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ABSTRACT

AC-coupled circuits are often used for single supply operation to bring the input voltage into the input
range of the amplifier. This circuit topology can be used in AC smoke detectors or in AC proximity

Sensors.
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1 Introduction
Figure 1 shows an AC-coupled inverting-amplifier circuit.
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Figure 1. AC-Coupled Inverting Amplifier With Shutdown Pin

In the previous circuit, the non-DC input voltage is multiplied by the desired negative gain as shown in
Equation 1:

Re
Vourt = - Re X VIN + Vaias

@
The biasing voltage (Vg as) is half of the supply voltage (V+) and is added to the non-inverting input to
bring the input voltage within the normal operating range of the amplifier. It also provides an off set for the
output so that it is within its operating range.

In battery-operated circuits such as a smoke detector, an effective way to save power is to power down
the circuit for a few seconds, and only sense smoke for a few microseconds. Usually when power saving
is necessary, the conventional implementation is to power off the circuit by using an amplifier with a
shutdown pin. This method has the disadvantage of allowing the coupling capacitors to discharge during
the shutdown state. When the amplifier is turned on again, the circuit needs to reestablish the quiescent
DC voltages. During this time, the amplifier's output is not usable because the output signal is a mixture of
the amplified input signal and the charging voltage on the coupling capacitors. And the settling time can
range from several microseconds to several milliseconds, depending on the resistor and capacitor values.

2 LPV531 Programmable Amplifier

The LPV531 programmable operational amplifier is ideal for AC-coupled circuits; its programmable-power
mode allows the circuit to be kept active to maintain, in low-power mode, a quiescent charge on the
coupling capacitor. The advantage of this method is the reduction of time needed to re-establish a
guiescent operating point when the amplifier is switched to full-power mode.

The LPV531 op amp offers the capability to adjust the supply current, which is made possible by the ISEL
control pin. The supply current is 40 times higher than the ISEL current. The maximum current that can fl
ow from the ISEL pin is determined by an internal 110 mV reference voltage, and an 11 kQ internal
resistor. The supply current can be reduced by connecting an external resistance to the ISEL pin.

110 mV - VconTroL

Is=1pA+40x
s H Rext + 11 kQ

)
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Figure 2 shows an example of how to control the supply current.
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Figure 2. AC-Coupled Inverting Amplifier With the LPV531 Amplifier

The power mode of the amplifier can be controlled by the microcontroller. By increasing the control
voltage up to 110 mV, the supply current of the amplifier will decrease. Therefore, it is possible to choose
between a full-power mode and a low-power mode, while maintaining an active circuit. Figure 3 illustrates
the relationship between the control voltage and the supply current of the amplifier.
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Figure 3. Power-Mode Control (Reyr = 20Q).
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Faster Settling Time With The LPV531 Amplifier

Comparing the results obtained with the LPV531 op amp and an amplifier with shutdown mode such as
the LMV981 will further illustrate the much shorter settling time. Figure 4 shows the measurement
obtained with the LPV531 amplifier.

C1l f

Figure 4. Output Signal With the LPV531 Op Amp

The yellow line is the control voltage. When the control voltage passes from high level to low, the amplifier
switches to full-power mode. As Figure 3 and Figure 4 indicate, you can estimate that for a control voltage
of 105 mV (low-power mode), the supply current is 20 pA. For a control voltage of 55 mV (high-power
mode), it is 200 pA. The yellow signal is the output signal, where you can estimate that the settling time to
obtain a stable signal is around 634 ns.

Figure 5 shows the results obtained with the LMV981 amplifier featuring a shutdown pin. The voltage
applied on the shutdown pin is the yellow signal. To shut down the LMV981 amplifier, the turn-off voltage
is 0.55 V. The turn-on voltage to enable the device is 1 V.

v
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Figure 5. Output Signal With an Amplifier With Shutdown

The measurement illustrates the fact that the set-up time is really longer with this kind of circuit. The circuit
needs approximately 6.7 us to be stable, which is ten times more than the circuit using the LPV531 op
amp. During this settling time, the output signal is not usable.

Conclusion

This application report has shown that the LPV531 amplifier is ideal for use in AC-coupled applications to
reduce the settling time of the output signal by maintaining a quiescent charge on the capacitors. For
battery-operated applications that are non-AC coupled, the LMV981 amplifier is a very good choice. This
amplifier can be supplied from 1.8 V to 5 V, has a supply current of only 100 pyA, and has rail-to-rail input
and output.
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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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