Product
Folder

'\= Order

o0 Now

13 TEXAS
INSTRUMENTS

Technical
Documents ’

2 Tools &
Software

Support &
Community

INA210,INA211, INA212, INA213, INA214, INA215
SBOS437J ~MAY 2008—REVISED FEBRUARY 2017

INA21x Voltage Output, Low- or High-Side Measurement, Bidirectional,
Zero-Drift Series, Current-Shunt Monitors

1 Features

Wide Common-Mode Range: —0.3 V to 26 V

Offset Voltage: £35 pV (Maximum, INA210)
(Enables Shunt Drops of 10-mV Full-Scale)

Accuracy:

— Gain Error (Maximum Over Temperature):

— £0.5% (Version C)
— 1% (Versions A and B)
— 0.5-pv/°C Offset Drift (Maximum)
— 10-ppm/°C Gain Drift (Maximum)
Choice of Gains:
— INA210: 200 VIV
— INA211: 500 V/V
— INA212: 1000 VIV
— INA213: 50 VIV
— INA214: 100 VIV
— INA215: 75 VIV
Quiescent Current: 100 pA (Maximum)
SC70 and Thin UQFN Packages: All Models

Applications
Notebook Computers
Cell Phones
Telecom Equipment
Power Management
Battery Chargers

3 Description

The [INA21x are voltage-output, current-shunt
monitors (also called current-sense amplifiers) that
are commonly used for overcurrent protection,
precision-current measurement for system
optimization, or in closed-loop feedback circuits. This
series of devices can sense drops across shunts at
common-mode voltages from -0.3 V to 26 V,
independent of the supply voltage. Six fixed gains are
available: 50 V/V, 75 V/V, 100 V/V, 200 VIV, 500 V/V,
or 1000 V/V. The low offset of the zero-drift
architecture enables current sensing with maximum
drops across the shunt as low as 10-mV full-scale.

These devices operate from a single 2.7-V to 26-V
power supply, drawing a maximum of 100 pA of
supply current. All versions are specified over the
extended operating temperature range
(-40°C to +125°C), and offered in SC70 and UQFN
packages.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
SC70 (6) 2.00 mm x 1.25 mm

INA21x
UQFN (10) 1.80 mm x 1.40 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Simplified Schematic

RSHUNT

Reference Supply Load
Voltage O VAN
“~_ REF INA21x ouT Output
> O
J_— GND Ri RsfIN-
27Vio26V Vv e N PRODUCT | GAIN | R,andR, | R,andR,

Ry Ry INA210 200 5kQ 1 MQ
Caypass So70 INA211 500 2kQ 1MQ
0.01 pF INA212 1000 1kQ 1MQ
to INA213 50 20 kQ 1MQ
01pF = INA214 100 10 kQ 1MQ
INA215 75 13.3 kQ 1MQ

Vout = (ILoap * Rspunt) Gain + Vier
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5 Pin Configurations and Functions

DCK Package

RSW Package

6-Pin SC70 > :
Top View 10-Pin Thin UQFN
Top View
[¢) )
REF —L 6 | OUT NC V+
Lol
GND 5(IN- . F---- P70 161 -o-e
REF __8__: b :__5__ IN=
V+ IE 4 | IN+
GND | 9 | S
|
ouT [0 1 1 &+ 1 ITg”
] :1| :2| 19 | IN+
Lo
NC" N+
(1) NC denotes no internal connection. These
pins can be left floating or connected to any
voltage between V- and V+.
Pin Functions
PIN
/0 DESCRIPTION
NAME DCK RSW
GND 2 9 Analog Ground
IN— 5 4,5 Airr:zluotg Connect to load side of shunt resistor
IN+ 4 2,3 A}?‘zluotg Connect to supply side of shunt resistor
NC — 1,7 — Not internally connected. Leave floating or connect to ground.
Analog
ouT 6 10 output Output voltage
REF 1 8 Analog Reference voltage, 0 V to V+
input
V+ 3 6 Analog Power supply, 2.7 V to 26 V
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6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®
MIN MAX UNIT
Supply voltage, Vs 26 \
Differential (V\n+) — (Vino) -26 26 \
_ Common-mode (Version A)® GND - 0.3 26 Y
Analog inputs, Vins, Vin_@ -
Common-mode (Version B)® GND - 0.1 26 Y
Common-mode (Version C)©) GND - 0.1 26 Y
REF input GND - 0.3 (Vs) + 0.3 \Y
Output® GND - 0.3 (Vs) + 0.3 \Y
Input current into any terminal® 5 mA
Operating temperature -55 150 °C
Junction temperature 150 °C
Storage temperature, Tgyg —65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings 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 Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) Vin+and V_ are the voltages at the IN+ and IN— pins, respectively.

