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TLV6710 Micropower, 36-V Window Comparator With 400-mV Reference

1 Features 3 Description

« High Supply Voltage Range: 1.8 V to 36 V The TLV6710 is a high voltage window comparator
. Adiustable Threshold: D t0 400 MV that operates over a 1.8 V to 36 V range. The_dewce
justable Threshold: Down to 4U0'm has two high-accuracy comparators with an internal
* High Threshold Accuracy: 400-mV reference and two open-drain outputs rated
— 0.25% (Typical) to 25 V. The TLV6710 can be used as a window
— 0.75% Max Over Temperature comparator or as two independent comparators; the
T ) monitored voltage can be set with the use of external

» Low Quiescent Current: 7 pA (Typical) resistors.

» Open-Drain Outputs

OUTA is driven low when the voltage at INA+ drops

* Internal Hysteresis: 5.5 mV (Typical) below (Virp — Viys), and goes high when the voltage
« Temperature Range: —40°C to 125°C returns above the respective threshold (Vp). OUTB
. Package: Thin SOT-23-6 is driven low when the voltage at INB- rises above

Ve, and goes high when the voltage drops below the
respective threshold (Vitp — Vuys). Both comparators

2 Applications in the TLV6710 include built-in hysteresis to reject

» Notebook PCs and Tablets brief glitches, thereby ensuring stable output
« Smartphones operation without false triggering.

» Digital Cameras The TLV6710 is available in a Thin SOT-23-6
«  Video Game Controllers package and is specified over the junction

temperature range of —40°C to 125°C.
» Relays and Circuit Breakers P g

« Portable Medical Devices Device Information®
« Door and Window Sensors PART NUMBER PACKAGE BODY SIZE (NOM)
* Portable- and Battery-Powered Products TLV6710 SOT-23 (6) 2.90 mm x 1.60 mm

(1) For all available packages, see the package option addendum
at the end of the data sheet.

Simplified Block Diagram
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.


http://www.ti.com/product/tlv6710?qgpn=tlv6710
http://www.ti.com/product/TLV6710?dcmp=dsproject&hqs=pf
http://www.ti.com/product/TLV6710?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.ti.com/product/TLV6710?dcmp=dsproject&hqs=td&#doctype2
http://www.ti.com/product/TLV6710?dcmp=dsproject&hqs=sw&#desKit
http://www.ti.com/product/TLV6710?dcmp=dsproject&hqs=support&#community

I} TEXAS
INSTRUMENTS
TLV6710
SNVSAV4B —JANUARY 2018—REVISED OCTOBER 2018 www.ti.com
Table of Contents
1 FAUIES ..o 1 8.4 Device Functional Modes..............cccooiiniiiiiiiininnn 11
2 APPHCALIONS .ciiiiiiceece e 1 9 Application and Implementation ........................ 12
3 DESCIIPLION e 1 9.1 Application Information..............cccccooeniiiiiiinns 12
4 REVISION HiSTOIY..o.ouovieeeeieeeeeeeeeeeeeeeeerereeeeeean, 2 9.2 Typical Application .........ccccceveviiriiiiciieiic e 15
5 Device Comparison Table.........c..cccooeerrrverrernnnnn. 3 9.3 DO'S and DON'S....covvsssvvvvees R 1
6 Pin Configuration and FUNCtions ...........c........... 3 10 Power Supply Recommendations ... 18
7 SPECIHiCAtIONS. ... 4 11 Layout............ s 19
7.1 Absolute Maximum RAtNGS ......rrrvrroorreeereeeereeeeeeeee 4 11.1 Layout GUIdeliNeS .......cccceevieriiiiieiiecieeec e 19
7.2 ESD RAUNGS.......eeeeoeeeeeeoeoeeoeoeeoeoeeeeeeeeeeeeeeeeeesseeeeennes 4 11.2 Layout EXample ......ccccceeeiiieiiiiieiieeeeee e 19
7.3 Recommended Operating Conditions...................... 4 12 Device and Documentation SUPpOrt............... 20
7.4 Thermal INfOrMatioN e e 4 12.1 Device Support ...................................................... 20
7.5 Electrical Characteristics...........cccoovvvevrrrvrernennennn. 5 122 DocUmentation SUPPOIT ...........occeevivvinieiisniiinnes 20
7.6 Timing REQUIFEMENES .........coeeevivereiieeeceeieie e 6 12.3 Receiving Notification of Documentation Updates 20
7.7 Typical CRAraCteriSticS . ..verereeeereerrereeeereresseereeeeons 7 12.4 Community RESOUICES.......cccccuvirvirrieiieieinieeee 20
8 Detailed DeSCriptioN .........ccccoocveveruereciereieneeienena. 10 12,5 Trademarks .........ccooessssive s 20
8.1 OVEIVIEW .oeiiiieiiiee et e teee sttt ee e e e 10 12.6 Electrostatic Discharge Caution.....................c..... 20
8.2 Functional BIOCK DIagram ..............cccooooerrrrrrrrrsrers 10 12.7 Glgssary ............. s 20
8.3 Feature DesCription...........ccovveiiiinienienie e 11 13 Mechanical, Packaging, and Orderable
INFOrMation .........coooiiiiiiiii e 20
4 Revision History
Changes from Revision A (April 2018) to Revision B Page
* Changed output Description text from 36V to 25V on front page Simplified Block Diagram, Description and
FaYo]ollTer=\iTo] o [l (o] g aF=u o] g IRST=Tox 1T ] o LS T PRSP PPTUPUPPRR 1
Changes from Original (January 2018) to Revision A Page
¢ Changed Advance Information t0 ProduCtion DAta ............ccccuieiiiiiiiiee i c s e e st e e e e s e e e e e st e e e e s stae e e e e s entbaeeeesensaaeas 1

