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As system voltages in EV chargers, solar inverters, and energy-storage systems continue to rise, engineers
need compact and precise designs to monitor rails up to 85V directly into low-voltage analog-to-digital converters
(ADCs). The INA60O has an input range well beyond supply rails, allowing for direct interfacing between high-
voltage signals up to 85V with low-voltage ADCs. With multiple attenuation options, the INAG0OO is a device
designed for a variety of voltage monitoring systems. Below are frequently asked questions about the INAG0O.

Why Choose the INA600 for High-Voltage Monitoring?

Low-cost, discrete (resistor divider + op amp) voltage monitoring performance is degraded in noisy
environments, where ground bouncing (common in these systems) creates errors in the measured signal.
Discrete difference amplifiers overcome some of this; however, integrated difference amplifiers provide benefit
through higher precision, better resistor matching, lower board space, and a simpler bill of materials (BOM),
all while being equivalent in cost. Table 1 below compares some key specifications between different voltage
monitoring designs shown in Figure 1.
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Figure 1. Common Voltage Monitoring Designs

Table 1. Comparing Common Voltage Monitoring Designs
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Resistors)
Max Gain Error ~1.5% ~1.5% ~0.15% ~0.1%
Max Gain Drift ~100ppm/°C ~100ppm/°C ~50-100ppm/°C 10-20ppm/°C
Min. CMRR < 5dB < 5dB ~56dB 75dB to 85dB
Cost $ $ $$ $$

Target Applications and Sub-Systems for the INA600

Energy Infrastructure:

* EV charging: DC-fast charging, wallbox chargers, DC-DC converters
* Energy storage system: power conversion systems
» Solar energy: microinverters

Test and Measurement:

» Battery formation and test equipment: 12/24/48V lead acid batteries
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What Problem is the INA600 Solving? How is that Problem Solved?

The INAG0O rejects the ground bounce and switching noise which are the common-mode noise associated
with the power rails, and loads which affect the voltage monitoring accuracy. This is particularly relevant with
the trend of higher voltages and switching frequencies associated with GaN and SiC architectures. INA60O
also maintains lower gain error and drift versus discrete based voltage monitoring, where integrated, precision
(ratio-metrically) matched resistors are used to set the according gain ratios.

Figure 2 below shows that the INA60O has the unique ability to monitor voltages beyond the power supply

of the amplifier, as the input voltage of operational amplifiers is generally limited by the supply range. In this
example, an attenuating difference amplifier is used to measure a 24V battery with an attenuation ratio of 1/5
to interface with a 5V ADC. If a large ground bouncing event occurs, the input voltage absolute maximum
rating of the device can be violated. Typically to mitigate this issue, one increases the attenuation ratio of the
difference amplifier. This approach compromises the accuracy of the ADC readings, as the full-scale range is
not fully utilized. The INA60O circumvents this issue, due to having a larger input range compared to a standard
difference amplifier, regardless of the device's attenuation ratio.
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Figure 2. Extended Input Range of the INA600

How is the INA600 Different from What is Already on the Market?

The INA60O is an industry first general-purpose difference amplifier with high attenuation ratios, as most
difference amplifiers in the market today have gain ratios of 1/2 V/V up to 2 V/V. Refer to the different attenuation
ratios in Table 2 and Table 3 below.

Table 2. INA600 Gain Ratios (Vrgr = 0V)

Orderable Part Number Gain Ratio Input Ranges (Vs = 3.3V) Input Ranges (Vs = 5V)
INABOOAIDBVR 1/5 44V to -8V 74V to -18V
INA60OBIDBVR 1/10 56V to -7V 85V to -17V
INABOOFIDBVR 1/36 85V to 3V 85V to -10V

Table 3. INA600 Gain Ratios (Vggr = Vs/2)

Orderable Part Number Gain Ratio Input Ranges (Vs = 3.3V) Input Ranges (Vs = 5V)
INA6OOAIDBVR 1/5 36V to -20V 62V to -30V
INAGOOBIDBVR 1/10 40V to -24V 70V to -43V
INAGOOFIDBVR 1/36 61V to -40V 85V to -40V
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Learn More

» Texas Instruments, INA600 Low-Power, 2.7V to 40V Attenuating Difference Amplifier With >1MQ Input
Impedance for Cost-Optimized Designs datasheet.

* Needing to monitor a 12V and under rail? Check out the INA500 with gain options of 1/4, 1/2, and 1.

EVM and Samples Order Info
* Universal Difference Amplifier Evaluation Module
* You can order samples and EVMs through samples.ti.com.

For additional assistance, ask questions to Tl engineers on the T/ E2E™ Amplifiers Support Forum.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), 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 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, TI's General Quality Guidelines, 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 Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

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