(3) Input voltage at any terminal may exceed the voltage shown if the current at that pin is limited to 5 mA.

6.2 ESD Ratings

VALUE UNIT

INA21x, (VERSION A)

o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(® +2000
V(Esb) Electrostatic discharge - — > \%
Charged-device model (CDM), per JEDEC specification JESD22-C101@ | +1000

INA21x, (VERSIONS B AND C)

o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001®) +3500
V(Esb) Electrostatic discharge - — > \%
Charged-device model (CDM), per JEDEC specification JESD22-C101® | +1000

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
Vewm Common-mode input voltage 12 \%
Vs Operating supply voltage 5 \
Ta Operating free-air temperature -40 125 °C
6 Submit Documentation Feedback Copyright © 2008-2017, Texas Instruments Incorporated

Product Folder Links: INA210 INA211 INA212 INA213 INA214 INA215


http://www.ti.com/product/ina210?qgpn=ina210
http://www.ti.com/product/ina211?qgpn=ina211
http://www.ti.com/product/ina212?qgpn=ina212
http://www.ti.com/product/ina213?qgpn=ina213
http://www.ti.com/product/ina214?qgpn=ina214
http://www.ti.com/product/ina215?qgpn=ina215
http://www.ti.com
http://www.ti.com/product/ina210?qgpn=ina210
http://www.ti.com/product/ina211?qgpn=ina211
http://www.ti.com/product/ina212?qgpn=ina212
http://www.ti.com/product/ina213?qgpn=ina213
http://www.ti.com/product/ina214?qgpn=ina214
http://www.ti.com/product/ina215?qgpn=ina215
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBOS437J&partnum=INA210

13 TEXAS
INSTRUMENTS

www.ti.com

INA210,INA211,INA212,INA213,INA214, INA215

SBOS437J) —MAY 2008—REVISED FEBRUARY 2017

6.4 Thermal Information

INA21x
THERMAL METRIC® DCK (SC70) RSW (UQFN) UNIT
6 PINS 10 PINS
Rgia Junction-to-ambient thermal resistance 227.3 107.3 °C/IW
Rojctop) Junction-to-case (top) thermal resistance 79.5 56.5 °C/IW
Rgis Junction-to-board thermal resistance 72.1 18.7 °C/IW
WIT Junction-to-top characterization parameter 3.6 11 °C/IW
viB Junction-to-board characterization parameter 70.4 18.7 °C/IW
Rosc (ot Junction-to-case (bottom) thermal resistance N/A N/A °C/IW

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

report.
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6.5 Electrical Characteristics

at Tp = 25°C, Vgense = Vine —
INA210, INA213, INA214, and INA215: Vg =5V, Vy. =12V, and Vgee = V5 / 2, unless otherwise noted

VIN—

INA211 and INA212: Vg =12 V, V\y: =12V, and Vgee = Vg / 2, unless otherwise noted

