset circuit shown in [¥] 10-5 provides a time-delayed release of reset to the MSP430™ microcontroller.
Operation of the circuit is based on a stabilization time constant of the supply voltage, rather than on a
predetermined voltage value. The negative input is a reference voltage created by the internal voltage reference.
The positive input is an RC circuit that provides a power-up delay. When power is applied, the output of the
comparator is low, holding the processor in the reset condition. Only after allowing time for the supply voltage to
stabilize does the positive input of the comparator become higher than the negative input, resulting in a high
output state, releasing the processor for operation. The stabilization time required for the supply voltage is
adjustable by the selection of the RC component values. Use of a lower-valued resistor in this portion of the
circuit does not increase current consumption, because no current flows through the RC circuit after the supply
has stabilized.

26 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: TLV3011-Q1 TLV3012-Q1 TLV3011B-Q1 TLV3012B-Q1
English Data Sheet: SBOS551


http://www.ti.com/lsds/ti/microcontrollers_16-bit_32-bit/msp/overview.page
https://www.ti.com/product/ja-jp/tlv3011-q1?qgpn=tlv3011-q1
https://www.ti.com/product/ja-jp/tlv3012-q1?qgpn=tlv3012-q1
https://www.ti.com/product/ja-jp/tlv3011b-q1?qgpn=tlv3011b-q1
https://www.ti.com/product/ja-jp/tlv3012b-q1?qgpn=tlv3012b-q1
https://www.ti.com/ja-jp/lit/pdf/JAJSP02
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSP02C&partnum=TLV3011-Q1
https://www.ti.com/product/ja-jp/tlv3011-q1?qgpn=tlv3011-q1
https://www.ti.com/product/ja-jp/tlv3012-q1?qgpn=tlv3012-q1
https://www.ti.com/product/ja-jp/tlv3011b-q1?qgpn=tlv3011b-q1
https://www.ti.com/product/ja-jp/tlv3012b-q1?qgpn=tlv3012b-q1
https://www.ti.com/lit/pdf/SBOS551

13 TEXAS

INSTRUMENTS TLV3011-Q1, TLV3012-Q1, TLV3011B-Q1, TLV3012B-Q1
www.ti.com/ja-jp JAJSP02C — MARCH 2011 — REVISED APRIL 2023
V+
R1
DI e MSP430™
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10 nF T TLV3012-Q1.>——— RESET

1.242V
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Eq 10-5. TLV3012-Q1 Configured as Power-Up Reset Circuit for the MSP430™ Microcontroller

The reset delay needed depends on the power-up characteristics of the system power supply. R4 and C4 are
selected to allow enough time for the power supply to stabilize. D4 provides rapid reset if power is lost. In this
example, the Ry x C time constant is 10 ms.

10.3.2 Relaxation Oscillator

The TLV3012-Q1 device can be configured as a relaxation oscillator to provide a simple and inexpensive clock
output (see 10-6). The capacitor is charged at a rate of T = 0.69RC and discharges at a rate of 0.69RC.
Therefore, the period is T = 1.38RC. R4y may be a different value than Ro.

c
1000 pF
| Y,
il — MAA our
TLV3012-Q1
* -t
R2 / R2 >
1M 1M F =724 Hz
V+ ( )—‘\/\/\,
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10-6. TLV3012-Q1 Configured as Relaxation Oscillator

10.4 Power Supply Recommendations

The TLV3012-Q1 has a recommended operating voltage range (Vg) of 1.8 V to 5.5 V. Vg is defined as (V+) —
(V-). Therefore, the supply voltages used to create Vg can be single-ended or bipolar. For example, single-ended
supply voltages of 5 V and 0 V and bipolar supply voltages of +2.5 V and —2.5 V create comparable operating
voltages for Vs. However, when bipolar supply voltages are used, it is important to realize that the reference
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(REF) and logic low level of the comparator output is referenced to (V-). Output capacitive loading and output
toggle rate will cause the average supply current to rise over the quiescent current in the EC Table.

10.5 Layout
10.5.1 Layout Guidelines

To minimize supply noise, power supplies should be capacitively decoupled by a 0.1-yF ceramic capacitor.
Comparators are sensitive to input noise and precautions such as proper grounding (use of ground plane),
supply bypassing, and guarding of high-impedance nodes minimize the effects of noise and help to ensure
specified performance.

10.5.2 Layout Example

Ci1
GND

ouT CHEEEEEE[|oUT v+ :

ano O V- REF
VIN IN+ IN-
GND SOT-23

R1
R2

10-7. Layout Example
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11.3 Trademarks

MSP430™ is a trademark of Texas Instruments.
TI E2E™ is a trademark of Texas Instruments.
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12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ® (415)
(6)
TLV3011AQDBVRQ1 ACTIVE SOT-23 DBV 6 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 2Q7F
TLV3011AQDCKRQ1 ACTIVE SC70 DCK 6 3000 RoOHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 1M6
TLV3011BQDBVRQ1 ACTIVE SOT-23 DBV 6 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 31IF
TLV3011BQDCKRQ1 ACTIVE SC70 DCK 6 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 106
TLV3012AQDBVRQ1 ACTIVE SOT-23 DBV 6 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 2Q8F
TLV3012AQDCKRQ1 ACTIVE SC70 DCK 6 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 BPF
TLV3012BQDBVRQ1 ACTIVE SOT-23 DBV 6 3000 RoOHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 31JF
TLV3012BQDCKRQ1 ACTIVE SC70 DCK 6 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 107

