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5 Pin Configuration and Functions

Top View
VAR VAR
Al rout' 1IN
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5-1. YKA Package
4-Bump DSBGA

Top View
£ 5-1. DSBGA Package Pin Functions
PIN
/10 DESCRIPTION
NAME NUMBER
ouT A1 O Comparator output: OUT is push-pull on TLV4041/4051 and open-drain on TLV4021/4031
V+ B1 P Positive (highest) power supply
V- B2 P Negative (lowest) power supply
IN A2 | Comparator input: IN is non-Inverting on TLV4021/4041 and inverting on TLV4031/4051
Top View
v+ [1] 1 5 [T]out
V- [1] 2
NC[I]3 4 [ T1IN
B 5-2. SOT-23 Package
5-pin
Top View
# 5-2. SOT-23 Pin Functions
PIN
/10 DESCRIPTION
NAME NUMBER
V+ 1 Positive (highest) power supply
V- 2 Negative (lowest) power supply
NG 3 . No connect; this pin is not internally connected to the die. It can be grounded if that is preferred in
the system.
IN 4 | Comparator input: IN is inverting on TLV4031/4051
ouT 5 O Comparator output: OUT is push-pull on TLV4041/4051
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT

Supply voltage: Vg = (V+) — (V=) -0.3 6 \%
Input voltage (IN) from (V=) @ -0.3 6 \%
Input Current (IN)@ +10 mA
Output voltage (OUT) from (V-) TLva021, TLV4031 03 6 v

TLV4041, TLV4051 -0.3 (V+)+0.3 \Y
Output short-circuit duration(®) 10 s
Junction temperature, T, 150 °C
Storage temperature, Tgg -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) Input terminals are diode-clamped to (V-). Input signals that can swing more than 0.3 V below (V-) must be current-limited to 10 mA or

less.

In addition, IN can be greater than (V+) and OUT as long as it is within the —0.3 V to 6 V range. Input signals that can swing beyond
this range must be current-limited to 10 mA or less.

(3)  Short-circuit to ground.

6.2 ESD Ratings

VALUE UNIT
v Electrostatic Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +2000 v
(BSD) | discharge Charged-device model (CDM), per JEDEC specification JESD22-C101@ £1000
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT
Supply voltage: Vg = (V+) - (V-) 1.6 5.5 \
Ambient temperature, Tp —40 125 °C
6.4 Thermal Information
TLV40x1
THERMAL METRIC (1) YKA (DSBGA) SOT-23 (DBV) UNIT
4 BUMPS 5 PINS

Resa Junction-to-ambient thermal resistance 205.5 181.7 °C/W
RaJcitop) Junction-to-case (top) thermal resistance 1.8 101.1 °C/W
Ress Junction-to-board thermal resistance 75.3 52.0 °C/W
Wyt Junction-to-top characterization parameter 0.9 28.2 °C/IW
Wi Junction-to-board characterization parameter 74.7 51.6 °C/W
Reuc(bot) Junction-to-case (bottom) thermal resistance N/A N/A °C/W