Submit Documentation Feedback

Copyright © 2018, Texas Instruments Incorporated

Product Folder Links: TLV6710


http://www.ti.com/product/tlv6710?qgpn=tlv6710
http://www.ti.com
http://www.ti.com/product/tlv6710?qgpn=tlv6710
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVSAV4B&partnum=TLV6710

13 TEXAS
INSTRUMENTS

www.ti.com

TLV6710
SNVSAV4B —JANUARY 2018—REVISED OCTOBER 2018

5 Device Comparison Table

Table 1. TLV67xx Integrated Comparator Family

PART NUMBER CONFIGURATION VOE‘?EEQEEEGE THRESH%LNIIDPAEE(;%J_SQEY SEER
TLV6700 Window 1.8V to 18V 1%
TLV6703 Non-Inverting Single Channel 1.8V to 18V 1%
TLV6710 Window 1.8V to 36V 0.75%
TLV6713 Non-Inverting Single Channel 1.8V to 36V 0.75%

6 Pin Configuration and Functions

DDC Package

SOT-6
(Top View)
OUTA | 1 6 | OUTB
GND | 2 5 | vDD
INA| 3 4 | INB
Pin Functions
PIN
110 DESCRIPTION

NAME NO.
GND 2 — Ground

Comparator A input. This pin is connected to the voltage to be monitored with the use of an
INA 3 | external resistor divider. When the voltage at this terminal drops below the threshold voltage

Vir_ana)y, OUTA is driven low.

Comparator B input. This pin is connected to the voltage to be monitored with the use of an
INB 4 | external resistor divider. When the voltage at this terminal exceeds the threshold voltage

Vir+(ng), OUTB is driven low.
OUTA 1 o INA comparator open-drain output. OUTA is driven low when the voltage at this comparator

is less than Vir_gna)- The output goes high when the sense voltage rises above Vir.(na)-
oUTB 6 o INB comparator open-drain output. OUTB is driven low when the voltage at this comparator

exceeds Vr.ng)- The output goes high when the sense voltage falls below Vir_inp)-
VDD 5 | Supply voltage input. Connect a 1.8-V to 36-V supply to VDD to power the device. It is good

analog design practice to place a 0.1-pF ceramic capacitor close to this pin.
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7 Specifications

7.1 Absolute Maximum Ratings
Over operating junction temperature range, unless otherwise noted.®

MIN MAX UNIT
Vb -0.3 +40 \Y
VOItage(z) Vouta: VouTts -0.3 +28 \%
Vinas Ving -0.3 +7 \4
Current Output pin current 40 mA
Operating junction, T; -40 +125 °C
Temperature
Storage temperature, Tgy -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 voltages are with respect to network ground terminal.

