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5 Pin Configuration and Functions

DCK Package

5-Pin SC-70
Top View
( )
O
ouT 1 5 IN-
GND 2
'S} 3 4 IN+
\. J
Not to scale
Pin Functions
PIN
TYPE DESCRIPTION
NAME NO.
GND 2 Ground Ground
ouT 1 Output Output voltage
VS 3 Power Power supply
IN+ 4 Input Connect to supply side of shunt resistor
IN— 5 Input Connect to load side of shunt resistor

6 Specifications

6.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT
(S\;ISF)JPW Voltage 2 vV
Analog Inputs, | Differential (Vins) - (Vin.) -12 12 v
Vine: Vin. @ Common - mode -20 120 v
Output GND - 0.3 Vs + 0.3 \%
Ta Operating Temperature -55 150 °C
T; Junction temperature 150 °C
Tstg Storage temperature —65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Rating may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Condition. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) VIN+ and VIN- are the voltages at the VIN+ and VIN- pins, respectively.

6.2 ESD Ratings

Charged device model (CDM), per AEC Q100-
011, all pins +1000
CDM ESD Classification Level C6

VALUE UNIT
Human body model (HBM), per AEC Q100-002,
all pins® +2000
o HBM ESD Classification Level 2
V(Esp) Electrostatic discharge \%

(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

Copyright © 2019, Texas Instruments Incorporated
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6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
Vewm Common-mode input range Vs 48 110 Y
Vs Operating supply range 2.7 5 20 Y
Ta Ambient temperature —-40 125 °C
6.4 Thermal Information
INA290-Q1
THERMAL METRIC® DCK (SC-70) UNIT
PINS

Rgia Junction-to-ambient thermal resistance 191.6 °C/IW
Rojctop) Junction-to-case (top) thermal resistance 144.4 °C/IW
Rgis Junction-to-board thermal resistance 69.2 °C/IW
Yyt Junction-to-top characterization parameter 46.2 °C/IW
Y Junction-to-board characterization parameter 69.0 °C/IW
Rocbot) Junction-to-case (bottom) thermal resistance N/A °C/IW

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

6.5 Electrical Characteristics
at To=25°C, Vs =5V, Vgense = Vins - Vin. = 0.5V / Gain, Ve = Vi = 48 V (unless otherwise noted)

PARAMETER TEST CONDITIONS | MIN TYP MAX UNIT
INPUT
Vg <Vem <110V,
CMRR | Common-mode rejection ratio Ti = —‘?g]"C to +125°C 140 160 dB
f =50 kHz 85 dB
Vos Offset voltage, input referred 5 25 uv
dV,/dT | Offset voltage drift Ta =-40°C to 125°C 0.25| pv/iC
PSRR ll?e(;fwefédsupply rejection ratio, input 1/15-2—53(:7 V1o 20V, Tp =-40°C to 01 1 WV
Ig Input bias current Ig+, Vsense = 0 mV 20 uA
Ig Input bias current lg_, Vsense = 0 mV 20 uA
OUTPUT
INA290A1Q 20 VIV
INA290A2Q 50 VIV
G Gain INA290A3Q 100 VIV
INA290A4Q 200 VIV
INA290A5Q 500 VIV
. GND + 50 mV £ Vgyrt £ Vg — 200 mV 0.02 0.25 %
GERR Gain error
Ta =-40°C to +125°C 1 10| ppm/°C
Nonlinearity error 0.01 %
Maximum capacitive load :\éc;iztjosrtained oscillations, no isolation 1 nE

4 Copyright © 2019, Texas Instruments Incorporated
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Electrical Characteristics (continued)