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

report.
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6.5 Electrical Characteristics
Vs=1.8Vto 5V, typical values are at Tp = 25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Postive-going input threshold |\, _ 4 g/ ang 5 v, T, = 25°C 1.194 12 1.206
voltage
Vi Postive-going input threshold
V;’If;'é’:'go'”g inputthreshold |\, _ 4 8 v and 5V, T, = -40°C to +125°C 1.188 1.212
N — TLV40x1R1 Y
egative-going inpu _ — oro
y threshold voltage Vg=1.8Vand 5V, Tp=25°C 1.174 1.18 1.186
IT-
Negative-going input _ — 00 o
threshold voltage Vg=1.8Vand 5V, Tp=-40°C to +125°C 1.168 1.192
Postive-going input threshold |\, _ 4 g/ ang 5, T, = 25°C 0.197 02 0.203
voltage
Vi Postive-going input threshold
V;fa';’:'gmng input threshold |, — 1 8V and 5V, T = -40°C to +125°C 0.196 0.204
" — TLV40x1R2 Vv
egative-going inpu _ _ opo
y threshold voltage Vg=1.8Vand5V, Ty=25°C 0.177 0.18 0.183
IT- - —
Negative-going input Vg =1.8Vand 5V, Ta=-40°C to +125°C 0.176 0.184
threshold voltage
Postive-going input threshold
voltage Vg=1.8Vand5V, Tp=25C 0.495 0.5 0.505 \Y%
v (TLV40x1R5 only)
™ Postive-going input threshold
voltage Vg=1.8Vand 5V, Ty =-40°C to +125°C 0.49 0.51 \Y
(TLV40x1R5 only)
TLV40x1R5
Negative-going input
threshold voltage Vg=1.8Vand5V, Ty=25°C 0.4752 0.48 0.4848 \%
v (TLV40x1R5 only)
" Negative-going input
threshold voltage Vg=1.8Vand5V, Ty =-40°C to +125°C 0.4704 0.4896 \Y
(TLV40x1R5 only)
\'j;f’;'gee'gm“g inputthreshold |\, ' 4 g/ and 5V, T, = 25°C 3238  3.254 3.270 v
Vi Postive-going input threshold
V;fa';’:'gmng iNputtresnold |y, = 1.8 v and 5V, T = -40°C to +125°C 3.221 3.287 v
" — TLV4021S5x
egative-going inpu _ _ opo
y threshold voltage Vg=1.8Vand5V, Ty=25°C 3.184 3.2 3.216 \%
IT- - —
Negative-going input Vg=1.8Vand 5V, Ta=-40°C to +125°C 3.168 3.232 Vv
threshold voltage
Vhys @ |Input hysteresis voltage Vs=1.8Vand5V, Tp=25C TLV40x1Ry 20 mV
Input hysteresis voltage _ — 9E9
Viys (TLV40x1R5 only) Vg=1.8Vand5V, Ts=25C TLV40x1R5 20 mV
Vhys @ |Input hysteresis voltage Vg=1.8Vand5V, Ty =25C TLV40x1S5x 54 mvV
Vin Input voltage range Ta =-40°C to +125°C V- 55 \Y
Igias Input bias current Over V)\ range 10 pA
Input bias current _
leias (TLV4021S5x only) IN=3.3V 165 WA
Isink = 200 pA, OUT asserted low, 100 mv
v Voltage output swing Vg =5V, Tp=-40°C to +125°C
ol
- from (V) Isink = 3 mA, OUT asserted low, 400 mv
Vg =5V, Tp =-40°C to +125°C
| =200 pA, OUT asserted high,
Voltage output swing \ZOL;REE/’ Tp =—40°C to +125°C 100 mV
Vou from (V+) -
(TLVA4041/4051 only) Isource = 3 mA, OUT asserted high, 400 my
Vg =5V, Ty =—40°C to +125°C
Open-drain output leakage Vs =5V, OUT asserted high
lo.Lke current v = (V4), Ty = 25°C 20 pA
(TLV4021/4031 only) PULLUP A
Isc Short-circuit current Vs =5V, sinking, Ta = 25°C 55 mA
e Vg =5V, sourcing, Tp =25°C
Isc Short-circuit current (TLV4041/4051 only) 50 mA
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6.5 Electrical Characteristics (continued)
Vs =1.8Vto 5V, typical values are at Tp = 25°C.

PARAMETER TEST CONDITIONS TYP MAX UNIT
No load, Tp = 25°C, Output Low, Vg =1.8 V 2 35 uA
la Quiescent current
No load, Ta = —40°C to +125°C, Output Low, Vg = 1.8 V 5 pA
Vpor () | Power-on reset voltage 1.45 \%
(1) See Section 7.4.1 (Power ON Reset) for more details.
(2) See Section 7.4.3 (Switching Thresholds and Hysteresis) for more details.

6.6 Switching Characteristics

Typical values are at Ty = 25°C, Vg = 3.3V, C_ = 15 pF; Input overdrive = 100 mV for TLV40x1Ry & 5% for

TLV4021S5x, Rp=4.99 kQ for open-drain options (unless otherwise noted).

PARAMETER TEST CONDITIONS TYP MAX UNIT
tpHL Propagation delay, high-to-low () Midpoint of input to midpoint of output 360 ns
tpLH Propagation delay, low-to-high (1) Midpoint of input to midpoint of output 360 ns

Propagation delay, high-to-low (1) S . o
tpHL (TLV4021S5x only) Midpoint of input to midpoint of output 2 us
Propagation delay, low-to-high (1)) . . -
tpLH (TLV4021S5x only) Midpoint of input to midpoint of output 2 us
Rise time o o
R (TLV4041/4051 only) 20% 1o 80% 10 ns
te Fall time 20% to 80% 10 ns
ton Power-up time (@ 500 us
(1)  High-to-low and low-to-high refers to the transition at the input.