7.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001®) +2000
Veeso) Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22-C101 +500 v
(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.
7.3 Recommended Operating Conditions
over operating junction temperature range (unless otherwise noted)
MIN NOM MAX UNIT
Vpp Supply pin voltage 1.8 36 \%
Vinas Vine Input pin voltage 0 1.7 \%
Vouta: VouTs Output pin voltage 0 25 \%
louta: louTs Output pin current 0 10 mA
T, Junction temperature -40 +25 +125 °C
7.4 Thermal Information
TLV6710
THERMAL METRIC® DDC (SOT) UNITS
6 PINS
Rosa Junction-to-ambient thermal resistance 201.6 °C/W
RoJc(top) Junction-to-case (top) thermal resistance 47.8 °C/W
Ross Junction-to-board thermal resistance 51.2 °C/W
LAL Junction-to-top characterization parameter 0.7 °C/W
Vi Junction-to-board characterization parameter 50.8 °CIW
RoJc(bot Junction-to-case (bottom) thermal resistance N/A °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report (SPRA953).
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7.5 Electrical Characteristics

Over the operating temperature range of T; = —40°C to +125°C, 1.8 V < Vpp < 36 V, and pullup resistors RP; , = 100 ke,
unless otherwise noted. Typical values are at T; = 25°C and Vpp = 12 V.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vpp Supply voltage range 1.8 36 \%
V(poR) Power-on reset voltage® VoL 0.2V 08| V
Vir_ana)y  INA pin negative input threshold voltage | Vpp = 1.8 V t0 36 V 397 400 403 mV
Virsanay  INA pin positive input threshold voltage | Vpp = 1.8 Vt0 36 V 400 405.5 413 mV
INA pin hysteresis voltage
V 2 5.5 12 mV
HYSINA (HYS = Virena = Vit-anm)
Vir_gns)  INB pin negative input threshold voltage | Vpp = 1.8 V to 36 V 387 394.5 400 mV
Vir+aney  INB pin positive input threshold voltage | Vpp =1.8 V1o 36 V 397 400 403 mV
INB pin hysteresis voltage
V 2 5.2 12 mvV
HYSINB)  (HYS = Vir(ng) — ViT-ng))

Vpp =18V, lopyt=3 mA 130 250 mV
VoL Low-level output voltage

Vopb =5V, lout=5mMA 150 250 mV

Vpp =18V and 36V, Viya, Ving = 6.5V -25 +1 +25 nA
N Input current (at INA, INB pins) bo INA, TINB

Vpp =18V and 36 V, Vina: Ving = 0.1V -15 +1 +15 nA
Ipgeak) Open-drain output leakage current Vpp=18Vand 36V, Voyr =25V 10 300 nA
Ipp Supply current Vpp=18V-36V 8 11 HA
UVLO Undervoltage lockout® Vpp falling 1.3 15 17| VvV

(1) The lowest supply voltage (Vpp) at which output is active; tppy > 15 ps/V. If less than V(por), the output is undetermined.
(2) When Vpp falls below UVLO, OUTA is driven low and OUTB goes to high impedance. The outputs cannot be determined if less than

V(PoR)-
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7.6 Timing Requirements

PARAMETER TEST CONDITION MIN TYP  MAX| UNIT
fp . @ Vpp = 24 V, £10-mV input overdrive,
tod(HL) High-to-low propagation delay Rp = 100 k€, Vo = 0.9 X Vpp, VoL = 250 mV 9.9 us
. . @ Vpp = 24 V, #10-mV input overdrive,
tpd(LH) Low-to-high propagation delay Ry = 100 kQ, Vop = 0.9 X Vpp, VoL = 250 mV 28.1 us
tystary®  Startup delay Vpp =5V 155 ps
I Vpp = 12V, 10-mV input overdrive,
t Outputrise time Ry = 100 k@, C__= 10 pF, Vo = (0.1 10 0.9) x Vpp 21 us
. Vpp = 12V, 10-mV input overdrive,
t Output fall time R, = 100 kQ, C; = 10 pF, Vo = (0.9 10 0.1) X Vpp 0.12 us

(1) High-to-low and low-to-high refers to the transition at the input pins (INA and INB).