at T, =25°C, Vs =5V, Vgense = Vine - Vin- = 0.5 V/ Gain, Ve = V. = 48 V (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS | MIN TYP MAX UNIT
VOLTAGE OUTPUT
_ , RiLoap = 10 kQ to GND, T = —40°C to Vs — B
Swing to Vs Power Supply Rail +125°C 0.07 Vs —-0.2 \%
. RLoap =10 kQ to GND, Vsense = 0 mV, VGND + VGND +
Swing to Ground Tx = —40°C to +125°C 0.005 0.025 v
FREQUENCY RESPONSE
BW Bandwidth NA290A1Q, Cuoap = 5 PF. Vsense = 800 kHz
BW Bandwidth RUN2I0A2Q, CLoap =5 PF, Vsense = 700 kHz
BW Bandwidth IOA290A3Q. CLoan = 5 PF. Vsense = 650 kHz
BW Bandwidth PAn290A4Q, Croap =5 PF, Vsense = 600 kHz
BW Bandwidth MIAZ80ASQ, Cuoap = 5 PF. Vsense = 550 kHz
SR Slew Rate Rising edge, falling edge 2 V/us
Settling time 2)/05%/2 = 0.5V to 4.5V, output settles to 9 us
Settling time \1/%“ = 0.5V to 4.5V, output settles to 5 us
NOISE
Ven Voltage noise density 50 ‘ nV/iHz
POWER SUPPLY
Vs Supply voltage Ta = -40°C to +125°C 2.7 20 \%
350 500 A
lo Quiescent current K
Ta =-40°C to +125°C 600 HA

RN © 2019, Texas Instruments Incorporated 5
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7 Detailed Description

7.1 Overview

The INA290-Q1 is a high-side only current-sense amplifier that offers a wide common-mode range, precision
zero-drift topology, excellent common-mode rejection ratio (CMRR), and high bandwidth and fast slew rate.
Different gain versions are available to optimize the output dynamic range based on the application. The INA290-
Q1 is designed using a transconductance architecture with a current-feedback amplifier that enables low bias
currents of 20 pA with a common-mode voltage of 110 V.

7.2 Functional Block Diagram

Vs
Vem |
Y
lSF\ISF R1
IN+
t NV - :
Rsense Bias Fgg(rirs:(ik =
R1
T ouT
T —\\/\ + <
Load § RL

6 MR © 2019, Texas Instruments Incorporated
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7.3 Feature Description

7.3.1 Amplifier Input Common-Mode Signal

The INA290-Q1 supports large input common-mode voltages from Vg to 110 V. Because of the internal topology,
the common-mode range is not restricted by the power-supply voltage (Vs). The INA290-Q1 must be used in
high-side applications where V¢y > Vs.

7.3.1.1 Low Input Bias Current

The INA290-Q1 input bias current draws 20 pA (typical) at a common-mode voltage of 110 V. This enables
precision current sensing on applications that require lower leakage for high-side applications.

7.3.1.2 Low Vggnse Operation

The INA290-Q1 operates with high performance across the entire valid Vgense range. The zero-drift input
architecture of the INA290-Q1 provides the low offset voltage and low offset drift needed to measure low Vgense
levels accurately across the wide operating temperature of —40°C to +125°C. Low Vggnse Operation is particularly
beneficial when using low ohmic shunts for low current measurements, as power losses across the shunt are
significantly reduced.

7.3.1.3 Wide Fixed Gain Output

The INA290-Q1 gain error is < 0.25% at room temperature, with a maximum drift of 10 ppm/°C over the full
temperature range of — 40°C to +125°C. The INA290-Q1 is available in multiple gain options of 20 V/V, 50 V/V,
100 V/V, 200 V/V, and 500 V/V, which the system designer should select based on their desired signal-to-noise
ratio and other system requirements. For example, noise-sensitive applications which require accurate
measurement of low-level signals often select lower gains such as 20 V/V. Applications with high-level signals
usually select higher gains such as 500 V/V.

The INA290-Q1 closed-loop gain is set by a precision, low drift internal resistor network. The ratio of these
resistors are excellently matched, while the absolute values may vary significantly. Because of this variation,
adding additional resistance around the INA290-Q1 to change the effective gain is not recommended. The typical
values of the gain resistors are described in & 1.

# 1. Fixed Gain Resistor

GAIN R1 RL
20 (VIV) 25 kQ 500 kQ
50 (VIV) 10 kQ 500 kQ
100 (VIV) 10 kQ 1000 kQ
200 (VIV) 5 kQ 1000 kQ
500 (VIV) 2kQ 1000 kQ

7.3.1.4 Wide Supply Range

The INA290-Q1 operates with a wide supply range from a 2.7 V to 20 V. The output stage supports a full-scale
output voltage range of up to Vg. Wide output range can enable very-wide dynamic range current measurements.
For a gain of 20 V/V, the maximum differential input acceptable is 1 V. The offset of the INA290-Q1 is £25 pV,
and is capable of measuring a wide dynamic range of current up to 92 dB.