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
INPUT
Version A
, Ta = —40°C to +125°C 03 2
Vewm Common-mode input range - \%
Versions B and C 01 26
Ta =—-40°C to +125°C ’
INA210, INAZLL |y = 0V 10 26 V Vegyse = 0 mV
INA212, INA214, T, = —40°C to +125°C 105 140
cMRr ~ Common-mode INA215 AT dB
rejection ratio v OV i026V YV omy
IN+ = o] sense = UM
INA213 T, = —40°C to +125°C 100 120
INA210, INA211, _
INA212 Vsense = 0 mV +0.55 +35
(1)
Vo Offset voltage, RTI™? [\ 1513 Veense = 0 MV +5 +100] MWV
INA214, INA215 Vsense = 0 mV +1 +60
Vsense = 0 mV 0
dVos/dT RTI vs temperature Th = —40°C to +125°C 0.1 0.5 \Y/e
Vs=27Vto18V
PSRR RTI vs power supply ratio Vine =18V +0.1 +10 uvIv
Vsense = 0 mV
lis Input bias current Vsense = 0 mV 15 28 35 HA
lio Input offset current Vsense = 0 mV +0.02 HA
OUTPUT
INA210 200
INA211 500
. INA212 1000
G Gain VIV
INA213 50
INA214 100
INA215 75
Vsense = -5 mV to 5 mv
Ta =-40°C to +125°C +0.02% +1%
. (Versions A and B)
Eg Gain error
Vsense = -5 mV to 5 mV
Ta = —40°C to +125°C +0.02% +0.5%
(Version C)
Gain error vs temperature Ta =—40°C to +125°C 3 10| ppm/°C
Nonlinearity error Vsense = -5 mV to 5 mV +0.01%
Maximum capacitive load No sustained oscillation 1 nF
VOLTAGE OUTPUT®
. . R, =10 kQ to GND
Swing to V+ power-supply rail Th = —40°C 10 +125°C (v+) - 0.05 (V+)-0.2 \
. R = 10 kQ to GND
Swing to GND Ty = —40°C 0 +125°C (Vonp) + 0.005  (Vgnp) + 0.05 \%
FREQUENCY RESPONSE
Cionp = 10 pF, INA210 14
Cionp = 10 pF, INA211 7
C =10 pF, INA212 4
BW Bandwidth Lono = 27 P kHz
CiLoap = 10 pF, INA213 80
CiLonp = 10 pF, INA214 30
CrLoap = 10 pF, INA215 40
SR Slew rate 0.4 V/us
NOISE, RTIW
Voltage noise density 25 nV/VHz

(1) RTI = referred-to-input.

(2) See Typical Characteristic curve, Output Voltage Swing vs Output Current (Figure 10).
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Electrical Characteristics (continued)

at TA = 25°C, VSENSE = V|N+ - V|N—
INA210, INA213, INA214, and INA215: Vg =5V, Vs =12V, and Vgee = Vs / 2, unless otherwise noted
INA211 and INA212: Vg =12 V, V\y. = 12V, and Vgee = Vs / 2, unless otherwise noted

PARAMETER | TEST CONDITIONS | MIN TYP MAX UNIT
POWER SUPPLY
Vg Operating voltage range Ta =-40°C to +125°C 2.7 26 \%
lo Quiescent current Vsense = 0 mV 65 100 HA
I over temperature Ta =—40°C to +125°C 115 HA
TEMPERATURE RANGE
Specified range -40 125 °C
Operating range -55 150 °C
O3 Thermal resistance SC_7O 250 oW
Thin UQFN 80 °CIW
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6.6 Typical Characteristics
The INA210 is used for typical characteristics at Ty = 25°C, Vg =5V, V. =12 V, and Vgee = Vg / 2, unless otherwise noted.
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Figure 1. Input Offset Voltage Production Distribution
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Typical Characteristics (continued)

The INA210 is used for typical characteristics at T4 = 25°C, Vg =5V, V|\+ =12V, and Vgee = Vg / 2, unless otherwise noted.
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Figure 7. Gain vs Frequency Figure 8. Power-Supply Rejection Ratio vs Frequency
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Figure 9. Common-Mode Rejection Ratio vs Frequency Figure 10. Output Voltage Swing vs Output Current
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Typical Characteristics (continued)

The INA210 is used for typical characteristics at T4 = 25°C, Vg =5V, V|\+ =12V, and Vgee = Vg / 2, unless otherwise noted.
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Figure 13. Input Bias Current vs Temperature Figure 14. Quiescent Current vs Temperature
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Typical Characteristics (continued)