@)

During power on cycle, Vg must exceed 1.6 V for toy before the output will reflect the condition on the input. Prior to ton elapsing, the

output is controlled by the POR circuit.
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7 Typical Characteristics
at T; = 25°C and Vg = 3.3 V (unless otherwise noted)
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16500
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7 Typical Characteristics (continued)
at T; = 25°C and Vg = 3.3 V (unless otherwise noted)
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7-7. Positive Threshold vs Temperature 7-8. Positive Threshold Histogram
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7-11. Hysteresis vs Temperature 7-12. Hysteresis Histogram
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7 Typical Characteristics (continued)
at T; = 25°C and Vg = 3.3 V (unless otherwise noted)
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7 Typical Characteristics (continued)
at T; = 25°C and Vg = 3.3 V (unless otherwise noted)
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7 Typical Characteristics (continued)
at T; = 25°C and Vg = 3.3 V (unless otherwise noted)
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7-28. Propagation Delay Low-High vs Input Overdrive
2400 6
-40°C -40°C
2200 25°C 55 \ 25°C
2000 85°C 5 85°C
1800 125°C is \ 125°C
1600 4 \\\
—_ « \
2 1400 3 \\
- T~ 35
I 1200 5 \
=3 g 3
1000
800 \ 25 <
600 A\ 2 NG
\\ 15 —
400 - —
200 1
0 20 40 60 80 100 120 140 160 180 200 220 0o 1 2 3 4 5 6 7 8 9 10 11
Vop (mV) Vob (%)
Vg =1.8V to 5V TLV40x1R2 Vg =1.8Vto 5V TLV4021Sx5

7-29. Propagation Delay High-Low vs Input Overdrive

7-30. Propagation Delay Low-High vs Input Overdrive
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7 Typical Characteristics (continued)
at T; = 25°C and Vg = 3.3 V (unless otherwise noted)
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7-31. Propagation Delay High-Low vs Input Overdrive
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8 Detailed Description
8.1 Overview

The TLV40x1 devices are low-power comparators that are well suited for compact, low-current, precision voltage
detection applications. With high-accuracy, switching thresholds options of 0.2V, 0.5 V, 1.2V, and 3.2V, 2uA of
quiescent current, and propagation delay of 450ns and 2us, the TLV40x1 comparator family enables power
conscious systems to monitor and respond quickly to fault conditions.

The TLV40x1Ry comparators assert the output signal as shown in & 8-1. V|1, represents the positive-going
input threshold that causes the comparator output to change state, while V1. represents the negative-going input
threshold that causes the output to change state. Since V|, and V1. are factory trimmed and warranted over
temperature, the TLV40x1 is equally suited for undervoltage and overvoltage applications. In order to monitor
any voltage above the internal reference voltage, an external resistor divider network is required.

The TLV4021S5x functions similar to the TLV40x1Ry comparators except the resistor divider is internal to the
device. Having the resistor divider internal to the device allows the TLV4021S5x to have switching thresholds
higher than the internal reference voltage of 1.2V without any external components.

£ 8-1. TLV40x1 Truth Table

OUTPUT
DEVICE (Vits, Vir) TOPOLOGY INPUT VOLTAGE OUTPUT LOGIC LEVEL
TLV4021R2 | 0.2V, 0.18V . IN > Virs Output high impedance
; Open-Drain
TLV4021R1 1.2V, 1.18V IN <V Output asserted low
TLV4041R2 0.2V, 0.18V IN > V74 Output asserted high
TLV4041R5 0.5V, 0.48V Push-Pull
TLV4041R1 | 1.2V, 1.18V IN < Vir. Output asserted low
TLV4031R2 | 0.2V. 0.18V . IN >V, Output asserted low
N oA Open-Drain
TLV4031R1 1.2v,1.18V IN <V Output high impedance
TLV4051R2 0.2V, 0.18V IN > V74 Output asserted low
TLV4051R5 0.5V, 0.48V Push-Pull ;
TLV4051R1 | 1.2V, 1.18V IN < Vir. Output asserted high
IN > V74 Output high impedance
TLV4021S5x | 3.254V, 3.2V Open-Drain
IN < V| Output asserted low
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8.2 Functional Block Diagram
VpU VPU

TLV4021R2 TLV4021R1 TLV4041R2 TLV4041R1

=

)_

TLV4031R1 TLV4051R2
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8.3 Feature Description

The TLV40x1 is a family of 4-pin, precision, low-power comparators with precision switching thresholds. The
TLV40x1 comparators feature a rail-to-rail input stage with factory programmed switching thresholds for both
rising and falling input waveforms. The comparator family also supports open-drain and push-pull output
configurations as well as non-inverting and inverting inputs.

8.4 Device Functional Modes
8.4.1 Power ON Reset (POR)

The TLV40x1 comparators have a Power-on-Reset (POR) circuit which provides system designers a known
start-up condition for the output of the comparators. When the power supply (Vg) is ramping up or ramping down,
the POR circuit will be active when Vg is below Vpor. For the TLV4021 and TLV4031, the POR circuit will force
the output to High-Z, and for the TLV4041 and TLV4051, the POR circuit will hold the output low at (V-). When
Vg is greater than, or equal to, the minimum recommended operating voltage, the comparator output reflects the
state of the input (IN).

