Welcome!
Texas Instruments New Product Update

* This webinar will be recorded and available at www.ti.com/npu
* Phone lines will be muted

* Please post questions in the chat or contact your sales person or field
applications engineer
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Agenda

» Current Sensing Use-Case

Types of Current Sensing Amplifiers(CSA)

Difference between Discrete and CSA solutions

Area Usage

Typical multi-channel use-case

Available high-precision multi-channel CSA’s
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Current & power measurement use cases

Real-time Current and power Current
overcurrent monitoring for measurement for
protection (OCP) system optimization closed loop circuits
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Current Sensing Portfolio

Analog Sense Amplifiers Digital Power Monitors Analog Output with Integrated Comparators

Provides an ALERT signal(s) when the load
current exceeds a threshold along with the analog
voltage output

Integrate the full analog signal processing and Integrate the full signal conditioning path and
provide a voltage or current output utilize a standard digital interface

In-package Shunt Solutions In-Package Hall-effect Current Sensors

Offers a low-drift, precision shunt resistor element
in-package with either analog or digital out

Offers precision isolated Hall through-package
current measurement
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Benefits of designing with current sense amplifiers

Discrete current sense circuit
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External gain resistors are primary error and
temperature drift contributor

Input range limited by supply voltage

Dedicated current sense amplifier

Wide input range Zero-drift enables high

independent of precision, temperature
device supply beice Stable measurements

Precision matched
gain network
increases accuracy
& reduces drift

Very low amplifier
offset voltage allows
for lower ohmic shunt
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Benefits of designing with multi-channel CSA -
INAX290 family

Single-Channel (INA290) Dual-Channel (INA2290) Quad-Channel (INA4290)
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Total IC area(max): ~5.2mm? Total IC area(max): ~15.6mm? Total IC area(max): ~17.2mm?
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4-Channel Analog Current Sense for AAS/RRU

Benefits
¢ Quad Ch. Current Sense Amplifier

+« Simultaneous Quad Analog Output

s QFN Package (4mm x 4mm)

+ Reduced cost per channel

Drawbacks
¢ Needs additional Quad ADC, Mux,
Switches

« PCB level routing challenges
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Recommended PCB Layout

INA2290

Direction of
Current Flow

Load 1 Bus Voltage1
Power Supply, Vs:
27Vwo20V
Current Sense Output 1
Gurrent Sense Output 2
VIA to Ground
Plane
Load 2 Bus Voltage2

Direction of
Current Flow

Bus Voltage2

INA4290

Bus Voltage1

Bus Voltage3
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INA2290 | enon |

2.7 to 120V, Dual Channel, 1.1MHz, Ultra-Precise Current Sense Amplifier

Features Benefits

* 2.7Vto 120V Common-Mode Range *  Wide common mode range supports 12V,24V,48V,60V,72V rails
— -20V to 122V Survivability —  Support negative transients survivability in harsh Inductive loads

+  DC Accuracy: * Low offset and Low gain error enables
—  Offset: 12pV (MAX) with 0.2p1V/°C drift — improves system accuracy over temperature (-40°C to 125°C)

— Gain Error: 0.1% (MAX) with 5 ppm/°C drift B ::f;lrgesrl]%v;frvglzrerzn(t <n1iqa§;remems

* High Speed: 1.1MHz 3dB bandwidth and 2V/ps slew rate + High Bandwidth and slew rate supports faster signal throughput
» Gain options: 20V/V, 50V/V, 100V/V, 200 V/V, 500V/V —  Ripple current measurement

* DC Supply: 2.7V to 20V — Faster current throughput for protection

« Available in MSOP-8 Package * Multiple Gain options increase design flexibility

*  Wide supply range to support high voltage analog PID feedback systems.

Common - |
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INA2290

27vi20v

Applications 7

* 48V Automotive Battery Systemse 54V Telecom i

outt

27vi20v

» Solenoid Control * 60V Industrial Auto Transport ™ ™~
* 48V Server * 54V PA Biasing & Monitoring : R
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INA4290

2.7 to 120V, Quad Channel, 1.1MHz, Ultra-Precise Current Sense Amplifier in 4x4 QFN Package

Features

* 2.7Vto 120V Common-Mode Range
— -20V to 122V Survivability
» DC Accuracy:
— Offset: 12uV (MAX) with 0.2pV/°C drift
— Gain Error: 0.1% (MAX) with 5 ppm/°C drift
* High Speed: 1.1MHz 3dB bandwidth and 2V/us slew rate
« Gain options: 20V/V, 50V/V, 100V/V, 200 V/V, 500V/V
*  DC Supply: 2.7V to 20V
* Available in 4mm x 4mm QFN Package

Applications

* 48V Automotive Battery Systemse 54V Telecom
+ Solenoid Control * 60V Industrial Auto Transport
* 48V Server * 54V PA Biasing & Monitoring

Benefits

Wide common mode range supports 12V,24V,48V,60V,72V rails
—  Support negative transients survivability in harsh Inductive loads
Low offset and Low gain error enables
— improves system accuracy over temperature (-40°C to 125°C)
— accurate lower current measurements
— smaller shunt values (< 1mQ)
High Bandwidth and slew rate supports faster signal throughput
— Ripple current measurement
— Faster current throughput for protection
Multiple Gain options increase design flexibility
Wide supply range to support high voltage analog PID feedback systems.
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INA2191

40V, Dual Channel, Bi-directional, Ultra-Precise Current Sense Amplifier with picoamp 1B & ENABLE pinin 1.2 x 1.5 WCSP

Features Benefits
+ Common Mode Voltage Range: + Common mode range supports low- and high-side up to 40V
- -0.1Vto 40V applications
» High Accuracy * Reduces design error margins
— Voltage offset: +/-10uV (0.13uV/C) + Ideal for low power and space sensitive applications
— 0.3% gain error (max over temp) « Small bias current allows for measurement of small pA currents
*  Low power + Independent supply voltage enables device to interface with 1.8V ADC

— Low quiescent current (135uA max)
— Low disable current (0.1uA typ)
— Low bias current (500pA typ)
* Independent Supply Voltage of +1.7V to +5.5V
« ENABLE pin shuts down device and sets VOUTx to High-Z

* Enable pin reduces power consumption and allows OUT multiplexing
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Visit us http://www.ti.com/currentsense

For more information on the latest current sensors and
resources to help you build your system
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http://www.ti.com/currentsense

Visit www.tl.com/npu

For more information on the New Product Update
series, calendar and archived recordings
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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, 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 (https:www.ti.com/legal/termsofsale.html) 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.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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