The INA210 is used for typical characteristics at T4 = 25°C, Vg =5V, V|\+ =12V, and Vgee = Vg / 2, unless otherwise noted.
= Inverting Input — Noninverting Input
— Output —— Output
= >
2 2
K K \L
ov / ov
Time (250ps/div) Time (250ps/div)
VS=5V VCM:12V VREF:Z-SV VS=5V VCM:12V VREF:Z-SV
Figure 19. Inverting Differential Input Overload Figure 20. Noninverting Differential Input Overload
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— Output Voltage — Output Voltage
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= =
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_ 1-kHz step with Vp e _ - 1-kHz step with -
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Figure 21. Start-Up Response Figure 22. Brownout Recovery
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7 Detailed Description

7.1 Overview

The INA21x are 26-V, common-mode, zero-drift topology, current-sensing amplifiers that can be used in both
low-side and high-side configurations. These specially-designed, current-sensing amplifiers are able to accurately
measure voltages developed across current-sensing resistors on common-mode voltages that far exceed the
supply voltage powering the device. Current can be measured on input voltage rails as high as 26 V while the
device can be powered from supply voltages as low as 2.7 V.

The zero-drift topology enables high-precision measurements with maximum input offset voltages as low as
35 uV with a maximum temperature contribution of 0.5 uVv/°C over the full temperature range of —40°C to
+125°C.

7.2 Functional Block Diagram

V+
n [ A \
| out
IN+ _/\/\/\/7 /
—ANN— REF
GND
Copyright © 2017, Texas Instruments Incorporated
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7.3 Feature Description

7.3.1 Basic Connections

Figure 23 shows the basic connections of the INA21x. Connect the input pins (IN+ and IN-) as closely as
possible to the shunt resistor to minimize any resistance in series with the shunt resistor.

Rshunt

Power Supplw—!»—/\/\/\/ Load

5-V Supply

o CBYPASS
—— 01pF

ouT /
ADC Microcontroller
+ \

IN+ REF

GND

Copyright © 2017, Texas Instruments Incorporated

Figure 23. Typical Application

Power-supply bypass capacitors are required for stability. Applications with noisy or high-impedance power
supplies may require additional decoupling capacitors to reject power-supply noise. Connect bypass capacitors
close to the device pins.

On the RSW package options, two pins are provided for each input. Tie these pins together (that is, tie IN+ to
IN+ and tie IN— to IN-).

7.3.2 Selecting Rg

The zero-drift offset performance of the INA21x offers several benefits. Most often, the primary advantage of the
low offset characteristic enables lower full-scale drops across the shunt. For example, non-zero-drift current
shunt monitors typically require a full-scale range of 100 mV.

The INA21x series gives equivalent accuracy at a full-scale range on the order of 10 mV. This accuracy reduces
shunt dissipation by an order of magnitude with many additional benefits.

Alternatively, there are applications that must measure current over a wide dynamic range that can take
advantage of the low offset on the low end of the measurement. Most often, these applications can use the lower
gains of the INA213, INA214, or INA215 to accommodate larger shunt drops on the upper end of the scale. For
instance, an INA213 operating on a 3.3-V supply can easily handle a full-scale shunt drop of 60 mV, with only
100 pV of offset.
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7.4 Device Functional Modes

7.4.1 Input Filtering

An obvious and straightforward filtering location is at the device output. However, this location negates the
advantage of the low output impedance of the internal buffer. The only other filtering option is at the device input
pins. This location, though, does require consideration of the +30% tolerance of the internal resistances.
Figure 24 shows a filter placed at the inputs pins.

V+
VCM
Rs<10Q Rt
- Vour
Rshunt § Cr—— Bias —
+
Rs<10Q v
RINT
Load

Figure 24. Filter at Input Pins

The addition of external series resistance, however, creates an additional error in the measurement so the value
of these series resistors must be kept to 10 Q (or less, if possible) to reduce impact to accuracy. The internal
bias network shown in Figure 24 present at the input pins creates a mismatch in input bias currents when a
differential voltage is applied between the input pins. If additional external series filter resistors are added to the
circuit, the mismatch in bias currents results in a mismatch of voltage drops across the filter resistors. This
mismatch creates a differential error voltage that subtracts from the voltage developed at the shunt resistor. This
error results in a voltage at the device input pins that is different than the voltage developed across the shunt
resistor. Without the additional series resistance, the mismatch in input bias currents has little effect on device
operation. The amount of error these external filter resistors add to the measurement can be calculated using
Equation 2 where the gain error factor is calculated using Equation 1.