The following pictures represent how the TLV40x1 outputs respond for Vg rising and falling. For the comparators
with open-drain outputs (TLV4021/4031), IN is connected to (V-) to highlight the transition from POR circuit
control to standard comparator operation where the output reflects the input condition. Note how the output goes
low when Vg reaches 1.45V. Likewise, for the comparators with push-pull outputs (TLV4041/4051), the input is

connected to (V+). Note how the output goes high when Vg reaches 1.45V.

5
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] 8-3. TLV4041/4051 Output for Vg Rising 8-4. TLV4041/4051 Output for Vg Falling
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8.4.2 Input (IN)

The TLV40x1 comparators have two inputs: one external input (IN) and one internal input that is connected to
the integrated voltage reference. The comparator rising threshold is trimmed to the reference voltage (V,r+) while
the falling threshold is trimmed to (V|1.). Since the rising and falling thresholds are both trimmed and warranted in
the Electrical Characteristics Table, the TLV40x1 is equally suited for undervoltage and overvoltage detection.
The difference between (V|1+) and (V,1.) is referred to as the comparator hysteresis and is 20 mV for TLV40x1Ry
and 54 mV for TLV4021S5x. The integrated hysteresis makes the TLV40x1 less sensitive to supply-rail noise
and provides stable operation in noisy environments without having to add external positive feedback to create
hysteresis.

The comparator input (IN) is able to swing 5.5 V above (V-) regardless of the device supply voltage. This
includes the instance when no supply voltage is applied to the comparator (Vg = 0 V). As a result, the TLV40x1
is referred to as fault tolerant, meaning it maintains the same high input impedance when Vg is unpowered or
ramping up. While not required in most cases, in order to reduce sensitivity to transients and layout parasitics for
extremely noisy applications, place a 1 nF to 100 nF bypass capacitor at the comparator input.

For the TLV40x1Ry comparators, the input bias current is typically 10 pA for input voltages between (V-) and
(V+) and the value typically doubles for every 10°C temperature increase. The comparator input is protected
from voltages below (V-) by an internal diode connected to (V-). As the input voltage goes below (V-), the
protection diode becomes forward biased and begins to conduct causing the input bias current to increase
exponentially. A series resistor is recommended to limit the input current when sources have signal content that
is less than (V-).

For the TLV4021S5x, the input bias current is limited by the internal resistor divider with typical impedance of 2M
ohms.

8.4.3 Switching Thresholds and Hysteresis (Vqys)
The TLV40x1 transfer curve is shown in [%] 8-5.

* V|1+ represents the positive-going input threshold that causes the comparator output to change from a logic
low state to a logic high state.

* V1. represents the negative-going input threshold that causes the comparator output to change from a logic
high state to a logic low state.

*  Vyys represents the difference between V|1, and V1. and is 20 mV for TLV40x1Ry and 54 mV for
TLV4021S5x.

A
A
Y
A
A

A

Y

Vhys = (Virs) = (Vir)
A

A

A

> >
<

! i

Vir- Virs

B 8-5. Transfer Curve

Vir+ and V. have mV's of variation over temperature. The significant portion of the variation of these
parameters is a result of the internal bandgap voltage from which V|, and V,r. are derived. The following
hysteresis histograms demonstrate the performance of the TLV40x1 hysteresis circuitry. Since the bandgap
reference is used to set V|1, and V1., each of these parameters have a tendency to error (track) in the same
direction. For example, if V|1+ has a positive 0.5% error, V. would have a tendency to have a similar positive
percentage error. As a result, the variation of hysteresis will never be equal to the difference of the highest V1.
value of its range and the lowest V1. value of its range.
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Eq 8-8. Vyyst Histogram (TLV40x1S5, Vg=5V)

8.4.4 Output (OUT)

The TLV4041 and TLV4051 feature a push-pull output stage which eliminates the need for an external pull-up
resistor while providing a low impedance output driver. Likewise, the TLV4021 and TLV4031 feature an open-
drain output stage which enables the output logic levels to be pulled-up to an external source as high as 5.5 V
independent of the supply voltage.

In a typical TLV40x1 application, OUT is connected to an enable input of a processor or a voltage regulator such
as a dc-dc converter or low-dropout regulator (LDO). The open-drain output versions (TLV4021/4031) are used if
the power supply of the comparator is different than the supply voltage of the device being controlled. In this
usage case, a pull-up resistor holds OUT high when the comparator output goes high impedance. The correct
interface-voltage level is provided (also known as level-shifting) by connecting the pull-up resistor on OUT to the
appropriate voltage rail. The TLV4021/4031 output can be pulled up to 5.5 V, independent of the device supply
voltage (Vg). However, if level-shifting is not required, the push-pull output versions (TLV4041/4051) should be
utilized in order to eliminate the need for the pull-up resistor.