RN © 2019, Texas Instruments Incorporated 7
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7.4 Device Functional Modes

7.4.1 Unidirectional Operation

The INA290-Q1 measures the differential voltage developed by current flowing through a resistor, commonly
referred to as a current-sensing resistor or a current-shunt resistor. The INA290-Q1 operates in unidirectional
mode only, meaning it only senses current sourced from a power supply to a system load as shown in § 1.

5V
48-V |
Supply
y
Isense R1
IN+ -
? NV :
RSENSE; Bias F(g::irbe;;k =
R1
AW — + - =
Load |— gRL

<

W GND
1. Unidirectional Application

The linear range of the output stage is limited to how close the output voltage can approach ground under zero-
input conditions. The zero current output voltage of the INA290-Q1 is very small, with a maximum of GND + 25
mV. Make sure to apply a differential input voltage of (25 mV / Gain) or greater to keep the INA290-Q1 output in
the linear region of operation.

7.4.2 High Signal Throughput

With a bandwidth of 800 kHz at a gain of 20 V/V and a slew rate of 2 V/us, the INA290-Q1 is specifically
designed for detecting and protecting applications from fast inrush currents. As shown in & 2, the INA290-Q1
responds in less than 1 us for a system measuring a 75-A threshold on a 2-mQ shunt.

% 2. Response Time

PARAMETER EQUATION A'\%A\/ng =
G Gain 20 VIV
ImMax Maximum current 100 A
IThreshold Threshold current 75 A
Rsense Current sense resistor value 2mQ
Vout Output voltage Vout = Ivax X Rsense X G 4V
SR Slew rate 2 Vlps
Output response time <1lus
8 MR © 2019, Texas Instruments Incorporated
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8 Application and Implementation

x

/:

Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The INA290-Q1 amplifies the voltage developed across a current-sensing resistor as current flows through the
resistor to the load. The wide input common-mode voltage range and high common-mode rejection of the
INA290-Q1 make it usable over a wide range of voltage rails while still maintaining an accurate current
measurement.

8.1.1 Rggnse and Device Gain Selection

The accuracy of any current-sense amplifier is maximized by choosing the current-sense resistor to be as large
as possible. A large sense resistor maximizes the differential input signal for a given amount of current flow and
reduces the error contribution of the offset voltage. However, there are practical limits as to how large the
current-sense resistor can be in a given application because of the resistor size and maximum allowable power
dissipation. 23 1 gives the maximum value for the current-sense resistor for a given power dissipation budget:

e PDyax is the maximum allowable power dissipation in Rggnse-

e Iyax is the maximum current that will flow through Rggnse. Q)
An additional limitation on the size of the current-sense resistor and device gain is due to the power-supply
voltage, Vg, and device swing-to-rail limitations. In order to make sure that the current-sense signal is properly

passed to the output, both positive and negative output swing limitations must be examined. 23\ 2 provides the
maximum values of Rgense and GAIN to keep the device from exceeding the positive swing limitation.

Imax * Rsense * GAIN < Vgp

where:
e Iyax is the maximum current that will flow through Rggpnse-
* GAIN is the gain of the current-sense amplifier.
e Vgp is the positive output swing as specified in the data sheet. (2)
To avoid positive output swing limitations when selecting the value of Rggnse, there is always a trade-off between
the value of the sense resistor and the gain of the device under consideration. If the sense resistor selected for

the maximum power dissipation is too large, then it is possible to select a lower-gain device in order to avoid
positive swing limitations.

The negative swing limitation places a limit on how small the sense resistor value can be for a given application.
235 3 provides the limit on the minimum value of the sense resistor.
Imin * Rsense * GAIN > Vgy

where:
e Iy is the minimum current that will flow through Rggnse-
GAIN is the gain of the current-sense amplifier.
e Vg is the negative output swing of the device. 3)

%z 3 shows an example of the different results obtained from using five different gain versions of the INA290-Q1.
From the table data, the highest gain device allows a smaller current-shunt resistor and decreased power
dissipation in the element.