(2) During power on, Vpp must exceed 1.8 V for at least 150 ps (typ) before the output state reflects the input condition.

VDD
i V(por)
|
| | | |
|
| Vir+(na) —
|
INA : Vir_ana
|
|
|
(|
|
outa | | |
! I L 1 Ly e
T T | T
[
[
[N |
[
: | Vir«ng) — A= ——————
|
INB I Vir-gng) f—le — — - — - —
[ | |
[ | |
[ | |
1 | |
[ | |
[ | |
[ |
(] | |
(] | |
ouTB : | : :
]
o —>i e thaun)  —>1 [4— tpagn
1
—p! 'ﬂ—td(start)
Figure 1. Timing Diagram
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7.7

Typical Characteristics

At T; = 25°C and Vpp = 12 V, unless otherwise noted.
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Figure 4. INA Positive Input Threshold Voltage (Vit+(na)) VS Figure 5. INA Negative Input Threshold Voltage (Vit_na)) VS
Temperature Temperature
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Figure 6. INB Positive Input Threshold Voltage (Vit+(ng)) VS Figure 7. INB Negative Input Threshold Voltage (Vit_ng)) VS
Temperature Temperature

(1) Minimum pulse duration required to trigger output high-to-low transition. INA = negative spike below V,1_ and INB = positive spike above

Vit
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Typical Characteristics (continued)

At T; = 25°C and Vpp = 12 V, unless otherwise noted.

Input step £200 mV

Figure 12. Propagation Delay vs Temperature
(High-to-Low Transition at the Inputs)
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Figure 8. INA Positive Input Threshold Voltage (Vir+(na)) Figure 9. INA Negative Input Threshold Voltage (Vit_na))
Distribution Distribution
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Figure 10. INB Positive Input Threshold Voltage (Vir+(ng)) Figure 11. INB Negative Input Threshold Voltage (Vt_ng))
Distribution Distribution
12 33
_ — Vpp =18V, INA to OUTA — Vpp=1.8V, INAto OUTA
2 11 —— Vpp =36V, INA to OUTA g 3 — Vpp =36V, INA to OUTA
z — Vpp =18V, INB to OUTB < — Vpp=1.8V, INB to OUTB
© —— Vpp =36V, INB to OUTB < — Vpp =36V, INB to OUTB
8 10 8 2.7
s [ 5
g 9 g 24 ——
g g T —
S 8 = 21
o o }——-1"""""1 —
z P - L
37 2 18 — |
2 e
z T
[=) —— =
2 6 g 15
5 1.2
40 20 O 20 40 60 80 100 120 140 40 20 O 20 40 60 80 100 120 140
T5(°C) T5(°C)

Input step 200 mV

Figure 13. Propagation Delay vs Temperature
(Low-to-High Transition at the Inputs)
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Typical Characteristics (continued)

At T; = 25°C and Vpp = 12 V, unless otherwise noted.
0.6
— Ty=-40°C /
— T;=0°C N
05| — T,=25°C 7
— T;=85°C
— T,=125°C /
0.4
2 03 //
>
0.2 //é
y %
0
0 1 2 3 4 5 6 7 8 9 10
lout (MA)
VDD =18V

Figure 14. Output Voltage Low vs Output Sink Current
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— T;=125°C //
0.3
0.2 ?/?/
0.1 /%
. A
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Figure 15. Output Voltage Low vs Output Sink Current
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. Figure 17. Start-Up Delay
Figure 16. Start-Up Delay vs Temperature
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Figure 18. Start-Up Delay
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8 Detailed Description

8.1 Overview

The TLV6710 combines two comparators (referred to as A and B) and a precision reference for overvoltage and
undervoltage detection. The TLV6710 features a wide supply voltage range (1.8 V to 36 V) and high-accuracy
window threshold voltages of 400 mV (0.75% over temperature) with built-in hysteresis. The outputs are rated to
25 V and can sink up to 10 mA.

Set each input pin (INA, INB) to monitor any voltage above 0.4 V by using an external resistor divider network.
Each input pin has very low input leakage current, allowing the use of large resistor dividers without sacrificing
system accuracy. To form a window comparator, use the two input pins and three resistors (see the Window
Comparator Considerations section). In this configuration, the TLV6710 is designed to assert the output signals
when the monitored voltage is within the window band. Each input can also be used independently. The
relationship between the inputs and the outputs is shown in Table 2. Broad voltage thresholds are supported that
enable the device to be used in a wide array of applications.