18 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: TLV4021 TLV4031 TLV4041 TLV4051
English Data Sheet: SNVSB04


https://www.ti.com/product/ja-jp/tlv4021?qgpn=tlv4021
https://www.ti.com/product/ja-jp/tlv4031?qgpn=tlv4031
https://www.ti.com/product/ja-jp/tlv4041?qgpn=tlv4041
https://www.ti.com/product/ja-jp/tlv4051?qgpn=tlv4051
https://www.ti.com/ja-jp/lit/pdf/JAJSGC6
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSGC6C&partnum=TLV4021
https://www.ti.com/product/ja-jp/tlv4021?qgpn=tlv4021
https://www.ti.com/product/ja-jp/tlv4031?qgpn=tlv4031
https://www.ti.com/product/ja-jp/tlv4041?qgpn=tlv4041
https://www.ti.com/product/ja-jp/tlv4051?qgpn=tlv4051
https://www.ti.com/lit/pdf/SNVSB04

13 TEXAS

INSTRUMENTS TLV4021, TLV4031, TLV4041, TLV4051
www.ti.com/ja-jp JAJSGCEC — MARCH 2019 — REVISED DECEMBER 2021

9 Application and Implementation
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9.1 Application Information

The TLV40x1 is a 4-pin, low-power comparator with a precision, integrated reference. The comparators in this
family are well suited for monitoring voltages and currents in portable, battery powered devices.

9.1.1 Monitoring (V+)

Many applications monitor the same rail that is powering the comparator. In these applications the resistor
divider is simply connected to the (V+) rail.

Supply

V+

IN ouT O—>

B4 9-1. Supply Monitoring
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9.1.2 Monitoring a Voltage Other than (V+)

Some applications monitor rails other than the one that is powering the comparator. In these applications the
resistor divider used to set the desired threshold is connected to the rail that is being monitored.

VMON

B 9-2. Monitoring a Voltage Other than the Supply

The TLV40x1Ry can monitor a voltage greater than the maximum (V+) with the use of an external resistor
divider network. Likewise, the TLV40x1 can monitor voltages as low as the internal reference voltage (0.2 V, 0.5
V, or 1.2 V). The TLV40x1Ry also has the advantage of being able to monitor high impedance sources since the
input bias current of the input (IN) is low. This provides an advantage over voltage supervisors that can only
monitor the voltage rail that is powering them. Supervisors configured in this fashion have limitations in source
impedance and minimum sensing voltage.

9.1.3 VpyLLup to a Voltage Other than (V+)

For applications where the output of the comparator needs to interface with a reset/enable pin that operates from
a different supply voltage, the open-drain comparators (TLV4021/4031) should be selected. In these usage
cases, the output can be pulled up to any voltage that is lower than 5.5V (independent of (V+)). This technique is
commonly referred to as "level-shifting."

Vmon Supply A

(up to 5.5V)

Vi ReutLup

IN out

B 9-3. Level-Shifting
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9.2 Typical Application
9.2.1 Under-Voltage Detection

Under-voltage detection is frequently required in battery-powered, portable electronics to alert the system that a
battery voltage has dropped below the usable voltage level. 9-4 shows a simple under-voltage detection
circuit using the TLV4041R1 which is a non-inverting comparator with an integrated 1.2 V reference and a push-
pull output stage. The non-inverting TLV4041 option was selected in this example since the micro-controller
required an active low signal when an undervoltage level occurs. However, if an active high signal was required,
the TLV4051 option with an inverting input stage would be utilized.

Vear
3.3V

§ Ry V+ V+
TLV4041R1

i~ —
IN _ ouT ALERT
L2v Micro-

N

controller

9-4. Under-Voltage Detection

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

» Operate from 3.3 V power supply that powers the microcontroller.
* Under-voltage alert is active low.
* Logic low output when Vgar is less than 2.0V.

9.2.1.2 Detailed Design Procedure

Configure the circuit as shown in [X| 9-4. Connect (V+) to 3.3 V which also powers the micro-controller. Resistors
R4 and R; 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 the (V|1.) threshold of the TLV4041R1. This causes the comparator output to transition
from a logic high to a logic low. The push-pull option of the TLV40x1 family is selected since the comparator
operating voltage is shared with the microcontroller which is receiving the under-voltage alert signal. The
TLV4041 option with the 1.2 V internal reference is selected because it is the closest internal reference option
that is less than the critical under-voltage level of 2.0 V. Choosing the internal reference option that is closest to
the critical under-voltage level minimizes the resistor divider ratio which optimizes the accuracy of the circuit.
Error at the falling edge threshold of (V,r1.) is amplified by the inverse of the resistor divider ratio. So minimizing
the resistor divider ratio is a way of optimizing voltage monitoring accuracy.
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. 1 is derived from the analysis of [X] 9-4.