RN © 2019, Texas Instruments Incorporated 9
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Application Information (T R)

& 3. Reense Selection and Power Dissipation®

RESULTS AT Vg =5V

PARAMETER EQUATION
INA290A1Q | INA290A2Q | INA290A3Q | INA290A4Q | INA290A5Q
G Gain 20 VIV 50 VIV 100 VIV 200 VIV 500 VIV
Vsense Ideal differential input voltage Vsense = Vour / G 250 mv 100 mVv 50 mV 25 mv 10 mVv
Rsense Current sense resistor value Rsense = Vsense / Imax 25 mQ 10 mQ 5 mQ 2.5 mQ 1mQ
Psense Current-sense resistor power dissipation Rsense X Imax2 25W 1w 0.5wW 0.25 W 0.1W

(1) Design example with 10-A full-scale current with maximum output voltage set to 5 V.

8.2 Typical Application

The INA290-Q1 is a unidirectional, current-sense amplifier capable of measuring currents through a resistive
shunt with shunt common-mode voltages from Vg to 110 V. The circuit configuration for monitoring current in a
high-side radio frequency (RF) power amplifier (PA) application is shown in & 2.

ADC

Microprocessor

g GND

|54V|

T
INA290

RF
DAC

2. Current Sensing in a PA Application

8.2.1 Design Requirements

RF
Out

GND

VsuppLy IS Set to 12 V, the shunt resistor used is 50 mQ, and the common-mode voltage set to 54 V. 5k 4 lists the
design setup for this application.

% 4. Design Parameters

DESIGN PARAMETERS EXAMPLE VALUE
INA290 supply voltage 12V
High-side supply voltage 54 vV
Maximum sense current 5A
Rsense resistor 50 mQ
Gain option 50 VIV

10
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8.2.2 Detailed Design Procedure

The INA290-Q1 measures the differential voltage across the shunt resistor, and the signal is internally amplified
with a gain of 50 V/V. The output of the INA290-Q1 is connected to the analog-to-digital converter (ADC) to
digitize the current measurements.

9 Power Supply Recommendations

The input circuitry of the INA290-Q1 device can accurately measure beyond the power-supply voltage. The
power supply can be 20 V, whereas the load power-supply voltage at IN+ and IN— can go up to 110 V. The
output voltage range of the OUT pin is limited by the voltage on the Vg pin.

10 Layout

10.1 Layout Guidelines

Tl always recommends to follow good layout practices:

» Connect the input pins to the sensing resistor using a Kelvin or 4-wire connection. This connection technique
makes sure that only the current-sensing resistor impedance is detected between the input pins. Poor routing
of the current-sensing resistor commonly results in additional resistance present between the input pins.
Given the very low ohmic value of the current resistor, any additional high-current carrying impedance can
cause significant measurement errors.

» Place the power-supply bypass capacitor as close to the device power supply and ground pins as possible.
The recommended value of this bypass capacitor is 0.1 puF. Additional decoupling capacitance can be added
to compensate for noisy or high-impedance power supplies.

» When routing the connections from the current-sense resistor to the device, keep the trace lengths as short
as possible.

10.2 Layout Example

INA290
S ouT IN+

Via to GND Plane (_» GND

Supply Voltage | A IN-
(2.7Vto20V)
Bypass
Cap

Ground
Plane

3. INA290-Q1 Recommended Layout

JiRA © 2019, Texas Instruments Incorporated 11
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)

INA290A1QDCKRQ1 ACTIVE SC70 DCK 5 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 1G6 Samples
INA290A2QDCKRQ1 ACTIVE SC70 DCK 5 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 1G8 Samples
INA290A3QDCKRQ1 ACTIVE SC70 DCK 5 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 1G7
INA290A4QDCKRQ1 ACTIVE SC70 DCK 5 3000 RoOHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 1G9
INA290A5QDCKRQ1 ACTIVE SC70 DCK 5 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 1GA Samples

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® Lead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.
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Important Information and Disclaimer: The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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MECHANICAL DATA

DCK (R-PDSO—G5)

PLASTIC SMALL—OUTLINE PACKAGE
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NOTES:  A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion. Mold flash and protrusion shall not exceed 0.15 per side.
D. Falls within JEDEC MO-203 variation AA.
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