Table 2. Truth Table

CONDITION OUTPUT OUTPUT STATE
INA > VT4 (np) OUTA high Output A high impedance
INA < Vit_na) OUTA low Output A sinking
INB > VT4(nB) OUTB low Output B sinking
INB < Vir_(nB) OUTB high Output B high impedance

8.2 Functional Block Diagram

J— A
INA + ——— 0 OUTA

* ———0 OUTB

B
INB -
+
{ ) Reference

GND
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8.3 Feature Description

8.3.1 Inputs (INA, INB)

The TLV6710 combines two comparators with a precision reference voltage. Each comparator has one external
input; the other input is connected to the internal reference. The rising threshold on INB and the falling threshold
on INA are designed and trimmed to be equal to the reference voltage (400 mV). This configuration optimizes the
device accuracy when used as a window comparator. Both comparators also have built-in hysteresis that proves
immunity to noise and ensures stable operation.

The comparator inputs swings from ground to 1.7 V (7.0 V absolute maximum), regardless of the device supply
voltage used. Although not required in most cases, it is good analog design practice to place a 1-nF to 10-nF
bypass capacitor at the comparator input for noisy applications in order to reduce sensitivity to transient voltage
changes on the monitored signal.

For comparator A, the corresponding output (OUTA) is driven to logic low when the input INA voltage drops
below Vir_gna)- When the voltage exceeds Vr.gna), OUTA goes to a high-impedance state; see Figure 1.

For comparator B, the corresponding output (OUTB) is driven to logic low when the voltage at input INB exceeds
Vir+ane)- When the voltage drops below Vir_ingy OUTB goes to a high-impedance state; see Figure 1. Together,
these two comparators form a window-detection function as described in the Window Comparator Considerations
section.

8.3.2 Outputs (OUTA, OUTB)

In a typical TLV6710 application, the outputs are connected to a GPIO input of the processor (such as a digital
signal processor [DSP], central processing unit [CPU], field-programmable gate array [FPGA], or application-
specific integrated circuit [ASIC]).

The TLV6710 provides two open-drain outputs (OUTA and OUTB); use pullup resistors to hold these lines high
when the output goes to a high-impedance state. Connect pullup resistors to the proper voltage rails to enable
the outputs to be connected to other devices at correct interface voltage levels. The TLV6710 outputs can be
pulled up to 25 V, independent of the device supply voltage. To ensure proper voltage levels, give some
consideration when choosing the pullup resistor values. The pullup resistor value is determined by Vg, output
capacitive loading, and output leakage current (Ipgea). These values are specified in the Electrical
Characteristics table. Use wired-OR logic to merge OUTA and OUTB into one logic signal.

Table 2 and the Inputs (INA, INB) section describe how the outputs are asserted or high impedance. See
Figure 1 for a timing diagram that describes the relationship between threshold voltages and the respective
output.

8.4 Device Functional Modes

8.4.1 Normal Operation (Vpp > UVLO)

When the voltage on VDD is greater than 1.8 V for at least 155 ps, the OUTA and OUTB signals correspond to
the voltage on INA and INB as listed in Table 2.

8.4.2 Undervoltage Lockout (V(pory < Vpp < UVLO)

When the voltage on VDD is less than the device UVLO voltage, and greater than the power-on reset voltage,
V(por), the OUTA and OUTB signals are asserted and high impedance, respectively, regardless of the voltage on
INA and INB.

8.4.3 Power On Reset (Vpp < V(por))

When the voltage on VDD is lower than the required voltage to internally pull the asserted output to GND
(Vpor)), both outputs are in a high-impedance state.
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9 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information

The TLV6710 device is a wide-supply voltage window comparator that operates over a Vpp range of 1.8 V to
36 V. The device has two high-accuracy comparators with an internal 400-mV reference and two open-drain
outputs rated to 25 V for overvoltage and undervoltage detection. The device can be used either as a
window comparator or as two independent voltage monitors. The monitored voltages are set with the use of

external resistors.

