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With growing demand to harvest more renewable energy 

sources expanding across automotive and industrial 

applications, the need for small, efficient, accurate and 

cost-effective power converters and motor controllers is 

increasing at an unprecedented rate.

Accurate, isolated voltage sensing to measure high 

voltages presents a significant electrical engineering 

challenge – and the voltages are only getting higher. DC 

voltages are increasing from 400VDC to 800VDC and even 

as high as 1,500VDC. Affordability for consumers is also 

becoming increasingly important, and size optimization 

is pushing for greater innovation. Thus, a precise, size-

optimized, galvanically isolated voltage-sensing device 

that meets today’s requirements is becoming mandatory.

Automakers annually state goals to develop electric 

vehicles (EVs) that support a longer driving range 

(>400 miles) and provide better operational safety, 

while maintaining affordability. Integrated, isolated DC 

voltage-sensing devices can maximize DC voltage 

measurements and enable longer driving ranges by 

providing less than 1% accuracy error of the DC battery 

voltage in onboard chargers, DC/DC converters and 

battery-management systems. Integrated, isolated AC 

voltage-sensing devices can accurately measure single- 

or three-phase AC grid voltages in a compact integrated 

circuit (IC), maximizing grid use of the voltage levels. 

Both AC and DC isolated voltage sensing devices 

can provide operational safety by detecting functional 

failures and notifying drivers. AC and DC isolated 

voltage sensing devices can also enable affordability by 

integrating external components into a single IC, helping 

designers accelerate time to market with more energy-

efficient designs.

In a smart energy infrastructure, isolated voltage-sensing 

devices with advanced integration can enable cost 

reduction and increased power density in DC and AC 

chargers, energy storage systems, and solar inverters. 

These isolated voltage-sensing devices can also enable 

high-accuracy voltage measurements with less than 1% 

accuracy error for more precise power delivery and lower 

power dissipation. The improved efficiency then makes it 

possible to pass the cost savings on to consumers.

Energy infrastructure applications require both AC and 

DC voltage measurements.

For AC voltage sensing, an accurate isolated voltage 

sensor allows for a more precise measurement of the 

grid voltage, which is important for power converters 

because you need to know the phase difference between 

each voltage in order to perform power factor correction. 

In inverter mode, isolated voltage sensors provide 

precise voltage levels to the load, grid, or both.

For DC voltage sensing, an accurate isolated voltage 

sensor helps facilitate faster charge during the constant 

voltage phase when charging the battery to the final 

voltage, without damaging the battery.

Figure 1 shows an example of where isolated 

voltage sensing occurs in electric vehicles and energy 

infrastructure.

Figure 1. Isolated voltage sensing in EVs and energy 
infrastructure systems.

In today’s motor-control applications, including industrial 

motor drives and automotive traction inverters, there is 

a growing need for more accurate measurements of 

the DC voltage. A highly accurate and compact IC can 

enable more efficient DC measurements and not take up 

much space on the printed circuit board (PCB), which are 

both challenges in motor-control applications.
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Solutions for high-voltage sensing

At TI, there is a strong emphasis on developing products 

to help solve market challenges and enable more 

efficient, cost-effective and accurate power-conversion 

and motor-control systems. We have developed two 

new isolated voltage-sensing technologies, including 

integrated high-voltage resistor and single-ended output 

devices.

Integrated resistor devices

The AMC0380D04-Q1, AMC0381D10-Q1 and 

AMC0386M10-Q1 family of galvanically isolated voltage 

sensing amplifiers and modulators integrate high-voltage 

resistive dividers and eliminate the need for large and 

expensive external resistors to step down the voltage 

to a ±1V or 0V to 2V level. Stand-alone high-voltage 

resistors can take up a lot of space on PCBs, given 

that you may need as many as 15 high-voltage resistors 

to step down the voltage and maintain the system’s 

isolation ratings. Stand-alone high-voltage resistors are 

also a significant source of measurement error, lifetime 

drift and temperature drift, and require end-of-line 

calibration.

When it comes to conserving board space, the 

AMC0380D04-Q1 ±400VAC input isolated amplifier, 

AMC0381D10-Q1 1,000VDC input isolated amplifier and 

AMC0386M10-Q1 ±1,000VAC input isolated modulator 

save system-level costs and reduce solution size as 

much as 50% by removing the need for external high-

voltage resistors, as shown in Figure 2.

Figure 2. Integration benefits of the integrated resistor family.