(1)
where

* R4 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.
* V1. is the falling edge threshold where the comparator output changes state from high to low

Rearranging =\: 1 and solving for R, yields = 2.

V) = Vir-
=(BAT IT)><

R
1 Vir—

R,
)

For the specific undervoltage detection of 2.0 V using the TLV4041R1, the following results are calculated.

20118 = 695 ka
1 1.18 -
(3)

where

* Ryissetto1 MQ
* Vgarissetto2.0V
* V|r.issetto1.18V

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.

9.2.1.3 Application Curve

———————————————————————— < — — — 203V
N VN —————— - SR ———— — — g

R
ouT
o - — — — —
Normal Operating ‘L Under-Voltage ‘|4 Normal Operating
¢ Voltage 4 Alert 4 Voltage B
9-5. Under-Voltage Detection
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9.2.2 Additional Application Information
9.2.2.1 Pull-up Resistor Selection

For the TLV4021 (open-drain output versions of the TLV40x1 family), care should be taken in selecting the pull-
up resistor (Rpy) value to ensure proper output voltage levels. First, consider the required output high logic level
requirement of the logic device that is being driven by the comparator when calculating the maximum Rpy value.
When in a logic high output state, the output impedance of the comparator is very high but there is a finite
amount of leakage current that needs to be accounted for. Use Ig_ kg from the EC Table and the Vg minimum
from the logic device being driven to determine Rpyy maximum using =X 4.

(Veu — Vir(min))
RPU(max) = —IO LKCfmln)

(4)

Next, determine the minimum value for Rpy by using the V|_ maximum from the logic device being driven. In
order for the comparator output to be recognized as a logic low, V| maximum is used to determine the upper
boundary of the comparator's Vg . Vo maximum for the comparator is available in the EC Table for specific sink
current levels and can also be found from the Vgt versus Igink curve in the Typical Application curves. A good
design practice is to choose a value for Vg maximum that is 1/2 the value of V, maximum for the input logic
device. The corresponding sink current and Vo maximum value will be needed to calculate the minimum Rpy.
This method will ensure enough noise margin for the logic low level. With Vg maximum determined and the
corresponding lgnk Obtained, the minimum Rpy value is calculated with =X 5.

(Vpu — Vor(may)

Rpy(min) = Isink

(5)
Since the range of possible Rpy values is large, a value between 5 kQ and 100 kQ is generally recommended. A

smaller Rpy value provides faster output transition time and better noise immunity, while a larger Rpy value
consumes less power when in a logic low output state.

9.2.2.2 Input Supply Capacitor

Although an input capacitor is not required for stability, for good analog design practice, connect a 100 nF low
equivalent series resistance (ESR) capacitor from (V+) to (V-).

9.2.2.3 Sense Capacitor

Although not required in most cases, for extremely noisy applications, place a 1 nF to 100 nF bypass capacitor
from the comparator input (IN) to the (V-) for good analog design practice. This capacitor placement reduces
device sensitivity to transients.

9.3 What to Do and What Not to Do
Do connect a 100 nF decoupling capacitor from (V+) to (V-) for best system performance.
If the monitored voltage is noisy, do connect a decoupling capacitor from the comparator input (IN) to (V-).

Don't use resistors for the voltage divider that cause the current through them to be less than 100 times the input
current of the comparator without also accounting for the impact on accuracy.

Don't use a pull-up resistor that is too small because the larger current sunk by the output may exceed the
desired low-level output voltage (Vo).
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10 Power Supply Recommendations
These devices operate from an input voltage supply range between 1.7 V and 5.5 V.

11 Layout
11.1 Layout Guidelines

A power supply bypass capacitor of 100 nF is recommended when supply output impedance is high, supply
traces are long, or when excessive noise is expected on the supply lines. Bypass capacitors are also
recommended when the comparator output drives a long trace or is required to drive a capacitive load. Due to
the fast rising and falling edge rates and high-output sink and source capability of the TLV40x1 output stage,
higher than normal quiescent current can be drawn from the power supply when the output transitions. Under
this circumstance, the system would benefit from a bypass capacitor across the supply pins.