9.1.1 Window Comparator Considerations

The inverting and noninverting configuration of the comparators forms a window-comparator detection circuit
using a resistor divider network, as shown in Figure 19 and Figure 20. The input pins can monitor any system
voltage above 400 mV with the use of a resistor divider network. INA and INB monitor for undervoltage and

overvoltage conditions, respectively.

Vion 1.8Vto25V
R |
(221 MQ) RP,
VDD
(50 k)
INA OUTA
RZ Devi
(137 kQ) evice
._ 1 ]
2
e}
ouT '
INB oUTB : Y
U Vyoy OV
R GND
(69.8 kQ)

I
1

Figure 19. Window Comparator Block Diagram

V
Overvoltage — —VMO—N 107 g
Limit _ _MoNovHYS A N

VMON

Undervoltage

Limit _ _Mmonww ~7_ o N———__
ouTB
OUTA
Figure 20. Window Comparator Timing Diagram
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Application Information (continued)

The TLV6710 flags the overvoltage or undervoltage condition with the greatest accuracy. The highest accuracy
threshold voltages are Vir_gnay @and Viryng), and correspond with the falling undervoltage flag, and the rising
overvoltage flag, respectively. These thresholds represent the accuracy when the monitored voltage is within the
valid window (both OUTA and OUTB are in a high-impedance state), and correspond to the Vyonwy) and
Vmon(ov) trigger voltages, respectively. If the monitored voltage is outside of the valid window (Vyoy is less than
the undervoltage limit, Viyonwy), Or greater than overvoltage limit, Vyonov)), then the input threshold voltages to
re-enter the valid window are Viryuna) O Vir_gne), and correspond with the Vyonwuy Hys) @nd Vivonov Hys)
monitored voltages, respectively.

The resistor divider values and target threshold voltage can be calculated by using Equation 1 through
Equation 4:

RrotaL =Ry + Rz + R3 (1)
Choose an R1g7a. Value so that the current through the divider is approximately 100 times higher than the input
current at the INA and INB pins. Resistors with high values minimize current consumption; however, the input

bias current degrades accuracy if the current through the resistors is too low. See application report Optimizing
Resistor Dividers at a Comparator Input (SLVA450), for details on sizing input resistors.

R5 is determined by Equation 2:
R
R,= O™, Vir.ng)

MON(OV)

where
*  Vmonoy is the target voltage at which an overvoltage condition is detected. (2)

R, is determined by either Equation 3 or Equation 4:

R
R, =| —TOTAL__, VIT+(INA)}_ R,

MON(UV_HYS)
where
*  Vwmonuv_Hvs) IS the target voltage at which an undervoltage condition is removed as Vyqy rises. 3)
— RTOTAL
Rz _[ 'VIT—(INA) - Rs
MON(UV)
where
*  Vmonuy IS the target voltage at which an undervoltage condition is detected. (4)

9.1.2 Input and Output Configurations

Figure 21 to Figure 23 show examples of the various input and output configurations.
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Application Information (continued)

VPULLUP
1.8Vt 36V (up to 25 V)
(@]
VDD
INA OUTA
Device
INB ouTB O——o—
GND

Figure 21. Interfacing to Voltages Other than Vpp

1.8Vto25V

—OINA

o———O INB

VDD

OUTA

Device

OoUTB O——o—

GND

|
1

Figure 22. Monitoring the Same Voltage as Vpp
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Application Information (continued)

Vion 18Vto25V

7 7
R, ; VDD ;

& OINA OUTA O——o
R2 .

Device

O INB OUTB O0——e—

R, GND

1
1

NOTE: The inputs can monitor a voltage higher than Vpp (max) with the use of an external resistor divider network.

Figure 23. Monitoring a Voltage Other than Vpp

9.1.3 Immunity to Input Pin Voltage Transients

The TLV6710 is immune to short voltage transient spikes on the input pins. Sensitivity to transients depends on

both transient duration and amplitude; see Figure 3, Minimum Pulse Duration vs Threshold Overdrive Voltage.