Integrating the high-voltage resistors into our isolated 

voltage-sensing devices eliminates the need for a large 

resistor ladder. We’ve also eliminated the need for 

system-level calibration by calibrating out the gain 

error of the internal resistor for the AMC0380D04-Q1, 

AMC0381D10-Q1 and AMC038610-Q1 in our factories, 

which can save you manufacturing time and costs.

These devices can also help increase system efficiency 

through improved accuracy. The integrated divider 

features very low temperature and lifetime drift compared 

to discrete resistors, enabling voltage measurements 

with an accuracy <1%.

For more information on integrated resistor devices, 

see the application note, Increased Accuracy and 

Performance with Integrated High Voltage Resistor 

Isolated Amplifiers and Modulators.

Single-ended output devices

When designing isolated voltage-sensing circuits with 

industry-standard isolated amplifiers such as the 

AMC1311, a common challenge is converting the 

differential output of the isolated amplifier to single 

ended in order to interface directly with the analog-to-

digital converter (ADC) inside the microcontroller (MCU). 

This can be costly and consume extra PCB space.

To conserve board space, the AMC0311R-Q1, 

AMC0311S-Q1, AMC0330R-Q1 and AMC0330S-Q1 

devices help save system-level costs and reduce 

solution size by removing the need for a differential- to 

single-ended conversion circuit, which typically consists 

of an operational amplifier and a reference voltage (see 

Figure 3).
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Figure 3. Traditional isolated voltage-sensing topology.
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Figure 4 shows the pinout of these single-ended devices.

Figure 4. Integration of the differential- to single-ended 
operational amplifier.

Along with the board space savings that come with 

the AMC0311R-Q1 and AMC0330R-Q1 devices, their 

ratiometric output enables a variable output gain, 

providing an output swing from the isolated voltage-

sensing device that follows the reference voltage of the 

ADC inside the MCU, as shown in Figure 5. This enables 

the use of the ADC’s full dynamic range for improved 

resolution measurements.

Figure 5. Ratiometric output isolated voltage sensing.

For more information on integrated resistor devices, 

see the application note, Isolated Amplifiers with 

Differential, Single-Ended Fixed Gain and Ratiometric 

Outputs for Voltage Sensing Applications.

Integrated isolated voltage-sensing use cases

Figure 6 shows the standard topology of a power-

conversion system. For AC voltage sensing, you can 

use the AMC0380D04-Q1 without external high-voltage 

resistors (the green rectangle) or the AMC0330D-Q1, 

AMC0330S-Q1 or AMC0330R-Q1 with external high-

voltage resistors (the yellow rectangle).

For DC voltage sensing, you can use the AMC0381D10-

Q1 and AMC0386M10-Q1 without external high-voltage 

resistors (the blue rectangles) or the AMC0311D-Q1, 

AMC0311S-Q1 or AMC0311R-Q1 with external high-

voltage resistors (the red rectangles).
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Figure 6. Isolated voltage sensing in power-conversion 
applications.

Figure 7 shows the standard topology of a motor-control 

system. For AC voltage sensing, you can use the 

AMC0380D04-Q1 without external high-voltage resistors 

(the green rectangle) or the AMC0330D-Q1, AMC0330S-

Q1 or AMC0330R-Q1 with external high voltage resistors 

(the yellow rectangle).

For DC voltage sensing, you can use the AMC0381D10-

Q1 and AMC0386M10-Q1 without external high-voltage 

resistors (the blue rectangle) or the AMC0311D-Q1, 

AMC0311S-Q1 or AMC0311R-Q1 with external high-

voltage resistors (the red rectangle).
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Figure 7. Isolated voltage sensing in motor-control applications.
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Conclusion

Small, efficient, accurate and cost-effective power 

converters and motor controllers are a necessity in 

today’s market. The AMC0380D04-Q1, AMC0386M10-

Q1, AMC0330D-Q1, AMC0330S-Q1 and AMC0330R-Q1 

devices for AC voltage sensing and the AMC0381D-Q1, 

AMC038610-Q1, AMC0311D-Q1, AMC0311S-Q1 and 

AMC0311R-Q1 devices for DC voltage sensing address 

design challenges to help realize the goal of a net-zero 

emissions future.

Additional resources

• Check out the updated reference designs with high-

voltage sensing products:

– 800V, 300kW SiC-based traction inverter system 

reference design (download the TIDM-02014)

– 10-kW, bidirectional three-phase three-level (T-

type) inverter and PFC reference design (download 

the TIDA-01606)

• Get started designing by ordering the AMC038XEVM 

evaluation module and DIYAMC-0-EVM evaluation 

modules.

• Learn more about TI's voltage sensing solutions.
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