11.2 Layout Example

-
e
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D
o
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N
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D
o
. 5
C1(0402)
B 11-1. Layout Example
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12 Device and Documentation Support
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13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
TLV4021R1YKAR Active Production DSBGA (YKA) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 z
TLV4021R1YKAR.A Active Production DSBGA (YKA) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 4
TLV4021R2YKAR Active Production DSBGA (YKA) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 6
TLV4021R2YKAR.A Active Production DSBGA (YKA) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 6
TLV4021S5MYKAR Active Production DSBGA (YKA) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 Q
TLV4021S5MYKAR.A Active Production DSBGA (YKA) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 Q
TLV4021S5YKAR Active Production DSBGA (YKA) | 4 3000 | LARGE T&R Yes SAC396 | SNAGCU  Level-1-260C-UNLIM -40 to 125 O
TLV4021S5YKAR.A Active Production DSBGA (YKA) | 4 3000 | LARGE T&R Yes SAC396 Level-1-260C-UNLIM -40 to 125 o
TLV4031R1YKAR Active Production DSBGA (YKA) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 1
TLV4031R1YKAR.A Active Production DSBGA (YKA) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 1
TLV4031R2YKAR Active Production DSBGA (YKA) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 7
TLV4031R2YKAR.A Active Production DSBGA (YKA) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 7
TLV4041R1YKAR Active Production DSBGA (YKA) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 2
TLV4041R1YKAR.A Active Production DSBGA (YKA) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 2
TLV4041R2YKAR Active Production DSBGA (YKA) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 8
TLV4041R2YKAR.A Active Production DSBGA (YKA) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 8
TLV4041R5DBVR Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 23XT
TLV4041R5DBVR.A Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 23XT
TLV4041R5DBVRG4 Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 23XT
TLV4041R5DBVRG4.A Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 23XT
TLV4041R5YKAR Active Production DSBGA (YKA) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 A
TLV4041R5YKAR.A Active Production DSBGA (YKA) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 A
TLV4051R1YKAR Active Production DSBGA (YKA) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 C
TLV4051R1YKAR.A Active Production DSBGA (YKA) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 C
TLV4051R2DBVR Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 3HQT
TLV4051R2DBVR.A Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 3HQT
TLV4051R2YKAR Active Production DSBGA (YKA) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 9
TLV4051R2YKAR.A Active Production DSBGA (YKA) | 4 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 9
TLV4051R5DBVR Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 2377
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Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
(1) %) @3) Ball material Peak reflow (6)
4 (©)]
TLV4051R5DBVR.A Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 23ZT

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, ROHS Exempt. See the TI RoHS Statement for additional information and value definition.

@ | ead finish/Ball material: Parts 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.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TI'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.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
A |<— KO 4 P1—p|
oo & 0l0 6060 T
ol |eo e | Bo ‘l"
. DiaRriit!er ' '
Cavity +| A0 |+
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
[ [ ]
T Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O O O 0O 0 Sprocket Holes
| |
T T
Q1 : Q2 Q1 : ﬁ
Q3 : Q4 Q3 : User Direction of Feed
— |
Pocket a‘ugdrants
*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)
TLV4021R1YKAR DSBGA YKA 4 3000 180.0 8.4 0.84 | 0.84 | 0.48 4.0 8.0 Q1
TLV4021R2YKAR DSBGA YKA 4 3000 180.0 8.4 0.84 | 0.84 | 0.48 4.0 8.0 Q1
TLV4021S5MYKAR DSBGA YKA 4 3000 180.0 8.4 0.84 | 0.84 | 0.48 4.0 8.0 Q1
TLV4021S5YKAR DSBGA YKA 4 3000 180.0 8.4 0.84 | 0.84 | 0.48 4.0 8.0 Q1
TLV4021S5YKAR DSBGA YKA 4 3000 180.0 8.4 0.84 | 0.84 | 0.48 4.0 8.0 Q1
TLV4031R1YKAR DSBGA YKA 4 3000 180.0 8.4 0.84 | 0.84 | 0.48 4.0 8.0 Q1
TLV4031R2YKAR DSBGA YKA 4 3000 180.0 8.4 0.84 | 0.84 | 0.48 4.0 8.0 Q1
TLV4041R1YKAR DSBGA YKA 4 3000 180.0 8.4 0.84 | 0.84 | 0.48 4.0 8.0 Q1
TLV4041R2YKAR DSBGA YKA 4 3000 180.0 8.4 0.84 | 0.84 | 0.48 4.0 8.0 Q1
TLV4041R5DBVR SOT-23 DBV 5 3000 178.0 9.0 2.4 25 1.2 4.0 8.0 Q3
TLV4041R5DBVRG4 SOT-23 DBV 5 3000 178.0 9.0 2.4 25 1.2 4.0 8.0 Q3
TLV4041R5YKAR DSBGA YKA 4 3000 180.0 8.4 0.84 | 0.84 | 0.48 4.0 8.0 Q1
TLV4051R1YKAR DSBGA YKA 4 3000 180.0 8.4 0.84 | 0.84 | 0.48 4.0 8.0 Q1
TLV4051R2DBVR SOT-23 | DBV 5 3000 178.0 9.0 3.3 3.2 14 4.0 8.0 Q3
TLV4051R2YKAR DSBGA YKA 4 3000 180.0 8.4 0.84 | 0.84 | 0.48 4.0 8.0 Q1
TLV4051R5DBVR SOT-23 DBV 5 3000 178.0 9.0 2.4 2.5 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)
TLV4021R1YKAR DSBGA YKA 4 3000 182.0 182.0 20.0
TLV4021R2YKAR DSBGA YKA 4 3000 182.0 182.0 20.0