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If aline is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.
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® | ead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF TLV3011-Q1, TLV3011B-Q1, TLV3012-Q1, TLV3012B-Q1 :
o Catalog : TLV3011, TLV3011B, TLV3012, TLV3012B

¢ Enhanced Product : TLV3011-EP

NOTE: Qualified Version Definitions:

o Catalog - TI's standard catalog product

e Enhanced Product - Supports Defense, Aerospace and Medical Applications
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 [¢ KO [« P1L—>
LR ey R g T
el o e Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O OO 0O 0O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TLV3011AQDBVRQ1 SOT-23 DBV 6 3000 180.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
TLV3011AQDCKRQ1 SC70 DCK 6 3000 178.0 9.0 24 25 12 4.0 8.0 Q3
TLV3011BQDBVRQ1 SOT-23 DBV 6 3000 180.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
TLV3011BQDCKRQ1 SC70 DCK 6 3000 178.0 9.0 2.4 25 1.2 4.0 8.0 Q3
TLV3012AQDBVRQ1 SOT-23 DBV 6 3000 180.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
TLV3012AQDCKRQ1 SC70 DCK 6 3000 179.0 8.4 22 25 12 4.0 8.0 Q3
TLV3012BQDBVRQ1 SOT-23 DBV 6 3000 180.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
TLV3012BQDCKRQ1 SC70 DCK 6 3000 178.0 9.0 2.4 25 1.2 4.0 8.0 Q3
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

TLV3011AQDBVRQ1 SOT-23 DBV 6 3000 210.0 185.0 35.0
TLV3011AQDCKRQ1 SC70 DCK 6 3000 180.0 180.0 18.0
TLV3011BQDBVRQ1 SOT-23 DBV 6 3000 210.0 185.0 35.0
TLV3011BQDCKRQ1 SC70 DCK 6 3000 180.0 180.0 18.0
TLV3012AQDBVRQ1 SOT-23 DBV 6 3000 210.0 185.0 35.0
TLV3012AQDCKRQ1 SC70 DCK 6 3000 200.0 183.0 25.0
TLV3012BQDBVRQ1 SOT-23 DBV 6 3000 210.0 185.0 35.0
TLV3012BQDCKRQ1 SC70 DCK 6 3000 180.0 180.0 18.0
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PACKAGE OUTLINE
DBVOOO6A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

=
PIN 1—

INDEX AREA f/ﬁ\

|

. _ 6 \

|

2x !

3.05 l

2.75 I

- 5 ‘

|

|

|

|

L N ?

4 |

3 J—/J

6% 025 - ’ —
[ |0.2@ [c]A[8] (@) = = OGO TYP

= 1.45 MAX —=

0.25
GAGE PLANE

e L L \ T
. TYP 0.6
0 — o3 TYP SEATING PLANE

ALTERNATIVE PACKAGE SINGULATION VIEW

4214840/E 02/2024

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. Body dimensions do not include mold flash or protrusion. Mold flash and protrusion shall not exceed 0.25 per side.

4. Leads 1,2,3 may be wider than leads 4,5,6 for package orientation.

5. Refernce JEDEC MO-178.
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EXAMPLE BOARD LAYOUT
DBVOOO6A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

1 1

6X (0.6)

f
T

2X (0.95)

J

SYMM

(R0.05) TYP

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:15X

SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING \‘ SOLDER MASK‘\
|
/
EXPOSED METAL— |
J L 0.07 MAX JL 0.07 MIN

EXPOSED METAL

ARROUND ARROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4214840/E 02/2024

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DBVOOO6A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

PKG
— BX(L1) = ¢
1 | ‘ -
6X (0.6) ! ‘ |
f 4 [ + ®
| |
‘ SYMM
[ ‘ et
2X(0.95) |
L T ‘ T
R -

(R0.05) TYP / 2.6)

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:15X

4214840/E 02/2024

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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MECHANICAL DATA

DCK (R—PDSO—GB) PLASTIC SMALL—OUTLINE PACKAGE
15
6 4|
H ﬁq H T
2,40
1,40 @

X" 1 7110 ' Gauge Plane

’ Seating Plane

Pin 1
Index Area

L Seotmg Plane

(=)
o
O

4093553-4/G  01/2007

NOTES: Al linear dimensions are in millimeters.
This drawing is subject to change without notice.
Body dimensions do not include mold flash or protrusion. Mold flash and protrusion shall not exceed 0.15 per side.

Falls within JEDEC MO-203 variation AB.
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LAND PATTERN DATA

DCK (R—PDSO—G6)

PLASTIC SMALL OUTLINE

Example Board Layout

] )
]

H “\D

‘&MO 65

/

RN
/ NN

/S})\der Mask Opening

I P/Z]d Geometry

Stencil Openings
Based on a stencil thickness

of .127mm (.005inch).

6x0,35—  (—

e
HE-

‘k 4x0,65

~— 2x1,30 —

\ |
\ ﬁ 0,05 /
\ 0,50/
v
~
4210356-3/C 07/
NOTES: All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC=7351 is recommended for alternate designs.

metal load solder paste.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.
contact their board assembly site for stencil design recommendations.

Customers should place a note on the circuit board fabrication drawing not to alter the center solder mask defined pad.

Customers should
Example stencil design based on a 50% volumetric

Refer to IPC-7525 for other stencil recommendations.
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