The amount of variance in the differential voltage present at the device input relative to the voltage developed at
the shunt resistor is based both on the external series resistance value as well as the internal input resistors, R3
and R4 (or Ryt as shown in Figure 24). The reduction of the shunt voltage reaching the device input pins
appears as a gain error when comparing the output voltage relative to the voltage across the shunt resistor. A
factor can be calculated to determine the amount of gain error that is introduced by the addition of external series
resistance. The equation used to calculate the expected deviation from the shunt voltage to what is measured at
the device input pins is given in Equation 1:
(1250 x Ryyy)

Gain Error Factor =
(1250 x Rg) + (1250 x Ryyy) + (Rg x Ryyr)

where:

e Ry is the internal input resistor (R3 and R4), and

* Rgis the external series resistance. Q)
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Device Functional Modes (continued)

With the adjustment factor from Equation 1, including the device internal input resistance, this factor varies with

each gain version, as shown in Table 1. Each individual device gain error factor is shown in Table 2.

Table 1. Input Resistance

PRODUCT GAIN RinT (k)
INA210 200 5
INA211 500 2
INA212 1000 1
INA213 50 20
INA214 100 10
INA215 75 13.3

Table 2. Device Gain Error Factor

PRODUCT SIMPLIFIED GAIN ERROR FACTOR

1000
INA210 Re + 1000
10,000
INA21L (13 x Rg) + 10,000
5000
INA212 (9% Rg) + 5000
20,000
INA213 (17 x Rg) + 20,000
10,000
INAZ14 (9 x Rg) + 10,000
8,000
INA215 (7% Rs) + 8,000

The gain error that can be expected from the addition of the external series resistors can then be calculated
based on Equation 2:

Gain Error (%) = 100 — (100 x Gain Error Factor) 2

For example, using an INA212 and the corresponding gain error equation from Table 2, a series resistance of
10 Q results in a gain error factor of 0.982. The corresponding gain error is then calculated using Equation 2,
resulting in a gain error of approximately 1.77% solely because of the external 10-Q series resistors. Using an
INA213 with the same 10-Q series resistor results in a gain error factor of 0.991 and a gain error of 0.84% again
solely because of these external resistors.
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7.4.2 Shutting Down the INA21x Series

Although the INA21x series does not have a shutdown pin, the low power consumption of the device allows the
output of a logic gate or transistor switch to power the INA21x. This gate or switch turns on and turns off the
INA21x power-supply quiescent current.

However, in current shunt monitoring applications, there is also a concern for how much current is drained from
the shunt circuit in shutdown conditions. Evaluating this current drain involves considering the simplified
schematic of the INA21x in shutdown mode, as shown in Figure 25.

Rshunt
Reference Sugply \/\/\/\ Load
Voltage
[ . REF INA21x ouT Ouéput
L o 1Ho R | in-
Shutdown Ve m] ) IN+
Control ’ W W PRODUCT | R;andR,
l 1Mo Ry INA210 5 kQ
Cayrass INA211 2 kQ
INA212 1kQ
— INA213 20 kQ
INA214 10 kQ
INA215 13.3kQ

Copyright © 2017, Texas Instruments Incorporated
NOTE: 1-MQ paths from shunt inputs to reference and INA21x outputs.