TLV4021S5MYKAR DSBGA YKA 4 3000 182.0 182.0 20.0
TLV4021S5YKAR DSBGA YKA 4 3000 182.0 182.0 20.0
TLV4021S5YKAR DSBGA YKA 4 3000 182.0 182.0 20.0
TLV4031R1YKAR DSBGA YKA 4 3000 182.0 182.0 20.0
TLV4031R2YKAR DSBGA YKA 4 3000 182.0 182.0 20.0
TLV4041R1YKAR DSBGA YKA 4 3000 182.0 182.0 20.0
TLV4041R2YKAR DSBGA YKA 4 3000 182.0 182.0 20.0
TLV4041R5DBVR SOT-23 DBV 5 3000 180.0 180.0 18.0

TLV4041R5DBVRG4 SOT-23 DBV 5 3000 180.0 180.0 18.0
TLV4041R5YKAR DSBGA YKA 4 3000 182.0 182.0 20.0
TLV4051R1YKAR DSBGA YKA 4 3000 182.0 182.0 20.0
TLV4051R2DBVR SOT-23 DBV 5 3000 180.0 180.0 18.0
TLV4051R2YKAR DSBGA YKA 4 3000 182.0 182.0 20.0
TLV4051R5DBVR SOT-23 DBV 5 3000 180.0 180.0 18.0
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o PACKAGE OUTLINE

YKAO0004 DSBGA - 0.4 mm max height
DIE SIZE BALL GRID ARRAY
E —T
BALL Al— |-
CORNER
D
0.4 MAX
| g
SEATING PLANE
015 BALL TYP
B
SYMM .
¢ —- D: Max = 0.76 mm, Min= 0.7 mm
A E: Max= 0.76 mm, Min= 0.7 mm
XPois
[ [0.015@) [c[A[B]
4221909/B 08/2018
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.
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EXAMPLE BOARD LAYOUT
YKAO0004 DSBGA - 0.4 mm max height

DIE SIZE BALL GRID ARRAY

(0.35) TYP
L,

4X (©0.2)
1T |
A
SYMM
035 TYP —— - M
e |
’ |
SYMM
¢
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:60X
I\S%’AZB 0.0325 MAX 0.0325 MIN METAL UNDER
SOLDER MASK
SOLDER MASK— EXPOSED EXPOSED N @0.2)
OPENING METAL METAL SOLDER MASK
OPENING
NON-SOLDER MASK
SOLDER MASK
DEFINED DEFINED

(PREFERRED)

SOLDER MASK DETAILS
NOT TO SCALE

4221909/B 08/2018

NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
For more information, see Texas Instruments literature number SNVA009 (www.ti.com/lit/snva009).
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EXAMPLE STENCIL DESIGN
YKAO0004 DSBGA - 0.4 mm max height

DIE SIZE BALL GRID ARRAY

(0.35) TYP ~

4X ([J0.21) !
1 | (R0.05) TYP
|

SYMM

METAL

SOLDER PASTE EXAMPLE
BASED ON 0.075 mm - 0.1 mm THICK STENCIL
SCALE:60X

4221909/B 08/2018

NOTES: (continued)

4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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PACKAGE OUTLINE
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

PIN 1—]
INDEX AREA

4
0.3
\ { 0.15
0.2 [c|AB] NOTE 5 4X0°-15° = @D = =00 "YP
1.45
0.90

GAGE PLANE

f

g’ &/* L \ 1
. TYP 0.6
0 — o3 TYP SEATING PLANE

4214839/K 08/2024

NOTES:

[N

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

. This drawing is subject to change without notice.

. Refernce JEDEC MO-178.

. Body dimensions do not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.25 mm per side.

. Support pin may differ or may not be present.

AOWN

)]
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EXAMPLE BOARD LAYOUT
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

—= BX(11) =

f

5X (0.6)

f
T

2X (0.95)

(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

4214839/K 08/2024

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
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

PKG
—= BX(L1) = ¢

1 1l % | |
5
oo
ﬁ [ I
— ‘ L SYMM
[ Tt

‘ |
T
L7(2-5)4’

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

(RO.05) TYP

4214839/K 08/2024

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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