9.2 Typical Application

VMON
24V
0.01 yF
I VpuLLup
- 33V
= 20MQ VDD
100 kQ
INA OUTA
6.81 kQ Device
100 kQ
INB ouTB
30.9 kQ GND

Figure 24. 24-V, 10% Window Comparator
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Typical Application (continued)

9.2.1 Design Requirements

Table 3. Design Parameters

PARAMETER DESIGN REQUIREMENT DESIGN RESULT

24-V nominal, rising (Vmon(ov)) and
falling (Vmon(yv)) threshold
+10% nominal (26.4 V and 21.6 V,

Monitored V0|tage VMON(OV) =264V i27%, VMON(UV) =216V +2.7%

respectively)
Output logic voltage 3.3-V CMOS 3.3-V CMOS
Maximum current consumption 30 pA 24 pA

9.2.2 Detailed Design Procedure

1. Determine the minimum total resistance of the resistor network necessary to achieve the current
consumption specification by using Equation 1. For this example, the current flow through the resistor
network was chosen to be 13 pA; a lower current can be selected, however, care should be taken to avoid
leakage currents that are artifacts of the manufacturing process. Leakage currents significantly impact the
accuracy if they are greater than 1% of the resistor network current.

B Vvmon(ov) 264V

R = = =2.03 MQ
TOTAL | 13 1A
where
*  Vwonov is the target voltage at which an overvoltage condition is detected as Vyoy rises.
e lis the current flowing through the resistor network. (5)

2. After RroraL is determined, R; can be calculated using Equation 6. Select the nearest 1% resistor value for
Rs. In this case, 30.9 kQ is the closest value.

2.03 MQ
'VIT+(INB) = m *0.4V =30.7 kQ

MON(OV) (6)

3. Use Equation 7 to calculate R2. Select the nearest 1% resistor value for R,. In this case, 6.81 kQ is the
closest value.

R.= Rromal
3

Rp = TOTAL gy Ry =203 MO 6 4y 309 k0 =669 kQ
4. Use Equation 8 to calculate R1. Select the nearest 1% resistor value for R;. In this case, 2 MQ is the closest
value.

5. The worst-case tolerance can be calculated by referring to Equation 13 in application report Optimizing
Resistor Dividers at a Comparator Input (SLVA450). An example of the rising threshold error, Vyonov), is
given in Equation 9:

04

v
—w} % TOLR=0.75% + 2 « (1— - 4)- 1% =2.72 %

% ACC = % TOL(\/|T+(|NB)) +2 (1
MON(OV)

where
e % TOL(Vir+ng)) is the tolerance of the INB positive threshold.
* % ACC is the total tolerance of the Vyonov) VOltage.
* % TOLg is the tolerance of the resistors selected. 9)

6. When the outputs switch to the high-Z state, the rise time of the OUTA or OUTB node depends on the pullup
resistance and the capacitance on the node. Choose pullup resistors that satisfy the downstream timing
requirements; 100-kQ resistors are a good choice for low-capacitive loads.

9.2.3 Application Curve
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VDD (10 V/div)

OUTA (2 V/div)

- ﬂ

OUTB (2 V/div)

Time (5 ms/div)
Figure 25. 24-V Window Monitor Output Response
9.3 Do's and Don'ts
It is good analog design practice to have a 0.1-uF decoupling capacitor from Vpp to GND.
If the monitored rail is noisy, connect decoupling capacitors from the comparator inputs to GND.

Do not use resistors for the voltage divider that cause the current through them to be less than 100 times the
input current of the comparators without also accounting for the effect to the accuracy.

Do not use pullup resistors that are too small, because the larger current sunk by the output then exceeds the
desired low-level output voltage (Vg,).
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10 Power Supply Recommendations

The TLV6710 has a 40-V absolute maximum rating on the VDD pin, with a recommended operating condition of
36 V. If the voltage supply that is providing power to VDD is susceptible to any large voltage transient that may
exceed 40 V, or if the supply exhibits high voltage slew rates greater than 1 V/us, take additional precautions.
Place an RC filter between the supply and VDD to filter any high-frequency transient surges on the VDD pin. A
100-Q resistor and 0.01-uF capacitor is required in these cases, as shown in Figure 26.

100 Q

R2

R3

L

!
lo.m WF
Il

INA

INB

VDD

GND

OUTA

ouTB

e

VPULLUP

Figure 26. Using an RC Filter to Remove High-Frequency Disturbances on VDD
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11 Layout

11.1 Layout Guidelines

e Place Ry, R,, and R5 close to the device to minimize noise coupling into the INA and INB nodes.
» Place the VDD decoupling capacitor close to the device.