Figure 25. Basic Circuit for Shutting Down The INA21x With a Grounded Reference

Note that there is typically slightly more than 1-MQ impedance (from the combination of 1-MQ feedback and
5-kQ input resistors) from each input of the INA21x to the OUT pin and to the REF pin. The amount of current
flowing through these pins depends on the respective ultimate connection. For example, if the REF pin is
grounded, the calculation of the effect of the 1-MQ impedance from the shunt to ground is straightforward.
However, if the reference or op amp is powered while the INA21x is shut down, the calculation is direct; instead
of assuming 1 MQ to ground, however, assume 1 MQ to the reference voltage. If the reference or op amp is also
shut down, some knowledge of the reference or op amp output impedance under shutdown conditions is
required. For instance, if the reference source behaves as an open circuit when not powered, little or no current
flows through the 1-MQ path.

Regarding the 1-MQ path to the output pin, the output stage of a disabled INA21x does constitute a good path to
ground. Consequently, this current is directly proportional to a shunt common-mode voltage present across a 1-
MQ resistor.

As a final note, when the device is powered up, there is an additional, nearly constant, and well-matched 25 pA
that flows in each of the inputs as long as the shunt common-mode voltage is 3 V or higher. Below 2-V common-
mode, the only current effects are the result of the 1-MQ resistors.
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7.4.3 REF Input Impedance Effects

As with any difference amplifier, the INA21x series common-mode rejection ratio is affected by any impedance
present at the REF input. This concern is not a problem when the REF pin is connected directly to most
references or power supplies. When using resistive dividers from the power supply or a reference voltage, the
REF pin must be buffered by an op amp.

In systems where the INA21x output can be sensed differentially, such as by a differential input analog-to-digital
converter (ADC) or by using two separate ADC inputs, the effects of external impedance on the REF input can
be cancelled. Figure 26 depicts a method of taking the output from the INA21x by using the REF pin as a
reference.

Supply Rshunt Load
/
: ADC
REF Device ouT Output
)
GND Ri Ra) IN-
27VI026V | welIN*

o
Caypass
0.01 uF
to

01uF =
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Figure 26. Sensing the INA21x to Cancel the Effects of Impedance on the REF Input

7.4.4 Using The INA21x With Common-Mode Transients Above 26 V

With a small amount of additional circuitry, the INA21x series can be used in circuits subject to transients higher
than 26 V, such as automotive applications. Use only zener diode or zener-type transient absorbers (sometimes
referred to as transzorbs) ;any other type of transient absorber has an unacceptable time delay. Start by adding
a pair of resistors as a working impedance for the zener; see Figure 27. Keeping these resistors as small as
possible is preferable, typically around 10 Q. Larger values can be used with an effect on gain that is discussed
in the Input Filtering section. Because this circuit limits only short-term transients, many applications are satisfied
with a 10-Q resistor along with conventional zener diodes of the lowest power rating that can be found. This
combination uses the least amount of board space. These diodes can be found in packages as small as SOT-
523 or SOD-523.

Copyright © 2008-2017, Texas Instruments Incorporated Submit Documentation Feedback 19
Product Folder Links: INA210 INA211 INA212 INA213 INA214 INA215


http://www.ti.com/product/ina210?qgpn=ina210
http://www.ti.com/product/ina211?qgpn=ina211
http://www.ti.com/product/ina212?qgpn=ina212
http://www.ti.com/product/ina213?qgpn=ina213
http://www.ti.com/product/ina214?qgpn=ina214
http://www.ti.com/product/ina215?qgpn=ina215
http://www.ti.com
http://www.ti.com/product/ina210?qgpn=ina210
http://www.ti.com/product/ina211?qgpn=ina211
http://www.ti.com/product/ina212?qgpn=ina212
http://www.ti.com/product/ina213?qgpn=ina213
http://www.ti.com/product/ina214?qgpn=ina214
http://www.ti.com/product/ina215?qgpn=ina215
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBOS437J&partnum=INA210

13 TEXAS
INSTRUMENTS
INA210, INA211, INA212, INA213, INA214, INA215

SBOS437J —MAY 2008 —REVISED FEBRUARY 2017 www.ti.com

Supply Rstun Load
O

Rerotect RerotecT
100 100

Reference
Voltage

> “. REF Device ouT - OuCtDput

J_— GND 1MQ R3] IN-
= W W

Shutdown v+ . o] IN+
Cont