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Using the TPS3700 as a Negative Rail Over- and
Undervoltage Detector

Darwin Fernandez Linear Power - Supply Voltage Supervisors

ABSTRACT

The TPS3700 is a wide voltage window comparator that can be used in overvoltage (OV) and
undervoltage (UV) detection. This application note describes a simple approach to use the TPS3700 for
negative voltage monitoring applications such as the negative rail on op amps, DACs, ADCs, and other
high-precision analog circuitry that may need UV or OV protection.
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1 Negative UV, OV Detection Solution

Figure 1 shows a typical circuit for monitoring a negative rail. Resistors R1, R2, and R3 are calculated to
set the overvoltage and undervoltage threshold. R,;,, Ry, Rp2a, @nd Ry, are used with D1 and D2 to
clamp the logic level LOW to approximately O V and provide a proper logic level HIGH to the VPU voltage.
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Figure 1. Monitoring a Negative Voltage Rail Using the TPS3700

2 Setting the OV, UV Thresholds using R1, R2, and R3

This section discusses the design calculations for setting the OV and UV thresholds. The TPS3700
Resistor Divider Calculator (SLUC425) in the TPS3700 product page is also a helpful tool in calculating

R1, R2, and R3.
Vthp |VMon|
R3(Q)= | X v
I Ipiviger | | Vov | @
Where:

Vinp = Positive-going input threshold voltage in volts (0.4 V typical).
Vyon = NOominal-sensed rail voltage in volts.

Iowiger = Current through the resistor divider in amperes.

Vv = Overvoltage threshold for OUTB triggering LOW in volts.

R2(Q)=[ Vi, [Vuton| J -R3(actual)

I biviger | 1 Vuv |

@
Where:
Vi, = Negative-going input threshold voltage in volts (0.3945 V typical).
Vv = Undervoltage threshold for OUTA triggering LOW in volts.
|VMon|
R1(Q)=| —— |-R2(actual)-R3(actual)

| IDivider 3)
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3 Setting the Appropriate Output Logic Levels

VPU

OUTA

OouTB

Figure 2. Output Circuit Configuration

Figure 2 shows the output circuit used to set the appropriate output logic levels during an overvoltage and
undervoltage condition. During an undervoltage or overvoltage condition, OUTA/OUTB is asserted to
—-VSS and D1/D2 turns ON to its forward voltage Vf1/Vf2. D1/D2 and Rp1b/Rp2b should be chosen such
that their forward voltage and sinking current is small enough to ensure a logic level LOW to the load the
signal it is driving. Note the datasheet characterizes this device with I, =5 mA (max) of sinking current.
lo. can be higher at the expense of a higher V,, voltage.

|-Vss|— | Vix |
lo 4)

When -VSS is at its nominal voltage, OUTA and OUTB are released, Dx is OFF, and OV, UV is pulled up
to VPU voltage. VPU must be chosen as shown in Equation 5 such that the +20-V absolute maximum on
Voura @nd Vgrg iS Not violated.

VPU (Max) = +20V+ (_VSS ) (5)

Rpxb(Q)=

The pullup resistor Rpxa is chosen depending on the desired minimum V., and rated output leakage
current. Leakage current for the TPS3700 is rated for 300 nA (max). Equation 6 does not include possible
current paths to and from the load.

Vpy -V,
Rpxa(Q)=—F—0H
Leakage (6)
D1 and D2 should be chosen such that the operating conditions do not exceed what it is rated for. That is:

V; £ Vg, (maximum)
Vr > VPU
Io > IOL
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3.1 Wired-OR Configuration

Because the TPS3700 utilizes open-drain outputs, it can be arranged in a wired-OR configuration to

trigger an output LOW when there is either an OV or UV condition. Figure 3 shows this configuration. With
this circuit, Equation 4 and Equation 5 still hold.
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Figure 3. Wired-OR Output Configuration

4 Design Example

The following design example uses the TPS3700 under the following conditions for monitoring a —12-V rail
and triggers a reset when the rail falls below 10% or rises above 10% of —12 V.
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Figure 4. TPS3700 Negative Monitoring Design Example
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As shown in Figure 5 and Figure 6, OUTA will trigger LOW during a —10% drop (-10.8 V) while OUTB wiill

trigger LOW during a +10% rise (—13.2 V). In between this window, the outputs are pulled up to VPU.
Yellow: VSS-5V/div

Pink: UV-5V/div
Blue: OV-5V/div

Figure 6. OUTA and OUTB Response for VDD Voltage Falling

5 Conclusion

This application report has demonstrated simple circuit and design considerations for using the TPS3700
to monitor negative voltage rails and output the appropriate logic levels.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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