» Avoid using long traces for the VDD supply node. The VDD capacitor (Cypp), along with parasitic inductance
from the supply to the capacitor, may form an LC tank and create ringing with peak voltages above the
maximum VDD voltage. If this is unavoidable, see Figure 26 for an example of filtering VDD.

11.2 Layout Example

Pullup
Voltage

Undervoltage

RP1§

RP2§

Overvoltage
Flag

—

HH
|

Flag - | | 6
5 5 Input
Supply
= [ |
3 | | «
| I
Monitored R1 | R> R3
onitore
Voltage VN VMV VAN

.||—

Figure 27. Recommended Layout
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12 Device and Documentation Support

12.1 Device Support

12.1.1 Development Support

The DIP Adapter Evaluation Module allows conversion of the SOT-23-6 package to a standard DIP-6 pinout for
ease of prototyping and bench evaluation.

12.2 Documentation Support

12.2.1 Related Documentation

For related documentation, see the following:
Optimizing Resistor Dividers at a Comparator Input (SLVA450)

12.3 Receiving Notification of Documentation Updates

To receive natification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

12.4 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TlI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

12.5 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

12.6 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
A appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.
12.7 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

13 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 ®3) (4/5)
(6)
TLV6710DDCR ACTIVE SOT-23-THIN DDC 6 3000 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 1161
TLV6710DDCT ACTIVE SOT-23-THIN  DDC 6 250 RoOHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 1161

® 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 a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© 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 TlI'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
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant

(mm) |W1(mm)

TLV6710DDCR SOT- DDC 6 3000 180.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
23-THIN

TLV6710DDCT SOT- DDC 6 250 180.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
23-THIN
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TLV6710DDCR SOT-23-THIN DDC 6 3000 213.0 191.0 35.0
TLV6710DDCT SOT-23-THIN DDC 6 250 213.0 191.0 35.0
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PACKAGE OUTLINE

DDCOOO6A SOT-23 - 1.1 max height
SMALL OUTLINE TRANSISTOR
[—— 1'1 —
0.7
—f =12 ]oa[c]
INDEX PITFIQI\IIEij —"T\
1 ] :
ax[0.95]
.
r 4
3 L/J
oS st
[ |o2@ [c]A]8]

0.12 GAGE PLANE

0’-8" TYP s ]
020 1yp

4214841/C 04/2022

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. Reference JEDEC MO-193.
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EXAMPLE BOARD LAYOUT
DDCOOO6A SOT-23 - 1.1 max height

SMALL OUTLINE TRANSISTOR

SYMM
- BX(1L1) j— ¢
p 1l — ! —+—
6X (0.6) — —— - —— ‘ \ 6
% L } J i |
|
SYMM
— -
4X (0.95) \
N o R ],
3 ‘ I
|
(R0.05) TYP ‘ ‘
‘ @.7) |

LAND PATTERN EXAMPLE
EXPLOSED METAL SHOWN
SCALE:15X

METAL UNDER SOLDER MASK
ggléEIIIE’\ITGMASK‘\ METAL SOLDER MASK\ /OPENING

, ~

EXPOSED METAL oo
J l‘f 0.07 MAX J L 0.07 MIN

ARROUND ARROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDERMASK DETAILS

4214841/C 04/2022

NOTES: (continued)

4. Publication IPC-7351 may have alternate designs.
5. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

INSTRUMENTS
www.ti.com



EXAMPLE STENCIL DESIGN
DDCOOO6GA SOT-23 - 1.1 max height

SMALL OUTLINE TRANSISTOR

SYMM
— BX(11) | ¢
1 | ‘ -
6X (0.6) — —— - — ‘ | 6
f 4 [ +
J ‘ i SYMM
Tiii’i \77777+77777\777
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SOLDER PASTE EXAMPLE
BASED ON 0.125 THICK STENCIL
SCALE:15X

4214841/C 04/2022

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
7. Board assembly site may have different recommendations for stencil design.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2022, Texas Instruments Incorporated


https://www.ti.com/legal/termsofsale.html
https://www.ti.com
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